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S r n Y  

T h i s  r e p o r t  p r e s e n t s  r e s u l t s  of Taslcr, X 9nd 11 o f  a s tudy by McDonnell 

A i r c r a f t  Company (MCATR) f o r  NASA Ames Research Center and t h e  U,S. Navy t o  

conceptual ly  design two types of L i f t / C r u i s e  Fan Technology V/STOL A i r c r a f t .  

The o b j e c t i v e  was t o  d e f i n e  two Research Technology A i r c r a f t  (RTA) - one us ing  

t u r b o t i p  fans and the  o t h e r  us ing mechanically d r iven  fans. A low risk, low 

cos t  philosophy was used durf-ng t h e  des ign of both  a i r c r a f t ,  The approach 

used was t o  r e f i n e  the  RTA designs prev ious ly  accomplished under NASA Contract  

No. NAS2-5499 and r e p o r t e d  in Report ElDC A3440 ,  Volume 11. 

The t u r b o t i p  RTA r e f l e c t s  maximum usage of e x i s t i n g  airframe components, 

i.e., T-39 wing and c e n t e r  fuse lage ,  F-101 a f t  fuse lage  and empennage, A-6 

cockpi t  and canopy, and A-4 landing gear The propuls ion system c o n s i s t s  of 

three General  E l e c t r i c  (GE) LCF459 t u r b o t i p  f a n s  pneumaticalLy in te rconnec ted  

to  t h r e e  GE YJ97 gas genera to r s .  Thrust  modulation is  accomplished by use of 

the  MCAlR developed Energy Trans fe r  and Control System and Thrust  Reduction 

Modulation. This system can a l s o  be  opera ted i n  the two eng ine / th ree  fan mode. 

A l a r g e  t h r u s t  t o  weight margin i s  a v a i l a b l e  f o r  both  nornial and emergency 

o p e r a t i o n  which equateti t o  low r i s k .  Engine-out VYO s a f e t y  f o r  t h e  maximum 

VTOGW is a v a i l a b l e  a t  a dry  in te rmedia te  power s e t t i n g .  

. -- 
MODEL 260- RTA-7, TuRBOOTIPR~A- 

The wzchanical RTA i s  v i r t u a l l y  i d e n t i c a l  to t h e  t u r b o t i p  RTA w i t h  tho 

except ions  t h a t  a  d i f f e r e n t  propuls ion system and aft f u s e l a g e / t a i l  are used.  

The T-39 a f t  fuse lage  and v e r t i c a l  t a i l  a r e  modified and a new h o r i z o n t a l  t a i l  

i s  used i n s t e a d  of the  F-101 assembly t o  achieve a weighr r educ t ion  of approxi- 

mately 544 pounds. This weight decrease  was requ i red  so t h a t  engine-out 

v e r t i c a l  landing requirements could be met. The propuls ion system c o n s i s t s  
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of t h r e e  Hamilton Standard 62 inch  diameter var iab le  p i t c h  fans  mechanically 

Interconnected t o  t h r e e  D e t r o i t  Diese l  Al l i son  XT701 tu rboshaf t  engines.  Th i s  

aircraft w a s  i n i t i a l l y  designed us ing 65 inch  diameter fans ;  however, subsequent 

inc reases  i n  t h r u s t  r a t i n g s  of t h e  62 inch diameter f a n  provided adequate lift 

margins and it was incorporated into the design. The engines use a wet rating 

t o  achieve engine-out l i f t  requirements.  

MODEL 260-RTA-2, MECHANICTL~HTA - 

Both aircraft  meet o r  exceed a l l  of the mission performance gu ide l ines  

s p e c i f i e d  i n  t h e  Statement of Work and r e f l e c t  a low c o s t ,  low r i s k  approach. 

Addi t ional  ST0 mission performance is a v a i l a b l e  a t  a reduced load f a c t o r ,  

thereby providing o p e r a t i o n a l  mission demonstration c a p a b i l i t y .  Budgetary 

es t imates  w e r e  prepared fcr  each of t h e  a i r c r a f t  based on an austere development 

and flight t e s t  program and a r e  presented i n  Volume ILL o f  t h i s  r e p o r t .  

MCDONNELL AIRCRAFT COMPANY 
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1. INTRQDUCTION 

Recent s t u d i e s  by the  Navy and NASA !IRY$ confirmed the  future need for a 

high perf ormnnce V/STOL a i r c r a f t  f o r  b o t h  mill tary and c i v i l  a p p l i c a t i o n s ,  The 

Navy requires n multimission V/STOL a i r c r a f t  i n  t h e  1980 ' s  capable  of sea 

c o n t r o l  opera t ions  from many platforms as w e l l  as ship-to-shore and shore-to- 

sh ip  functions, The purpose of t h i s  study was to  d e f i n e  Lwo l i f t  c r u i a o  fan 

Research Technology A i r c r a f t  (RTA) which can be used f o r  p ropu l s ion /con t ro l  

system o p e r a t i o n a l  demonstrat ion.  The s p e c i f i c  objectives of the study may b e  

summarized as follows: 

Task I: Conceptually des ign a t u z b o t i p  l i f t  c r u i s e  f a n  RTA 

Taslc 11: Conceptually des ign a mechanical l i f t  c r u i s e  fan RTA 

Task 111: Design and analyze  the t ransmiss ion system components of t h e  
t u r b o t i p  and mechanical RTA 

Task XV: Evaluete program v a r i a n t s  f o r  c o s t  r educ t ion  

The reeults of t h i s  s tudy a r e  r e p a r r e d  i n  the fo l lowing three volumes: 

Volume I - Yechnology F l i g h t  Vehicle D e f i n i t i o n  

Volume I' - Propulsion Trnnsmfssion System Design 

Volume T X I  - Development Program and Budgetary Estimates 

This volume de f ines  the t u r b o t i p  and mechanical RTA programs proposed t o  

a s s e s s  the b e n e f i t s  of the lift cruise fan v f STOL concept.  The major test 

objectives of the  technology aircraft program are  t o :  

o Develop an i n t e g r a t e d  p r o p ~ ~ l a l o n / c o n t r o 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 lift and aerodynamic flight regimes 

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

o  Define future V/STOL aircraft design requirements 

o  Obtain o p e r a t i o n a l  experience 

o Develop opera t ing techniques 

o Serve a s  a f a c i l i t y  f o r  control /propuls lon system tests 

o  Provide  tho c a p a b i l i t y  to perform experiments r e l a t e d  t o  t e rmina l  
area operat ion with advanced s t a b i l i z a t i o n ,  guidance,  and nav iga t ion  
systems.  

I n  accordance with  the Statement of Work, the  design def-Lait ion study was 

d i r e c t e d  toward a minimum cost research program c o n s i s t e n t  wi th  providing 

~naximum r e s e a r c h  pzoduc t ivf  ty and proper  a t t e n t i o n  t o  s a f e t y  . The specif ied 

Design Guidel ines  are presen ted  i n  Appendfx A of the r e p o r t .  

The aerodynamic data and mission c a p a b i l i t i e s  f o r  the a i r c r a f t  were 

determined and compared t o  the  design guideline requirements and a r e  



presented i n  S e c t i o n  2. Tho d e s c r i p t i o n  and performance characteri~tics of 

the two propulsion systems are p r e s e n t e d  i n  SecLSon 3, S e c t i o n  4 eummarlzes  

the v e h i c l e  subsystem design characteristics, weight analysis and data base 

summary, An a n a l y s i s  of t h e  aircraft c o n t r o l  and handl ing qualit ies  was 

performed for each a i r c r a f t  and is summarized in S e c t i o n  5, Excess cont ro l  

margins are provided  i n  a l l  axes  f o r  r e s e a r c h  purposes. 



2 . 1  RECjUXREbIENTS AND APPROACH 

The modified T-39 S a b r e l i n e r  r e s o a r c h  and technology concep tua l  a i r c r a f t  

des ign ,  desc r ibed  . i n  Repor t  MDC A3440 was r e f i n e d  t o  achieve minimum r i s k  

and c o s t  w h i l e  re ta in ing  maximum R&D demonst ra t ion  c a p a b i l i t i e s  wit11 eng ine  o u t  

s a f e t y .  Bas ic  des ign  g u i d e l i n e s  and c r i t e r i a  f o r  t h e  d e s i g n  d e f i n i t i o n  of t h e  

l i f t  c r u i s e  f a n  r e s e a r c h  and technology V/STOL a i r c r a f t  were s p e c i f i e d  by 

Attachment I of t h e  Sta tement  of Work WII :h is p resen ted  i n  Appendix A ,  Mission 

requi rements ,  f l i g h t  s a f e t y  and o p e r a t i n g  c r i t e r i a ,  hand l ing  q u a l i t i e s  and 

engine o u t  s t anda rds  are p r e s c r i b e d .  The a i r c r a f t  are t o  be cons ide red  i n  the  

Class  TI ca tegory  of MIL-P-83300. Level 1 hand l ing  q u a l i t i e s  are ts be provided 

f o r  normal o p e r a t i o n  w i t h  no f a i l u r e s .  Level  2 hand l ing  q u a l i t i e s  are t o  be 

provided w i t h  a s i n g l e  r e a s o n a b l e  E a i l u r a  of p r o p u l s i o n  o r  c o n t r o l  system. The 

c r u i s e  f l i g h t  s t a t i c  s t a b i l i t y  margin without augmentat ion was d e f i n e d  t o  be 

5-percent  mean aerodyanmlc chord a t  t h e  c r i t i c a l  c e n t e r  o f  g r a v i t y .  

Two primary i n p u t s  t o  V/STOL a i r c r a f t  s a f e t y  and c o s t  are t h e  number of 

engines and t h e  c o n t r o l  system; the la t te r  is  d i s c u s s e d  i n  S e c t i o n  5, Speci- 

f i c a t i o n  of t h e  modif ied S a b r e l i n e r  d e s i g n  p l u s  t h e  J 9 7  and PD370-24 propu l s ion  

systems i n c l u d i n g  f a n  d i ame te r s  e s t a b l j s h e d  t h e  a i r c r a f t  g r o s s  weight and 

s t a t i c  t h r u s t  performance f o r  bo th  two and t h r e e  eng ine  c o n f i g u r a t i o n s .  The 

most c r i t i c a l  ecgine-out c r i t e r i a  of t h e  g u i d e l i n e s  was t h e  VL requi rement  with 

a T/W = 1 .03  and t h e  conve r s ion  requi rement  which states t h e  maximum speed i n  

t h e  powered l i f t  c o n f i g u r a t i o n  s h a l l  b e  a t  l e a s t  10-percent  g r e a t e r  than t h e  

powor of f  s ta l l  speed i n  t h e  conver ted  c o n f i g u r a t i o n  f o r  Leve l  2 o p e r a t i o n ,  

These ~ tpec l f i c a t i ons  and the prev ious  RTA s t u d y  resulted i n  t h e  s e l e c t i o n  of a 

t h r e e  engine propu l s ion  sys tem which p r o v i d e s  ",he d e s i r e d  performance and 

safety  l e v e l s .  The a i r c r a f t  o p e r a t i o n a l  g r o s s  weighta  are r e s t r i c t e d  t o  l e v e l s  

e s t a b l i s h e d  by engine-out c a p a b i l i t y .  

ST0 performance a t  g r o s s  weights  gceatez t h a n  VTOGW i s  a f u n c t i o n  of t h e  

i n s t a l l e d  t h r u s t  l e v e l  as d e f i n e d  by t h e  design t h r u s  t/VTOGW r a t i o  (F/W = 1.05) .  

An RTA VTOGW s e l e c t i o n  based  upon approximate ly  two engine a v a i l a b l e  thrust: 

p rov ides  t h e  d e s i r e d  s a f e t y  and ? e r f o m a n c e  levels th roughout  the powered lift 

flight regime,  The STO, Eransition, and convers ion  can be  completed i n  t h e  

event of eng ine  failure s i n c e  t h e  t h r s u t / w e i g h t  r a t i o s  are mainta ined  a t  levels 

equ iva len t  t o  a two eng ine  c o n f i g u r a t i o n .  The technology z i r c r a f t  are ope ra t ed  

w i t h  t h r e e  engines  a t  part  t h r o t t l e  d u r i n g  powered l i f t  f l i g h t  and w i t h  two 

JU+CDC#IVNELL AIRCRAFT COMPANY 
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engines  du r ing  aerodynamic f l i g h t ,  The t h r o t t l e  i s  advanced t o  m a i n t a i n  t h r u s t  

l e v e l  i n  even t  of eng ine  f a i l u r e ,  

The l i f t / c r u i s e  f a n  a i r c r a f t  c o n f i g u r a t i o n s  s e l e c t e d  for t h e  t u r b o t i p  and 

rnechan!.cal f a n  t ec l~no logy  a i r c r a f t  are t h e  cu lminat ion  of e x t e n s i v e  R&D e f f o r t s  

i nc lud ing  wind Lunnel. test programs. Three in t e rconnec ted  f a ~ r ~  are 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 ,  t o  p rov ide  symmetrical l l f  t 

fo l lowing  an engine  f a i l u r e ,  and t o  compensate f o r  suckdown w h i l e  i n  ground 

e f f e c t s .  L i f t l c r u i s e  f a n s  a r e  p o s i t i o n e d  on  top of a low wing at: t h e  fuse l age -  

wing r o o t  j u n c t u r e  t o  p r o v i d e  power induced l i f t  i n  ST0 and t r a n s i t i o n ,  t o  

reduce t h r u s t  t r i m  moments, and to  minimize t h e  V/STOL s t r u c t u r a l  p e n a l t y ;  i ,  e, , 
t h e  basic wing s t r u c t u r e  i s  mainta ined  i n t a c t ,  A T - t a i l  p rov ides  optimum 

s t a b i l i t y  and c o n t r o l  c o n t r i b u t i o n s  ove r  t h e  o p e r a t i o n a l  a n g l e s  of  a t t a c k ,  

r e t a i n s  adequa te  c o n t r o l  power a t  p o s t - s t a l l  a n g l e s  of a t t a c k ,  and minimizes 

s t a b i l a t o r  t r i m  changes w i t h  t h r u s t  v e c t o r i n g ,  

R e q u i s i t e s  f o r  V/STOL a i r c r a f t  c o n f i g u r a t i o n  v i a b i l i t y  are compat ib le  

l o c a t i o n s  f o r  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 a i r c r a f t  

n e u t r a l  p o i n t  ( W ) .  A c o i n c i d e n t  TC and CG l o c a t i o n  forward of t h e  NP is  

r e q u i r e d  t o  minimize t h e  weight p e n a l t i e s  a s s o c i a t e d  w i t h  q o n t r o l  p r o v i s i o n s  

f o r  a l l  o p e r a t i n g  f l i g h t  modes and t o  p rov ide  a s t a t i c  s t a b i l i t y  margin i n  t h e  

aerodynamic l i f t  f l i g h t  mode. The t h r u s t  c e n t e r  and most a f t  a e n t e r  of  g r a v i t y  

of t h e  s e l e c t e d  c o n f i g u r a t i o n s  a r e  e s t a b l i s h e d  a t  28 p e r c e n t  of  t h e  wfng mean 

aerodynamic chord and t h e  c e n t e r -  lof g r a v i t y  t r a v e l  w i t h  f u e l  u s e  i s  minimized. 

The a i r c r a f t  n e u t r a l  p o i n t  i s  p o s i t i o n e d  a t  33 p e r c e n t  MAC by s i z i n g  t h e  

s t a b i l a t o r  us ing  wind t u n n e l  t e s t  r e s u l t s ,  

2 . 2  BASIC AERODYNAMIC DATA 

The b a s i c  aerodynamic d a t a  r e q u i r e d  f o r  performance c a l c u l a t i o n s  were 

ob ta ined  through use of  advanced d e s i g n  techniques ,  MCATR l i f t l c r u i s e  f a n  

a i r c r a f t  technology base, 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, and wind tunnel tests. 

Miss ion  performance c a p a b i l i t i e s  of  t h e  technology a i r c r a f t  are based on 

the e s t i m a t e d  drag c h a r a c t e r i s t i c s  p r e s e n t e d  i n  F i g u r e s  2-1, 2-2 and 2-3. l n e  

minimum p a r a s i t e  drag c o n s i s t s  o f  cornporzent s k i n  f rictian drag  modif ied  f o r  

shape, roughness ,  and i n t e r f e r e n c e  plus i nc remen ta l  d rag  f o r  appendages and 

t r i m .  I nc remen ta l  appendage and t r i m  drags a r e  based  on p rev ious  l i f t / c r u i s e  

fan a i r c r a f t  R&D e f f o r t s .  The mechanical  RTA e x h i b i t s  the l owes t  aerodynamic 

minimum drag  s i n c e  t h e  c r u t s e  eng ines  are i n t e g r a l  w i t h  t h e  fans ( p a r t  of 

IMCDQNWELL. AbRCRAFT COMPANY 
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FIGURE 2-1 
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p r o p u l s i o n  i n t e r n a l  drag) r a t h e r  than enc losed  i n  f a i r i n g s  a s i d e  of t h e  

f u s e l a g e  as f o r  the g a s  d r i v e  v e r s i o n .  The lift c o e f f i c i e n t  a t  minimum d r a g  

(CL~) as determined from model test is approximate ly  0.15. F i g u r e s  2-4 and 2-5 

show t h e  trimmed drag p o l a r s  fo r  the t u r b o t i p  and mechanica l  fan a i r c r a f t  a t  

v a r i o u s  f l i g h t  Mach numbers. The drag  p o l a r s  are supplemented by bas ic  aero-  

dyanmic data, Figures  2-6 through 2-9, prepared In  p r e v i o u s  NAsA/Navy Design 

Definition S t u d i e s ,  These e s t ima ted  aerodynamic d a t a  assume t h e  S a b r e l i n e r  wing 

l e a d i n g  edge s l a t  i s  locked and s e a l e d  i n  i t s  r e t r a c t e d  p o s i t i o n .  For t h e  h igh  

lift c o n f i g u r a t i o n  e s t i m a t e d  d a t a ,  t he  S a b r e l i n e r  f l a p  i s  assumed modif ied  t o  a 

p l a i n  flap o f  reduced span .  

2 . 3  Prnl?ORMANCE 

2.3.1 TAKEOFF AND LANDING - The d e f i n i t i o n s  for de te rmin ing  t h e  ETA gross 

weights f o r  VTOL, STOL and emergency engine-out  condLtions were  e s t a b l i s h e d  by 

the g u i d e l i n e s  and by s e p a r a t e  i n p u t s  from NASA. 

VTOGW - Cross  weight  w i t h  f u e l  f o r  a (5) c i r c u i t  test mrtssion, 2500 lb 
payload; t h r u s t  = l.g.5 VTOGW. 

STOGW - Gross we igh t  with f u e l  f o r  a n  (11) c i r c u i t  test miss ion ,  2500 Ib 
payload .  

MCDOMNELL AIRCRAFT COMPANY 
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FIGURE 2-4 
TURBOTIP AND MECHANICAL RTA 
TRIMMED LIFT COEFFICIENT 

FIGURE 2-5 
TURBOTIP AND MECHAN I C A L  RTA 
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FIGURE 2-6 
TURBOTI P RTA 
MIMIMUM DRAG 
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STOW (Alternate) - Grcss weight w i t 1 1  fuel f o r  a (2)  hour c r u i s e / l o i t c r  test: 
mission, 2500 Lb pnyluad. 

VLGW - G r o s ~  wcigllt with  f u e l  f o r  n (2)  c i r c u i t :  tesl: miss ion,  2500 l b  - 
payload; engine out  t h r u s t  = 1,03 VLGW, 

By NASA d i r e c t i o n ,  the vert ica l  takeoff  and landing analyses assumed zero net 

ground affects ;  i , c ,  t h e  f o u n t a i n  e f f e c t s  nullify any suckdown f o r c e s  and the 

r e i n g e s t i o n  effects arc negligible, 

Both RTA's have more than adequate t h r u s t  margins dur ing  normal. t h r e e  

engine opera t ion.  The engine o u t  v e r t i c a l  landing requirement of n T/W = 1,03 

a t  VLGW woo t he  most: c r i t i c a l  s i z i n g  f a c t o r  and e s t a b l i s h e d  t h e  aced for a 

t h r e e  engine conf igura t ion  for both t h e  t u r b o t i p  and mechanical RTA. 

The use  of the YJ97 engines i n  the  t u r b o t i p  RTA resulted i n  a s i g n i f i c a n t  

th rus t /we igh t  margin f o r  both  normal and engine ou t  condi t iona.  The engine out 

roquireinents can be m e t  w i t h  the  remaining engines a t  an In te rmedia te  d ry  power 

setting. In  f a c t ,  a t  t h i s  power s e t t i n g  the normal f i v e  c i r c u i t  v e r t i c a l  

miss ion gross weight a t  n T/W = 1.05 can be achieved wi th  two engines thereby 

providing complete engine out: s a f e t y  d~ring maximum VTOGW, This l a r g e  t h r u s t 1  

weight f o r  an RTA r e s u l t s  i n  a low risk program. The t u r b o t i ?  RTA th rus t lwe igh t  

summary I s  Bhown i n  F igure  2-10, 

FIGURE 2-10 
TURBOTlP RTA THRUST/WEIGHT SUMMARY 

I ST0 I VTO I 
11 ST0 2 t I H  

CIRCUITS EIlOURlWCE 

OWE - L B  

PAYLOAD - LO 

FUEL - L B  

G.H. - LO 26580 27660 

T/W REQ'O 1 
LlFT REQ'D - LO ('I 

THRUST AVAIL .  - Lli 
(2) 

3 ENG - INTER DRY 
MRX PRY 

2 EllG - INTER DRY 
EMER ORY 

COMPLETE VTO SAFETY WITH EHGltlE-OUT 

5 " Y "  YI. 
CIRCUITS 2 CIRCUITS 

19451 19451 

INTER. DRY RATItiG [ 
(1) NO ALLOWANCE FOR GRD EFFfCTS/REIIlGESTION 
(2) tNCLUDES 32 EIGI I IE DERATE 
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The XT701 engines used In the  mechanical RTA provide  n l a r g e  t h r u s t  margin 

for normal opera t ion  a t  an  In termedia te  dry power setti!-q; however, water 

I n j e c t i o n  is  reqh i rcd  t o  meet the  engine out  v e r t i c a l  landing requirements.  

The engine  ou t  thrufit shown i n  t h e  thrusc/weight summary, Figure  2-11, is f o r  

an InLermediatc Wet r a t i n g  p l u s  25'F temperature inc reaee .  It ZB apparent  t h a t  

the  t h r u s t  margin requ i red  t o  meet t h e  gu ide l ines  can probably be a t t a i n e d  with- 

ou t  using t h e  2T0P temperature inc rease .  If necessary ,  a d d i t i o n a l  engine ou t  

t h r u s t  margin could be a t t a i n e d  by (1) L e t t e r  enginel fan matching (2)  increased 

engine temperature o r  (3)  reduced payload. Both a i r c r a f t  meet t h e  des ign  

requirements of the  s tudy.  

The ST0 performance of the  RTA was determined and i s  presented i n  

F i g u r e  2-12 i n  terms of STOGW/VTOGW r a t i o  a s  a f u n c t i o n  of ground r o l l  d i s t a n c e  

and wind v e l o c i t y .  These e s t i m a t e s  assumed a takeoff  t h r u s t  equa l  t o  1.05 VTOGW 

which i s  well below that: a v a i l a b l e  with three engines at  in te rmedia te  thrust. 

The powered induced l i I t ,  F i g u r e  2-13, used i n  the  a n a l y s i s  r e f l e c t s  r e c e n t  

wing tunnel. da ta ;  this f a c t o r  i s  less than t h a t  used i n  previous  s t u d i e s .  The 

ST0 technique used is a s  fo l lows:  

o Warmup p l u s  cockp i t  checkout 

o Thrust  v e c t o r  a n g l e ,  BR % 1 7  degrees 

o T h r o t t l e  advance, brake r e l e a s e  t o  i n i t i a t e  ground r o l l  a c c e l e r a t i o n  

o Thrust  v e c t o r  i n c r e a s e .  t o  Q 55 degrees p lus  a i r c r a f t  r o t a t i o n  t o  
0 . 8  Qma, i n  1 ,5  seconds 

o Aircraft liftoff , climbour,  minimum a /g  = 0.065 

The 11 c i r c u i t  ST0 and 2 hr  Cruise/Endurance miss ions  do n o t  t a x  the  

a i r c r a f t  ' s ST0 c a p a b i l i t i e s .  With increased i n t e r n a l  fuel, t h e  itTA could have 

a STOGW of 32,000 l b s  a t  a load f a c t o r  of 2.0g. A t  t h i s  SPOGW the STOGW/VTOGW 

r a t i o  would bz 1.265. A t  ze ro  wind cond i t ions ,  t h i s  weight  would r e q u i r e  a 

ground r o l l  of only 325 f e e t .  The ground r o l l  required '  f o r  t h e  2 hr  c r u i s e /  

endurance mission would be l e s s  than 150 feet. A t  smal l  STOGW/VTOGW r a t i o s  and 

takeoff  d i s t ances ,  p i l o t  technique is  the determining f a c t o r  and v e c t o r  ang le  

i n c r e a s e  without a i r c r a f t  r o t a t i o n  would provide good ST0 performance. 

2.3.2 FLIGHT ENVELOPES - The powered l i f t :  mode f l i g h t  envelopes f o r  the  turbo- 

t i p  and mechanical RTA are sllown in Figures  2-14 and 2-15 f o r  both VTO and ST0 

gross  weights.  The data i s  presented f o r  t h r u s t  levels corresponding t o  both 

a 1.05 VTOGW and t h e  t h r e e  engine  in te rmedia te  r a t i n g .  The powered l i f t  maximum 

speed corresponds t o  a l i f t / c r u i s e  and l i f t  f a n  r e s u l t a n t  v e c t o r  ang le  cf 

40 degrees. A t  a l t i t u d e s  of 8,000 tn 10,000 ft, conversion speed over laps  i n  



FIGURE 2-11 
MECHANICAL RTA THRUST/WEIGHT SUMMARY 
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CIRCUITS 3366 4722 - 
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FIGURE 2-13 2 1  

TURBOTIP AND MECHANICAL RTA , -  . I -  , 8 . 4 ,  
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FIGURE 2-14 
TURBOTIP RTA 

I FLIGHT ENVELOPE - POWERED LIFT MODE : 
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FIGURE 2-1 5 
MECHANICAL RTA 

FLIGHT ENVELOPE - POWERED LIFT MODE 

.*- I 
TRoPlCAL ATMOSPHERE 

MRUST .; lr05 

0.1 0,2 0,3 0,4 

MACH NUMBER 

excess  of 20 percent a r e  a v a i l a b l e  at  t es t  mission STOGW and t h r u s t  = 1,05 

VTOGW. The a i r c r a f t  have a significant hover c a p a b i l i t y  when using t h r e e  

engines  a t  i n t e r m e d i a t e  power, 

The f l i g h t  envelopes  a t  a t h r u s t  l eve l  o f  1.05 VTOGW ( s o l i d  l i n e s )  show 

compf.iance wi th  the  forward f l i g h t  perforlnatlce requirements, S .  L, 89.8"F 

atmosphere,  i n  event of any r easonab le  f a i l u r e  o f  a power p l a n t .  The r e q u i r e -  

ments rt STOGW are: 

o Complete takeoff  and con t inue  a c c e l e r a t e d  f l i g h t  w i t h  p o s i t i v e  1 1 / 2  
deg ree  climb angle ,  and 

a The maximum speed i n  t h e  powered l i f t  c o n f i g u r a t i o n  s h a l l  b e  at least 
10 p e r c e n t  g r e a t e r  than the power-off stall speed i n  the conver ted  
conf i g u z a t i o n .  

Since the engine  o u t  t h r u s t  f o r  the  t u r b o r i p  RTA exceeds t h a t  r e q u i r e d  Eor 

normal powerod L i f t  o p e r a t i o n ,  Sec t ion  2.3.1, the solid l i n e s  on t h e  powered 

l i f t  f l i g h t  envelopes can  be used t o  assess eng ine  out STOGW performance.  The 

a l t i t u d e  and canvers ion  v e l o c i t y  o v e r l a p  c a p a b i l i t i e s  at  STOGW i n d i c a t e  eng ine  

o u t  performance i n  e x c e s s  of the r equ i r emen t s ,  

rdCD0NNEL.L AIRCRAFT COMPANY 
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The mechnnicnl RTA r a t i o  of angina ou t  t h r u s t  t o  cha t  f o r  1.05 VTOGW is 

0,955, Figure 2-15 shows that a change i n  t l ~ r u s t  from t h r e e  engine i n t e r -  

n~ed ia te  power to 1.05 VTOGW (rat io = 0.84) reduces the  Sen Level maximum Mach 

number f o r  the  STOOV from 0,35 t o  0.315. An a d d i t i o n a l  t h r u s t  r educ t ion  t o  t h e  

engine o u t  level  ( r a t i o  = 0.955) results i n  EI,,, of about 0.3 which i n d i c a t e s  an  

accep tab le  conversion speed overlap and climb performance f o r  engine  our ST0 

ope1 t l o n .  

Figures 2-16 and 2-17 present  the aerodynamic l i f t  mode flight envelopes 

for the  t u r b o t i p  and mechanical RTA a t  s t andard  atmosphere, Basic P l i g h t  Design 

Gross Weight, and two engine In tcrmcdia tc  d r y  rating. In the aerodynamic l i f t  

mode two engines power the l i f  t / c r u i s e  f ans ,  t h e  t h i r d  engine i s  a t  i d l e  o r  

shut down, and the l i f t  fan i s  shut  down wi th  i t s  nozzle  e x i t  c l o s ~ d  and Eaired,  

The minimum Mach number below 20,000 f e e t  a l t i t u d e  is  de f ined  by t h e  power o f f ,  

maxinlum usable l i f t  coeff  i c lene .  Optinurn loiter and cruise speeds are shown as 

a f u n c t i o n  of a l t i t u d e .  The gu ide l ine  minimum c r u i s e  speed requirements ,  

300 KEAS a t  sea l e v e l  and 0.7M a t  25,000 f e e t ,  are a t t a i n a b l e  but  exceed t h e  

0 0.1 a2 0.3 0.4 -0.5 0.6 0.7 0.8 0.9 

MACH NUMBER 

MCDQNNEIL AIRCRAFT COMPANY 
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MACH NUMBER 

optimum c r u i s e  speed va lues .  The maximum Mach number f o r  t h e  t u r b o t i p  and 

mec'lanical. Pan a i r c r a f t  i s  0.8 and 0.7 at 30,000 feet, r e s p e c t i v e l y .  Each 

a i r c r a f t  exhibits an a b s o l u t e  c e i l i n g  g r e a t e r  than 40,000 f e e t .  

2.3.3 f I S S I O N  CAPABILITY - RTA requirements f o r  the VTOL, STOL, and 

cruisa /endurance type  missions with 2500 I b  of payload were e s t a b l i s h e d  by 

t h e  design gu ide l ines  and a r e  shewn i n  Figure  2-18, The VTOL and STOL missions  

demonstrate t a k e o f f ,  conversion,  reconversion,  and landlng around an o v a l  

course .  The cruise /endurance miss ion demonstrates t h e  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  with a minimum requirement of two hours mission t i m e .  

Boz analysis  purposes,  t h e  mission t i m e  on s t a t io r :  was def ined as l o i t e r  plus 

c r u i s e  a t  optimum a l t i t u d e .  

The mission weights f o r  the  t u r b o t i p  and mechanical KTA are shown i n  

F igures  2-10 and 2-~11 and inc lude  O.IJ .E. ,  payload and f u e l  f o r  each mission.  

The f u e l  breakdown f o r  VTO and ST0 c i r c u i t s  for each RTA i s  presented i n  

Figures  2-19 through 2-22. The fuel breakdown inc ludes  warmup, c i r c u i t  f u e l  

MCQCPIblNhZLL AY.VCRAFT COMPANY 
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FIGURE 2-18 
TYPICAL VTOL AND STOt TEST MISSIONS 
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FIGURE 2-20 
TURBOTIP RTA 

ST0 MISSION FUEL BREAKDOWN 

. , . 4  ' r * 5% ,S€RViCG TOLERANCE O F  FUEL FLOW . . , . .-_ . ., , 
I . I - !  ; . . ; . . . . I  . 1 . , . 1~ . . . .  , . ~ . . . .  - . . 

FIGURE 2-21 
MECHANICAL RTA 

VTO MISSION FUEL BREAKDOWN 

N 7  
CIRCUIT TEST MISSION 

RESERVE : FIO\;FR AT CGW 1 4.0 
57; 5SERVlc.C TOLERANCE ON FUEL FLOW 
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FIGURE 2-22 
MECHANICAL RTA 

ST0 MISSION FUEL BREAKDOWN 

'it 
C!RCUIT TEST MiSSlON 

I TO,, CLlMD RccEL.To 2,0!4T,5HRUs~= 1.05 V T O ~ \ ~ (  1.0 I 

5% SEKVLCE TOLERANCE OF FUEL FCoW 

and reserves. When de te rmin ing  f u e l  l o a d  f o r  t akeo f f  and l a n d i n g  g r o s s  weight  

estimates, t h e  warmup f u e l  was assumed t o  be consumed p r i o r  t o  t a k e o f f .  The 

miss ion  p r o f i l e  used f o r  the c ru i se / endurance  mis s ion  i s  shown i n  F igure  2-23, 

The miss ion  performance f o r  t h e  t u r b o t i p  and mechanica l  RTA i s  p r e s e n t e d  

i n  Figures 2-24 and 2-25 r e s p e c t i v e l y .  The f u e l  tankage i n  t h e  RTA i s  sized 

f o r  t h e  two-hour miss ion;  however, adequa te  volume i s  available f a r  add i t i ona l .  

tanks. The miss ion  per formance  i s  shown f o r  a spec t rum of we igh t s  from t h e  

2 hour m i s s i o n  TOGW t o  a 32,000 lb TOGW which x e p r e s e n t s  a l o a d  f a c t o r  of 

2.0 g. A t  t h e  32,000 l b  TOGW w i t h  i n t e r n a l  f u e l ,  t h e  l o i t e r  o r  combined c r u i s e  

and l o i t e r  time on s t a t i o n  i s  approximate ly  f o u r  hours  f o r  either RTA, The 

maximum l o i t e r  t i m e  on s t a t i o n  f o r  a g i v e n  TOGW occurs a t  the cl imb d i s t a n c e :  

40 nm f o r  t h e  t u r b o t i p  RTA and 90 nm f o r  t h e  mechanical  RTA. Optimum c r u i s e  

and l o i t e r  a l t i t u d e ,  and Mach number performance as a Eunct ion .of  ave rage  weight  

i s  a l s o  presented .  

2.3.4 CONTROL I N  CROSSWIND - The RTA were  eva lua t ed  as t o  compliance w i t h  t h e  

requi rement  that 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 shall b e  

a v a i l a b l e  f o r  maneuvering after t h e  a i r c r a f t  i s  trimmed i n  a 25 k t  crosswind.  

MCClONlVELL AIRCRAFT CQMPANY 
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FIGURE 2-23 

F) CLIMB, INtEFlMEDlATE THRUST TO OPT ALT 
G) CRUISE RETURN, ALTlTUPElMACH OPT/OPT 

HI DESCEND, NO CREDIT OPT TO SL 
I) RESERVES 6% lNlTlAL FUEL+ 

Atl SFC lncrcnlcd 6% for Sarvico Tolcronea 

' 

FIGURE 2-24 
TURBOTIP RTA 

COhtPONENT 

A) WARMUP, T,O, ACCEL TO V,, SL llO.OaF 
Dl CL(MU, It4TERLlllCDtATE THRUST 
C) CRUISE OUT. ALTITUDEIMACH 
01 SESCEND, NO CREDIT 
Q LOtTEn, ALTITUDElhlACH 

AVG G.W.- 1000 LB 

DEPINlTlON 

2 112 MINVTO THAUST 
SL TO OPT ALT 

OPTIOPT 
TO LOITER ALT 

~ P T / O P T  
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LO IT€ 
TOS 

T.0G.W. - 1000 LB 
I 

2.5 LbAD 212 FACTOR 210 
AVG. G.W. - 1000 15 

The pr imary  sources  of t h e  f o r c e s  and moments i n  a crosswind are t h e  ram d rag  

e f f e c t  of  i n l e t  mass f lows  and aerodynamic l o a d s  on t h e  f u s e l a g e  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 moment occur  when t h e  f low i s  normal to t h e  

a i r c r a f t  p l a n e  of symmetry. F i g u r e  2-26 p r e s e n t s  t h e  c o n t r o l  required f o r  

trimming i n  a 25 E t crosswind a t  v a r i o u s  hover gross weight levels. The yaw 

c o n t r o l  i s  t h e  most critical; the t u r b o t i p  RTA c o n t r o l  s a t i s f i e s  t h e  requi rement  

whi le  t h e  mechanical  RTA shows 54 t o  58 p e r c e n t  of the  proposed c o n t r o l  i s  used 
f o r  trim. An increase i n  yaw c o n t r o l  through a small increase in l ift  and 

l i f t / c r u i s e  vane d e f l e c t i o n  i s  r e q u i r e d  t o  f u l f i l l  the  crosswind r equ i r emen t ,  

The  mechanica l  RTA l i f t / c r u i s e  i n l e t  l o c a t i o n  (approximately 5 f C  forward of  

the a i r c r a f t  C.G .) i s  the somce of a n  u n s t a b l e  moment due t o  r a m  d rag ,  a 

moment much l a r g e r  t han  f o r  t h e  t u r b o t i p  RTA s i n c e  i ts  l i f t / c r u i s e  i n l e t  i s  

r e l a t i v e l y  c l o s e  t o  the C . G .  



FIGURE 2-26 
RTA CONTROL REQUIRED - HOVER I N  25 KT CROSSWIND 

AIHEMFI' LTFT FAN 
CONPTOUUTLON CROSS YAW V t C l U R  

Turborip RTA 23,660 

34,842 4 L l  2.2 26 

Moctinnicnl RTA 24,228 651 4,G 58 

AIRCW --- 
TOT. S l l ) l  
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I . lp  CRUISE 
8 LIFT- 
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3 .  PROPULSION SYSTEMS 

3.1 TURBOTIP RTA 

3 .1 .1  CONFIGURATION - The t u r b o t i p  RTA propulsion system, i l l u s t r a t e d  i n  

Figure 3-1, cons i s te  of t h r e e  LCF459 t u r b o t i p  fans  d r iven  by t h r e e  i n t e r -  

connected YJ97 gas generatore .  These units provide both l i f t  and a i r c r a f t  

con t ro l  during VTOL, a long with h o r i z o n t a l  t h r u s t  for conventional wingborne 

f l i g h t .  A fueelage nose l i f t  f a n  and two over-the-wing mounted l i f t / c r u i s e  

fans ,  each wi th  t h e i r  own t h r u s t  vec to r ing  systems, produce the requ i red  l i f t  

f o r  VTOL operat ion.  A i r c r a f t  c o n t r o l  dur ing the powered l i f t  mode is obtained 

by u t i l i z i n g  the  Energy Transfer  and Control  (ETaC) concept, descr ibed in 

Report MDC A3440.  During conventional f l i g h t ,  t h e  t h i r d  engine and t h e  nose 

fan  a r e  s h u t  down, and t h e  l i f t / c r u i s e  f a n s  provide thrust f o r  h o r i z o n t a l  

f l i g h t .  

3.1.2 ENGINE ANZ) FAN DESIGN - The YJ97-GE-100 gas generator  i s  a single-spool 

t u r b o j e t  engine wi th  a 14-stage a x i a l  compressor and a two-etage tu rb ine .  

Geometric and i n s t a l l e d  performance c h a r a c t e r i s t i c s  are presented i n  Figure  3-2. 

The c u r r e n t  s t a t u s  and a v a i l a b i l i t y  of t h e  YJ97 a r e  descr ibed b r i e f l y  i n  

Figure  3-3. The 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, 

descr ibed i n  Repcrt MDC AJ.588, which demonstrated t h e  ETaC c o n t r o l  p r i n c i p l e  

and t h e  compat ib i l i ty  of t h e  YJ97 with t h e  ETaC system. 

The ~ ~ P 4 5 9  t u r b o t i p  fan i s  a 59 inch  diameter,  s ingle-s tage,  f i x e d  p i t c h  

fan with a design p r e s s u r e  r a t i o  of 1.319. It has a s ingle-s tage t u r b i n e  

mounted on the  fan  t i p ,  which e x t r a c t s  power t o  d r i v e  t h e  f a n  d i r e c t l y  from t h e  

gas genera to r  exhaust gases.  A schematic of t h e  f a n  and u n i n s t a l l e d  performance 

c h a r a c t e r i s t i c s  are presented i n  F igure  3-4. 

3.1.3 ENERGY TRANSFER AND CONTROL (ETaC) SYSTEM - Energy t r a n s f e r  and control. 

of t h e  power generated by the t h r e e  gas generators  i s  accomplished wi th  t h e  

gas in te rconnec t  ETaC system shown in Figure 3-5. The system i s  designed Co 

d i s t r i b u t e  the a v a i l a b l e  power t o  the l i f t  and l i f t / c r u i s e  f a n s  dur ing a l l  

modes o f  operat ion.  During STOL and VTOL operat ion the ETaC system d e l i v e r s  

gas power t o  each of t h e  th ree  f a n s  as 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  c o n t r o l .  Yaw c o n t r o l  i s  achieved w l t h  

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  the t h r u s t  vec to r ing  systems downstream of 

each fan. During wingborne o r  conventional f l i g h t  t h e  th. 'rd engine and nose 

fan are s h u t  down, and gas power i s  d e l i v e r e d  only t o  t h e  two l f f t / c r u i s e  fans .  

A t t i t u d e  con t ro l  i s  then accomplished wlth conventional aerodynamic a i r c r a f t  

WCDORINELL AIRCRAFT C Q M P A N W  
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FIGURE 3-1 
TURBOTIP RTA 

PROPULSION SYSTEM 

LI FT FAN 
VECTORING SYSTEM 





FIGURE 3-4 
LCF 459 rURBOTIP FAN DESIGN CHARACTERISTICS 

UNINSTALLED CHARACTERISTICS AT INTERMEDIATE 
S,L, STATIC, STANDAIU3 BAY 

Aero Design FPR 1.319 

Turbine Discharge Pressure R a t i o  1.19 

Pan Airflow, lb/sec 646 

Turbine Gas Flow,  lb/sec  70,54 

Thrust ,  Ib 14152 

Pan Diameter, in. 

Pan Weight, l b  

Thrust /Weight 
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FIGURE 3-5 
GAS RTA ETaC SYSTEM 

VAL VE 

c o n t r o l  su r faces .  I n  t h e  event of engine  f a i l u r e  o r  shutdown i n  either f l i g h t  

regime of any one of t h e  gas genera to r s ,  the ETaC system i s o l a t e s  t h e  f a i l e d  

engine from the  d i s t r i b u t i o n  system and continues t o  d i s t r i b u t e  the remaining 

gas horsepower t o  t h e  fans .  

The ETaC system used i n  this s t u d y  consists of two primary f low paths: 

s i d e  gas generator  t o  lift/cruise fan and t h i r d  engine t o  l i f t  fan, as i l l u s -  

t r a t e d  i n  Figure  3-5. I n  t h e  l i f t / c r u i s e  flow p a t h ,  t he  engine exhaust  firet 

passes through an i s o l a t i o n  va lve  (a simple butterfly va lve )  and then t o  the  

l i f t / c r u i s e  ETaC modulation valve. This va lve  is a t r f c t l y  a pressure  c o n t r o l  

device and is not requ i red  t o  s e a l  i n  t h e  c losed p o s i t i o n .  Downstream of the 

ETaC v a l v e  i s  a 1/3 s c r o l l  shutoff v a l v e  ( b u t t e r f l y ) ,  shown i n  Figure  3-6. 

The s c r o l l  employed i n  t h i s  study i s  referred t o  as t h e  Scrol l - in-Scrol l ,  which 



FIGURE 3-6 
SCROLL-IN-SCROLL CONCEPT 

(BASELINE DESIGN) 

c o n s i s t s  of an o u t e r  s c r o l l  (2/3 a r c )  and a n  Inner s c r o l l  (113 a r c ) .  During 

normal opera t ion  both  t h e  ETaC and 1/3 s c r o l l  v a l v e s  are open, t o  provide  100% 

arc admission, Following an engine f a i l u r e ,  t h e  1 / 3  s c r o l l  shu to f f  v a l v e  i s  

closed and only the  remaining 2 / 3  p o r t i o n  of t h e  s c r o l l  i s  u t i l i z e d .  

In t h e  l i f t  f a n  f low path,  t h e  t h i r d  gas genera to r  exhaust  f low is  d i r e c t e d  

down and forward by the d i v e r t e r  valve .  This v a l v e  i s  the same design an the  

General E l e c t r i c  d i v e r t e r  valve  used on the XV-5 except i t  i s  s l i g h t l y  larger. 

The gas flows forward p a s t  the in te rconnec t  duc t  t o  the  Ifft f an  ETaC/shutoff 

valve.  This valve s e r v e s  rs both  a p r e s s u r e  c o n t r o l  dev ice  i n  the  "V1' mode 

and a shu to f f  valve i n  c r u i s e .  The l i f t  f a n  s c r o l l  con ta lns  a 113 shu to f f  

valve identical  t o  the one i n  the l i f t / c r u i s e  fan s c r o l l s .  A s i m p l i f i e d  gas 

distribution s ; . ~ t e m  was devised just: p r i o r  t o  the  conclus ion of t h i s  s tudy,  and 

i s  described i n  Sect ion 3.1.8. 

The t o t a l  duct  and s c r o l l  p r e s s u r e  l o s s  t o  the  nose f a n  is  s l i g h t l y  g r e a t e r  

than that t o  the  l i f e / c r u i s e  fans; therefore, a larger nose fan r i p  t u r b i n e  



nozzle  area i s  required t o  achieve eqea l  f low d i s t r i b u t i o n .  Since  i d e n t i c a l  

l i f t  and l i f t / c r u i s r  t u r b i n e  nozzles were des i red ,  d iscuaeions  were he ld  wi th  

General E l e c t r i c  which rcsul . ted  i n  s i z ing  a l l  t i p  tu rb ine8  t o  the  required 

noec Enn a r e a  w i t h  a p r e s e t  on the  l i E t / c r u i a e  ETaC v a l v e s  t o  equa l i ze  t h e  

t o k a l  p reesure  losoes .  Equal flow t o  a l l  t h r e e  f a n s  was achieved but  a t  a c o s t  

of approximately 2.4% t h r u s t  l o s s  when compared t o  a gas d i s t r i b u t i o n  system 

without t h e  va lve  p r e s e t .  General Electric has r e c e n t l y  developed a  method, 

Sect ion 3.1.8,  which e l i m i n a t e s  the  need for the  va lve  preset and t h e  a t t endan t  

t h r u s t  l o s s .  

3.1.4 THRUST VECTORING AND THRUST MODULATION SYSTEMS - The l i f t  and l i f t / c r u i s e  

fans  are each equipped w i t h  thrust: v e c t o r i n g  and Thrust  Reduction l lodhlation 

(TIM) systems.  Thruot d i r e c t i o n  i n  t h e  a i r c r a f t  v e r t i c a l  p lane  i s  mechanically 

c o n t r o l l e d  such t h a t  dur ing  v e r t l c a l  t akeof f  through t r a n s i t i o n  t o  wingborne 

f l i g h t ,  large thrus t*  p i t c h i n g  moments are avoided by proper  t h r u s t  vec to r ing ,  

l eav ing  f u l l  p i t c h  c o n t r o l  a v a i l a b l e  a t  any powered f l i g h t  condi t ion.  Thrust  

is a l s o  vectored t r a n s v e r s e l y  (s ide f o r c e )  f o r  yaw control dur ing powered l i f t  

mode. Thrus t  modulation devices  reduce the t h r u s t  a t  any one o r  two of t h e  

three fans  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  fan  nozz le  and i t s  a s s o c i a t e d  funct ion0 a r e  shown i n  F igure  3-7, 

L a t e r a l  l o u v e r s  vec to r  exhaust flow from 40" t o  105' from h o r i z o n t a l .  Longitu- 

d i n a l  vanes  vec to r  t h e  exhaust  flow t r a n s v e r s e l y  f o r  yaw con t ro l .  TRM is  

achieved.by r o t a t i n g  a d j a c e n t  louvers i n  c p p o s i t e  d i r e c t i o n s ,  as was done on 

the  XV-5, t o  s p o i l  nose  f a n  t h r u s t .  The l o n g i t u d i n a l  vanes func t ion  a s  c l o s u r e  

doors a f t e r  convers ior~ t o  aerodynamic f l i g h t .  The fan i s  t i l t e d  fornard 15" 

t o  improve 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  required 

i n  the  v e r t i c a l  plane.  MCATR s t u d i e s  show t h a t  reduced time, f u e l ,  and exposure 

t o  engine  f a i l u r e  dur ing  takeoff  and l and ing  reault w i t h  th is  v e c t o r i n g  system 

when compared t o  a s i m i l a r  a i r c r a f t  wi thout  a nose f a n  vec to r ing  system. 

A s i g n i f i c a n t  amount of in-house and NASA-funded devel.oprnenta1 t e s t i n g  

has been conducted on t h e  MCAXR design "D" vented thrust: vec to r ing  nokzle.  Th i s  

nozzle  conf igura t ion  i s  i l l u s t r a t e d  i n  F igure  3-8 i n  each o f  i t s  primary 

f u n c t i o n a l  modes, high speed crcise, l o w  speed c r u i s e ,  l o n g i t u d i n a l  vec to r ing ,  

yaw v e c t o r i n g ,  m d  t h r u s t  reduct ion modulation. The designation, I'D" vented,  

i s  used p r imar i ly  t o  i d e n t i f y  the  shape of the nozz le  exit i n  i t s  cruise and 

VTO 1:osit ions and the open o r  "vented" lower elbow corner  which i s  formed i n  

t h e  VTO pos i t ion .  The ven t ing  f e a t u r e ,  on t h e  b a s i s  of MCAIR smll s c a l e  and 

&9CDWWAELb AIRCRAFT COMPAtU V 

29 



bZDC A4551 
VOLUME I 

FIGURE 3-7 
TURBOTIP RTA 

FORWARD FAN NOZZLE FUNCTIONS 

TllRUST HODULATIOH 

SM AND TRANSITION 

FIGURE 3-8 
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NASA-funded l a r g e  s c a l e  t e s t  r e s u l t s ,  provides  entrainment of ambient a i r  i n t o  

the  lower elbow corner  region of t h e  .ozz%e flow and r e s u l t s  i n  improved 90' 

vec tor ing  perf  ornmnce aver  t h a t  of a n  unvented design.  

3.1.5 PROPULSION SYSTEM PERFORLWCE 

VTO Performance - Pigure  3-9 summarizes th ree  engine,  normal pcl:,sred l i f t  

performance. These .data i n d i c a t e  t h a t  

(1) The thrust /weight  r a t i o  a t  in te rmedia te  power, based on 5 VTO c i r c u i t s  

of f u e l ,  i s  1.45. This means t h a t  the  engines  ~ n d  fans can be run 

at s u b s t a n t i a l l y  reduced power s e t t i n g s  f o r  a  T/W = 1.05 takeoff 

condi t ion,  

(2) When operat ing a t  these  reduced power s e t t i n g s ,  t h e  r e s u l t i n g  exhaust 

gas temperatures (1200 - 1250°F) a r e  similar t o  t h e  opera t ing  tempera- 

tu res  used i n  t h e  XV-5 program. 

Engine out  performance is shown i n  Figure  3-10. Again, as w i t h  the normal 

r a t f n g s ,  in termediate  power provides excess  t h r u s t  margin. Therefore ,  a t  the  

required t h r u s t  t o  weight of 1.03, reduced power and reduced exhaust gas 

temperatures r e s u l t .  I n  a d d i t i o n ,  t h e  Intermediate  Dry r a t i n g  provides  ade- 

quate  l f f t  t o  i n s u r e  complete engine ou t  s a f e t y  f o r  a 5 c i r c u i t  VTO mission. 

Addi t ional  VTOL and cruii je performance, ram drag c h a r a c t e r i s t i c s ,  component 

geometric desc r ip t ions ,  and o t h e r  d e t a i l e d  da ta  i s  provided i n  Appendix 8 .  

Control  Performance - A summary of conr ro l  performance i s  presented i n  

Figures  3-11 and 3-12. Three engine VTO c o n t r o l  performance, Figure  3-11, 

shows t h e  considerable excess c o n t r o l  margin a v a i l a b l e .  The cross-hatched 

a reas  des ignate  required c o n t r o l  margin and, as shown, a d d i t i o n a l  c o n t r o l  margin 

is  a v a i l a b l e ,  i f  d e s i r e d ,  f o r  more ex tens ive  a i r c r a f t  f l i g h t  r esea rch .  A l s o ,  

t he  excess ava i l ab le  t h r u s t  means t h a t  t h e  a h c r a f t  can be loaded up t o  approxi- 

mately 32,000 l b  (2  g limit) f o r  a d d i t i o n a l  STOL resea rch .  S imi la r ly ,  f o r  

engine out operat ion,  Figure  3-12 i l l u s t r a t e s  s i g n i f i c a n t  excess c o n t r o l  margin 

a t  T/W = 1.03. Also, t h e  a p p l i c a t i o n  of required c o n t r o l  r e s u l t s  i n  only a 

very smal l  change i n  f a n  speed f o r  both  normal and engine o u t  operat ion.  

Engine and Fan Operating Condit ions - Figure 3-13 s h o w  engine opera t ing  

c h a r a c t e r i s t i c s  as represented by the YJ97 conpressor map. A t  hover,  a 22.5% 

engine s t a l l  margin e x i s t s ,  dropping t o  20.0% f o r  maximum c o n t r o l  operat ion.  

Addi t ional  s t a l l  margin is  a v a i l a b l e  by lowering t h e  opera t ing  l i n e ,  which 

would r e s u l t  i n  a s l 5 g h t  decrease  Ln l i f t .  
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Fan opera t ing  c h a r a c t e r i s t i c s  a r e  d isplayed on t h e  LCF459 fan map, 

Figure  3-14. General E l e c t r i c  s e l e c t e d  the opera t ing  l i n e  t o  provide  a con- 

stant 18% s t a l l  margfn. For n o r m 1  and engine out opera t ion ,  the fant are 

opera t ing  a t  considerably  reduced speed. A s  with the engine o p e r a t i n g  l i n e ,  

n s l i g h t  decrease  i n  l i f t  can b e  exchacgcd f o r  a l a r g e  i n c r e a s e  i n  stall margin. 

3.1.6 COMPONENT DESIGN GUIDELINES - I n t e r n a l  and e x t e r n a l  geometry, inlet 

a ~ e a s ,  and total p r e s s u r e  recovery for t h e  s i d e  and t o p  gas genera to r  z n l e t s  

a r e  shown i n  Figures 3-15 and 3-16, r e s p e c t i v e l y .  Figure 3-17 presents similar 

design gu ide l ines  f o r  the nose fan u n i t ,  and Figure  3-18 f o r  t he  lift/cruise 

u n i t .  A l l  i n le t s  were s i z e d  t o  provide  a t o t a l  p r e s s u r e  recovery 2.988 f o r  

s t a t i c  opera t ion .  Auxiliary F n l e t s  were n c t  required f o r  t h e  RTA. 

FIGURE 3-9 
TURBOTIP RTA 

(3) YJ97-GE-100/ ( 3 )  LCF 459 FANS 
NORMAL POWERED LIFT 

INSTALLED VTOL PROPULSION SYSTEM PERFORMANCE 
SLS, 89.a°F 

I 
- 

POWER RfiTINGS 

I MAX DRY 
(T/W = 1 .48)* 

UP M 
T I T  
EGT 
EGP 

2 
wa 
H;iO/Wa 

RPM (FWD) 

&NGG 

" F 
p s i a  
LBISEC 
L a / m  
LB/SEC 
% 

1 TOTAL PROPULSION SYSTEM I 

L I 
*5 CIRCUITS FUEL 

INT.  DRY 
(T/W = 1 . 4 5 ) *  

1101.51 
rn 
50.42 
65.77 

4627 
64.81 

0 . 0  

93.7 
193.71 

565.39 
565.39 
12276 
121 54 

1365841 
13881 

.379 

REDUCED 
POWER 
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F I G U R E  3-10 
TURBOTIP  RTA 

( 3 )  v397-GE-100/(3) LCF 459 FANS 
ENGINE OUT L IFT RATINGS 

INSTALLED VTOL PROPULSION SYSTEM PERFORMANCE 
SLS,  89.8OF 

I Power Ratings 

*2 Circuits Fuel 
- - - - - -- - .  

FIGURE 3-1 1 
TURBOTIP  RTA 

INSTALLED CONTROL PERFORMANCE FOR THREE ENGINE VTO OPERATION 
( 3 )  Y~97-GE-100/(3) LCF 459 FANS 

SEA LEVEL, 89.8"F 

Parameters 

Gas Generator 
RPM NGG 
TIT F 
EGT O F  

EGP p s i a  
lb/sec 
lb/hr 

wa l b l s e c  
H20/Wa % 
H20 1 blsec 

Fans - 
RPM Fwd % NF 
RPM L/C 
Wa [ F w A  ! ~ Y ~ E C  
Wa L/C lb/sec 

Total Propulsion System 
L i f t  I b 

1 b/ hr 
:fft IR lb /hr -1  b 

GROSS WEIGHT = 25286 LB ( 5  C I R C U I T S  FUEL) 

SYSTEM O P E W T I N G  CHARACTERISTICS ONE LIFT/CRUISE FAN THRUST 

Reduced Power 
(T/W = 1 . 0 3 ) ~  

46.92 
63,04 
4'47 
61.89 

0.0 
0.0 

474.3 
474.3 

81 78 
8096 

[20,370] 
8294 

.340 

Emergency 

(t/il = 1 ,28)* 

1107.01 
~J~OI~J 

54.47 
68.08 , 
5468 
66.90 
0.0 
0.0 

86.1 
EKJ] 
520.82 
520.82 
10,156 
10,055 

13q,261ij 
10,936 

,361 

% NGG - PERCENT GAS GENERATOR SPEED - I RPM 

MCQLDNJWELb WdRC(RAIF'h C ~ ~ p A w W  

Intemdiate 
Dry 

(T/W = 1.13)* 

cm 
49.79 
65.70 
4570 
64.76 

0.0 
0.0 

81.6 
[81.61 
436.2 
496.2 

8955 
8066 

j26,6811 
91 40 

.342 
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FIGURE 3-12 
TURBOTIP RTA 

INSTALLED CONTROL PERFORMANCE FOR ENGINE OUT VTO OPERATION 
(3) Y~97-GE-100/(3) LCF 459 FAN SYSTEM 

SEA LEVEL, 89.8"F 
GROSS WEIGHT = 23660 LB ( 2  C I R C U I T S  FUEL) 

SYSTEM OPEMTlNG CHARRCTERIST1CS ONE LIF'T/CRUISE FAN THRUST 

94 96 95 100 102 104 106 105 
% NGG - PERCENT GAS 

94 96 98 100 102 104 106 108 
GENEMTOR SPEED - X RPM 

FIGURE 3-13 
TURBOTIP RTA 

ENGINE OPERATING CONDIT IQYS 
NDRWL OPERATION MN( CONTROL OPERATION 

PR = Compressor pressure rnc io  

WCDONNELL AIlPC1RAFT COMPANY 
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FIGURE 3-1 4 
TURBOTIP RTA 

FAN OPERATING CONDITIONS 
STALL MARGIN = 18% 

NORMAL OPERATION MAX COhTRDL OPERATION 

Why q / 0 r 2  - CORRECTED AIRFLOW - LUlSEC 

1.4 

2 1.3- 
z 
: 1.2 
2 
3 

1.1 

1.0 

PR - Fan pressure r a t i o  

Wncorr " 6 f 6 t 2  

- 

STANDARD OPERATING LINE 
- 

- 

MCQWMMtt 'CL  AIRCRAFT COMPANY 

3 5 

2 0 0  300 4 0 0  5 0 0  6 0 0  700 
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FIGURE 3-1 5 
GAS GENERATOR S I D E  INLET DESIGN GUIDELINES 

- MAX INTERNAL WALL ANGLE (Om) " 5'  nC . 5  LD - CONTRACTION PATIO (1111L/RT11)2 1 . 4 0  - INLET L I P  CONTOUR 2:1 ELLIPSE - INTERNAL DUCT CONTOUZ = C U ~ I C  CONTOUR 
- DlFFUSLIt LENGTll R t J I O  (LnlDd - 1.39 -- - ENGINE: FACE DIA!ETER (D~)" - 20.15 IN. 

o EXTERNAL CEOMEl'ii'i 

- L I P  LEADING EDGE MBIULi (ELLE) " b2/a 
- COWL CONTOIIR DAC-3 SHhPE 

o INLET M E A S  

- AHL P 2.688 FT2 - AT, P 1.920 FT2 

0 INLET STATIC PERFORMANCE - PRESSURE RECOVERY 1 .988 
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FIGURE 3-16 
GAS GENERATOR TOP INLET DESIGN GUIDELINES 

(FOR 3RD E N G I N E )  
o INTERNAL GEOHF,TRY 

- MAX INTERNAL WALL ANGLE (Om) = 9' nt .5 LD 
- CUNTMCTION FiATIO (RI{L/RTH)Z " 1.40 - INLET L I P  CONTOUR * 2 : l  ELLIPSE 
- INTERNAL DUCT CONfOUn = CUUIC CONTOUR 
.- DiFFUSLtt  LENGTli lMTIO (LD/DE) - .50 - ENGINE FACE DIAIETER (Dg) 20.15 IN. 

- L I P  LEADING EDGE MDIUS (RLE) - bZ/n - COWL CONTOUR DAC-3 SlMPE 

o INLET AREAS 

o INLET STATIC PERFORMANCE - PRESSURE RECOVERY 2 .988 

FIGURE 3-17 
TURBOTIP RTA 

NOSE FAN UNIT DESIGN GUIDELINES 

- INLET L I P  CONTOUR 1.4181 ELLIPSE - CONTRACTION RATIO = 1.84 

0 INLET AREAS 

(1 INSTALLED S T A T I C  P E R P O W C E  
- INLET RECOVERY >- .988 
- NOZZLE THRUST COEFFICIENT = 0.95 

o VECTORING REQUIREMENTS 
- I\RTI.CULATING VANES: 40' 5 O 5 105' - YAW VANES: %Go 

ORIGINAL PAGE JS 
OF POOR QUALpplli 



FIGURE 3-18 
TURBOTIP RTA 

LIFT/CRUISE UNIT DESIGN GUIUELINES 
o INTERNAL GEOMETRY o EXTERNAL GEOMETRY 

- MAX INTERNAL WALL ANGLE ( 0  A X )  7" . 5  LO - cowl s a r c s ~ ~ s s  RATIO (RH /RMAX) = . ~ 5  - I N L E T  L I P  THICKNESS RATIO ' ! Y / R ~ ~ )  .: .10 - COWL F I N E N E S S  RAT10 [LCI\R%X - RHL)] 0 6.0 - INLET L I P  CONTOUR - 2 ; l  FLLIPSE - COWL CONTOUR UAC-3 - L I P  LEADING EDGE RROIUS (RLIP) = no5 RHL - DRAG R I S E  MACH NUMBER 0 , B O  - IIITERNAL DUCT CONTOUR = CUBIC CONTOUR 

o INSTAI.LED S T A T I C  PERFORMANCE 

- I I ILET RECOVERY i? 0.988 
- NOZZLE THRUST COEFFICIENT = 0.94 

o INLET AREAS 

- THROAT a 14.5 F T ~  - HIGHLIGHT - 18,13 FT? 

3.1.7 INSTALLATION FACTORS - A summary of propuls ion system i n s t a l l a t i o n  

fackors f o r  VTO opera t ion  i s  shown i n  Figure  3-19, along with  the l i f t :  allow- 

ance assoc ia ted  wi th  each f a c t o r .  I n  a d d i t i o n  t o  previously  discussed 

allowances, General Electrfc included a 3% ne t  t h r u s t  derate in their data.  

By d i r e c t i o n  of NASA, ground e f f e c t s  and r e i n g e s t i o n  allowances were n o t  con- 

s ide red  f o r  t h i s  study. 

Conventional f l i g h t  i n s t a l l a t i o n  f a c t o r s  are presented i n  Figures  3-20 

and 3-21. The l i f t / c r u i s e  ETaC va lve  p r e s e t  was removed f o r  conventional f l i g h t ,  

thus dropping the compressor operz t ing  l i n e ,  and r e s u l t i n g  i n  a s l i g h t  decrease  

i n  in te rmedia te  power t h r u s t ,  relative t o  a system w i t h  a smaller t i p  tu rb ine  

a rea  and no valve p r e s e t .  

3.1.8 G E N E W  ELECTRIC DESIGN CHANGES - J u s t  p r i o r  t o  t h e  conclusSon of t h i s  

study, General E l e c t r i c  s i m p l i f i e d  the s c r o l l  des ign,  revised the method f o r  

achieving equal f l o w  d i s t r i b u t i o n ,  and rev i sed  f a n  and engine weights.  However, 

these  changes were n o t  received i n  t i m e  t o  be included in t h i s  study. The 

changes and their impact on performance and weight are discussed below. 

o The new s c r o l l  des ign ,  r e f e r r e d  t o  as the Valve-in-Scro!l, i s  shown 

schematically i n  Figure 3-22. When compared w i t h  t h e  b a s e l i n r  design, 

MCDORIIVELL AIRCRAFT COMPANY 
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FIGURE 3-1 9 
TURBOTIP RTA 

PROPULSION SYSTEM I N S T A L L A T I O N  FACTORS 
VTO OPERATION 

COPJ'ONENT lNSTALLATION LOSS Il4STALLATION FACTOR TOTAL L I F T  ALLOWANCE(3) 

GAS GENERATORS 
I N L E T  PRESSURE RECOVERY 
COMPRESSOR BLEED 
HORSEPOWER EXTRACTION 

L/C FANS 
I N L E T  PRESSURE RECOVERY 
HORSEPOCIER EXTRACTION 
NOZZLE THRUST COEFFICIENT 

NOSE FAN 
INLET PRESSURE RECOVERY o. gas 1.30 
NOZZLE THRUST COEFFICIENT 0 . 9 5 0  1.67 

INTERCONNECTING DUCTING 
L /C  FAN DUCT PRESSURE LOSS 
NOSE FAN DUCT PRESSURE LOSS 
SCROLL PRESSURE LOSS 

ADDITIONAL PERFORMANCE ALLOWANCES 
THRUST DERATE 3%(2)  3 .00  
GROUND EFFECTS/REINGESTIBN 0% - 0.00 

24.89% 
(1) BASED ON PRESET ETaC VALVE ANGLE ( d P  = 6.1%) 

. APPROACH FOR TRIMMING L l  F T  

( 2 )  SUPPLIED BY ENGINE CO. 

(3) BASED ON INSTALLED L I F T  OF 26550 LD 

- . -- - - - -- . - . - .- 
F IGURE 3-20 
TURBOTIP RTA 

PROPULSION SYSTEM I N S T A L L A T I O N  FACTORS 
CONVENTIONAL F L I G H T  

COMPONENT 
I N S T A L L A T I O N  LOSS 

GAS GENERATORS 
I N L E T  PRESSURE RECOVERY 
COMPRESSOR BLEED 
HORSEPOWER EXTRACTION 

L/C FANS 
I N L E T  PRESSURE RECOVERY 
HORSEPOWER EXTRACTION 
NOZZLE THRUST COE FF I C I  ENT 

INTERCONNECTING DUCTING 
L/C FAN DUCT PRESSURE LOSS 
NOSE FAN DUCT PRESSURE LOSS 
SCROLL PRESSURE LOSS 

NOMINAL 
I N S T A L L A T I O N  FACTOR 

SEE FIGURE 3-21 
1 % 

25 HP/ENG 

SEE FIGURE 3-21 
25 HP/FAN 

.98 

A D D I T I O N A L  PERFORMANCE ALLOWANCES 
THRUST BERATE 3% 
ENGINE BAY VENTILATION AND ECS DRAGS (a)  , 

NOTE: (a )  10% OF INTERMEDIATE POWER GAS GENERATOR RAM DRAG AT ALL 
MACH/ALTITUDE/POWER SETTINGS 

MCDWMPJELL ARRCffAFT COMPANY 
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FIGURE 3-21 
GAS RTA 

ESTIMATED INLET TOTAL PRESSUKE RECOVERY 
CONVENTIONAL FLIGHT 

0 0.2 0.4 0.6 0 .8  1.0 

FLIGHT MACH NUMBER' 



FIGURE 3-22 
VALVE-IN-SCROLL CONCEPT 

t h e  inner  s c r o l l  i s  replaced by a 120" a r c  wi th  a w a l l  on one e,nd and 

a  shutoff  valve on t h e  o t h e r .  The ETaC va lve  remains a p ressure  

con t ro l  dev ice  only-  

o General E l e c t r i c  a l s o  devised a new method f o r  ob ta in ing  equal  flow 

d i s t r i b u t i o n .  By i n s t a l l i n g  t h e  t u r b i n e  s t a t o r  nozzles  i n  t h e  l i f t  

f a n  a t  - ' i g h t l y  d i f f e r e n t  ang le  than thoee i n  t h e  l i f t / c r u i s e  fan, 

a larg: . i t  f a n  tu rb ine  s t a t o r  nozzle e f f e c t i v e  srea can be a t t a i n e d .  

T h i ~  method obv ia tes  the need f o r  the Z i f t / c r u i s e  ETaC va lve  p r e s e t  

and reaoves i t s  accompanyirig t h r u s t  penal ty .  

o  The f a n  weight increased because General E l e c t r i c  s e l e c t e d  l e s s  

expensive materials t o  reduce c o s t .  

I n  add i t ion  t o  t h e  items l i s t e d  above, t h e  engine weight decreased because 

the  o r i g i n a l  weight included t h e  exhaust nozzle ,  which i s  n u t  required i n  

MCAIR's i n s t a l l a t i o n .  The impact of t h e s e  changes on performance has baen 

assessed  and i s  shown i n  Figures 3-23 and 3-24. The most s i g n i f i c a n t  change 

is a 4.24% i n c r e a s e  i n  engine out  l i f t ,  which t r a n s l a t e s  t o  an i n c r e a s e  of 

1132 pounds a t  In termediate  power. 



FIGURE 3-23 
TURBOTIP RTA 

EFFECT OF GE CHANGES ON P.!RCRAFT PERFORMANCE AND WEIGJIT- 

TOTAL WEIGHT CHANGE = PU 4 

COMPONEHT 

YJ97 

F I G U R E  3-24 
TURBOTIP RTA 

EFFECT OF GE CHANGES ON A IRCRAFT PERFORMANCE 
INTERMEDIATE POWER, DRY 

PRESSURE LOSS 
FACTOR 

o L /C  ETaC VALVE 

0 SCROLL 
- NORMAL 360" OPER. 
- LNG, OUT 240" OPER.  

L I F T  ALLOWhtiCE I " )  
tIORMAL I LNG. OUT 

WEIGHT PER UNIT (Lb)  

*5 C I R C U I T S  FUEL 
**Z C I R C U I T S  FUEL 

TOTAL L I F T  ALLOW. 

TOTAL L I F T  CHAfiGE = 

VALUE ( 2 )  

OASEL I NE 

7 39 

OPERATING 
CONDIT'QN 

NORMAL 

ENGINE OUT 

3 . 2  MECWXC,4L ETA 

3.2.1 CONFIGURATION - The  mechanical RTA propu1.sion system, shown i n  F igu re  3-25, 

c o n s i s t s  of  r h r e e  D e t r o i t  Diesel A l l i s o n  (DDA) XT701 t u r b o s h a f t  engines, two 

BASELINE 

7 .3  

5,U 

5.0 - 

DASELI I IE  

2,92 

3.0 
- - -  - 

CURRENT 

719 , 

supercharged  and one non-supercharged, and three v a r i a b l e  p i t c h  mechanica l ly  

d r i v e n  fans. As w i t h  t h e  t u r b o t i p  RTA, the nose  lift f a n  and two over-the-wing 

mounted l i f t / c r u i s e  fans produce t h e  r e q u i r e d  L i f t  f o r  VTOL o p e r a t i o n .  A i r c r a f t  

c o n t r o l  du r ing  t h e  powered l i f t  mode is achieved by u t i l i z i n g  v a r i a b l e  f a n  

CURRENT 

1 , 2  

2 .9  
2.0 

CURREIIT 

.48 

1 +74 
- - - - 

B A S E L I N E  

2.92 

--.- 
3.0 

b lade  p i t c h  and power t ransfer  betwccn fans. During conven t iona l  f l i g h t ,  t h e  

t h i r d  eng ine  and t h e  nose  f a n  are shut down and t h e  l i f t / c r u i s e  f a n s  p rov ide  

th r r l s t  f o r  h o r i z o n t a l  E l i g l ~ t .  

5.92 2.22 

[.3;q 

CURREliT 

.40 

- --  
1.20 

BASELINE DESIGN 

MCDOiWNELL klRCi%AFT COMPANY 

42 

5.92 1.64 

1+4.24] 

LIFT (LB)  

36,584 

26,687 

THRUST 
INCREASE (LB) 

1354 

11 32 

T / ~  

1.45" 

1.13** 

CURRENT GE DESIGN 
LIFT (LB) 

37,938 

27,819 

T /  W 

1 + 5C* 

1.18** 



FIGURE 3-25 
MECHANICAL RTA PROPULSION SYSTEM 

XT 701 ENGINE 

62 IN, VARIABLE 

LlG FAN INLET 

L/C VECTORING 

FT FAN 
INLET 

TRANShlISSION AND CLU 

LIFT FAN VECTGRI NG 
SYSTEM or76 0 ~ 9 3 . 6 0  

3 . 2 . 2  ENGINE AND PAN DESIGN - The XT701 t u r b o s h a f t  eng ine  i s  a s ing le - spoo l  

design w i t h  a 12-stage a x i a l  compressor, a two-stage h igh p r e s s u r e  t u r b i n e ,  

and a k~o -s tage  low p r e s s u r e  t u r b i n e .  P h y s i c a l  c h a r a c t e r i s t i c s  and u n i n s t a l l e d  

performance c h a r a c t e r i s t i c s  a r e  p re sen ted  i n  F i g u r e  3-26. Engine testing 

accomplishments and a v a i l a b i l i t y  are d e s c r i b e d  i n  F i g u r e  3-27. 

The 62-inch Hamilton Standard (HS) v a r i a b l e  p i t c h  f a n  i s  a s i n g l e  s t a g e ,  

1.20 p r e s s u r e  r a t i o  design.  The v a r i a b l e  p i t c h  c a p a b i l i t y  a l lows  fan t h r u s t  

t o  be modulated w i ~ h o u t  changing f a n  speed .  A schemat ic  o f  t h e  nose  f a n  a long  

with i n s t a l l e d ,  t r o p i c  day, static performance is shown i n  Figure 3-28. 

The l i f t / c r n i s e  p ropu l s ion  u n i t ,  - . - . ferred tc by DDA as PD370-25A, cons i s t s  

of a 62-inch variable p i t c h  fan connected by a r e d u c t i o n  gear t o  an XT701 

t u r b o s h a f t  engine. F i g u r e  3-29 includes a schemat ic  of t h e  l i f t / c r u i s e  u n i t  

t o g e t h e r  w i t h  a v a i l a b l e  uninstalled performance c h a r , i c t e r i s t i c s .  
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F IGURE ' 3-26 

X T l O l  l 'U l { t lOSl lArT l . N G I  Nl-  

UNINSTALLED ENGINE CHARACTERISTICS 
S.L.S., 59°F 
INTERMEDIATE 

NGG, %RPM (RPM) 100.0 (15049) 
CPR 12.3:1 
AVG. PR/STAGE 1.21 
WAGG, LB/SEC 
T I T ,  O R  

EGT, " R  
SHP 
Id@';, LB/SEC 
Wf, LB/HR 
WEIGPT, L B  

FIGURE 3-27 
XT701-AD-700 ENGINE DEVELOPMENT TESTING ACCOMPLISHMENTS 

LOWPONENT TESTS : OVER 50 DIFFERENT TESTS 

COMPRESSOR R I G  TESTS: 2 CONFIGURATIONS - 104 HR. 

TURBINE t1OT CASChnE: 1 CONFlGURnTION - 8 HR, DURN 
15 HR, A I R  

COMBUSTOR RIG TESTS: 8 CONFIGURATIOIJS - 111 HR. BURN 
349 HR. A I R  

ENGINE TESTS: 1 4 3 2  HR. TOTAL 581 HR. ENDURANCE 

COMPLETED 30 IiOUR PROTOTYPE PRELIMINARY FLIGHT RATING TEST MARCH 1 9 7 5  

COMPLETED 60  HOUR SAFETY DEMONSTRATION TEST AUGUST 1 9 7 5  

501-M62 ENGINE DEVELOPMENT TESTINL  ACCOMPLISHMENTS 

ENGINE DEVELOPMENT AND ACCEPTANCE TESTING 496 HR. 

BOEING VERTOL OSTR TESTING 418 HR. 

TOTAL Z i l lM62  & XT701-AD-700 ENSINE TEST TIME 2346 HR.  

ENGINES AVAiLABLE FOR RTA PROGRAM: 5 (IN ARMY INVENTORY) 

ICQCQORTMEU-L A I W C R A  FT COMPANY 
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FIGURE 3-28 
MECHANICAL RTA 
NOSE FAN UNIT  

INSTALLED DESIGN C!IARACTERI S T I C S  
S . L . S . ,  90°F 

I NTEMIEDIATE DRY 

FAN UIA.. I N  62 

v~Y;;  FT/SEC 932 
WFAN, i.B/SEC 597.8 
WEIGHT. NOSE FAN,  LO 1 0 4 7  
FAN THRUST, L B  9461 
TIIRUST/WE IGHT 9,04 
Ad FANl  DEGREES - 4 
tip REQ' D 61 59 

FIGURE 3-29 
MECHANICAL RTA PROPULSION SYSTEM 

LIFTlCRUISE UNIT 

UNINSTALLED PERFORMnNCE CWARACTERISTICS 
S . L . S . .  59°F 

COMPRESSOR PRESSURE R A T I O  12.3  
O V E M L L  PRESSURE M T I O  14.8 
WEIGHT, (L/C U N I T ) ,  LB 2 3 6 1  

3 . 2 . 3  POWER TRANSMISSION SYSTEH - The power t ransmiss ion system transfers 

horsepower between the engines and fans, via mechanically l inked shafts and 

gearboxes, as shown in Figure 3-70. The supercharged turboshaft engines pro- 

vide horsepower t o  the  lift/cruise fans through a reduction gear, and t o  a 

c e n t r a l  combiner gearbox and clutch assembly through the same reduct ion gear 

and a right angle, power takeoff gear. Tbe center, non-supercharged engine, 

a l s o  feeds in to  the combiner gearbox. A sha f t  from the combiner box runs 

forward to the nose, then through a right angle gearbox t o  drive the l i f t  fan 

E-%&*QOrWWEL L AlWCRAF T COMPANY 
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FIGURE 3-30 
MODEL 260-RTA-2 

PROPULSION SYSTEM 

Tbe t r ansmis s ion  sys tem i s  des igned t o  d i s t r i b u t e  t h e  a v a i l a b l e  power t o  

t h e  l i f t  and l i f t l c r u i s e  f a n s  du r ing  a l l  modes of o p e r a t i o n .  During STOL and 

VTOL o p e r a t i o n  t h e  sys tem d i s t r i b u t e s  power t o  each f a n  as  necessa ry  t o  produce 

ba lanced l i f t  and p i t c h  and r o l l  a t t i t a d e  c o n t r o l .  Yaw c o n t r o l  i s  achieved 

w i t h  l a t e r a l  thrust d e f l e c t i o n  vanes  i n  the t h r u s t  v e c t o r i n g  sys tems downstream of 

each f a n .  A f t e r  conversiot l  t o  wingborne f l i g h t ,  t h e  t h i r d  eng ine  and nose 

f an  are shut down, and power is d e l i v e r e d  only  t o  t h e  two l i f t f c r u i s e  fans .  

A t t i t u d e  c o n t r o l  i s  then  accomplished w i t h  conven t iona l  aerodynamic c o n t r o l  

surfaces. I n  the  even t  of engine  f a i l u r e  or  st.u~down of any one of t h e  engines ,  

du r ing  VTO o r  conven t iona l  f l i g h t ,  t h e  t r ansmis s ion  system d i s t r i b u t e s  t h e  

remaining horsepower p r o p o r t i o n a t e l y  t o  each of t h e  f a n s  t o  ma in ta in  balanced 

lift and c o n t r o l .  

3 .2 .4  THRUST VECTORING AND THRUST MODULATION 5YSTEMS - The l i f t  and l i f t /  

c r u i s e  f a n  t h r u s t  v e c t o r i n g  systems are e s s e n t i a l l y  t h e  same as t h o s e  pre-  

v i o u s l y  desc r ibed  f o r  t h e  t u r b o t i p  p ropu l s ion  sys tem and i l l u s t r a t e d  i n  

F igures  3-7 and 3-8. The primary d i f f e r e n c e  i s  t h a t  TRM i s  n o t  required on 

the  mechanical  system, due t o  t h e  v a r i a b l e  p i t c h  c a p a b i l i t y .  



3 .  2.5 PIIOPVLS LON SYS'I'BM L' I i l lFOIWCI;  - 
VTO Performance - I n s t a l l e d  VTOL perfortnance is summarized i n  F igure  3-31. 

For normal, t h r e e  eng ine  o p e r a t i o n ,  i n t e r lned ia t e  power p rov ides  c o n s i d e r a b l e  

excess  Cllrust (T/IJ = 1 .25 )  for o Five  c i r c u i t  VTO rniseion. Iiowcver, f o r  engine  

ou t  o p e r a t l o n ,  water  i n j e c t i o n  i s  necessa ry  t o  produce enough f a n  t h r u s t  t o  

provide  " two c i r c u i t "  eng ine  o u t  c a p a b i l i t y .  A d d i t i o n a l  VTOL and c r u i s e  per-  

f ormance, ram drag c h a r a c t e r i s t i c s ,  component geornetric d e s c r i p t i o n s ,  and 

ocher d e t a i l e d  d a t a  on t h e  mechanical  KrA p ropu l s ion  sys tem a r c  inc luded i n  

Appendix C.  

Con t ro l  Performance - A s  p r e v i o u s l y  d i s c u s s e d ,  a i r c r a f t  c o n t r o l  du r ing  

powered l i f t  13 achieved by va ry ing  f a n  b l a d e  p i t c h .  F i g u r e  3-32 p rov ides  a 

sumnrazy of powered l i f t  c o n t r o l  performance and i n d i c a t e s  t h a t  a s i g n i f i c a n t  

c o n t r o l  margin i s  a v a i l a b l e  f o r  a  s i n g l e  l i f t / c r u i s e  f a n  runn ing  a t  c o n s t a n t  

speed. The data a v a i l a b l e  a t  t h i s  t ime was based an  p a r t i a l  f a n  maps and d i d  

no t  encompass most of the o p e r a t i o n a l  p o i n t s .  The re fo re ,  a l a r g e  amount of t h e  

performance d a t a  used i n  t h e  a n a l y s i s  was determined by e x t r a p o l a t i o n .  The 

excess  t h r u s t  a v a i l a b l e  f o r  normal o p e r a t i o n  would permi t  t h e  RTA t o  be l o a d e ~  

t o  a h i g h e r  g ros s  weight ,  i f  this was d e s i r e d  f o r  a d d i t i o n a l  STOL r e s e a r c h .  

Fan Opera t ing  Cond i t ions  - Approximately one week p r i o r  t o  the  conclrrsion 

of t h e  s tudy ,  v a r i a b l e  p i t c h  f a n  maps were  r ece ived  from Hamilton Standard f a r  

a range o f  b lade  angles  from a AB o f  4-7.3" t o  - 1 7 O .  The f a n  maps f o r  two b l a d e  

ang le  p o s i t i o n s ,  Afi = 0° and A[! = +7.3*, w i t 1 1  t h e  s e l e c t e d  f a n  o p e r a t i n g  l i n e  

superimposed a r e  sllown In  Il'Fgures 3-33 and 3 - 2 4 .  Uased on t h e  map d a t a ,  Fan 

l i f t  and s t a l l  margin c h a r a c t e r i s t i c s  a s  a f u n c t i o n  of A 6  a t  a c o r r e c t e d  f an  

speed of 100 pe rcen t  were determined f o r  both  normal o p e r a t i o n ,  F igu re  3-35, 

and eng ine  o u t  o p e r a t i o n ,  F i g u r e  3-36. The a v a i l a b l e  l i f t  l i n e  i s  shown on 

these  cu rves  and v a r i e s  somewhat from t h a t  shown i n  F i g u r e  3-32. During maxi- 

mum c o n t r o l ,  s t a l l  margins  o f  23% d u r i n g  normal o p e r a t i o n  and 27% dur ing  eng ine  

out: o p e r a t i o n  are a v a i l a b l e .  These c u r v e s  can a l s o  b e  used  t o  i n t e r p r e t  t h e  

e f f e c t  on s t a l l  margin as VTOGIJ i n c r e a s e s .  For  example, i f  a 31,000 l b  VTOGW 

were used  w i t h  t h e  eng ines  o p e r a t i n g  a t  i n t e r m e d i a t e  power t h e  maximum c o n t r o l  

n o i n t  would be  a t  a A D  of 4-7.3' r e s u l t i n g  i n  a  s t a l l  margin o f  l e s s  than 

LO p e r c e n t ,  F igure  3-37. 

3.2.6 COMPONENT DESIGN GUIDELINES - Nose fan u n i t ,  l i f t / c r u i s e  u n i t ,  and t h i r d  

engine  i n l e t  design g u i d e l i n e s  a r e  p r e s e n t e d  i n  F i g u r e s  3-38, 3-39, and 3-40, 

r e s p e c t i v e l y .  The l i f t  and l i f t / c r u i s e  i n l e t s  were sized t o  ach ieve  0.388 

IWCDOWNELb AfFCSTC1FI COMPANY 
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FIGURE 3-31 
MECHANICAL RTA 

INSTALLED VTOL PROPULSION SYSTEM PERFORMANCE 
SLS, 89.8"F 

I POi4ER RATINGS 

SUPERCHARGED GAS GENERATOR (CORE) 
RIIM :! NGG 
DOT O F  

W A LBISEC 
bl F LB/HR 
NGAS LO/SEC 
Wtl20 LBISCC 

UNSUPERCHARGED GAS GENEMTDR 
UP M 
BOT 

% NGG 
F 

WA LB/SEC 
WF LB/HR 
WGAS LU lSEC 
WtQO LDlSEC 

[CORE 

4 1 . 3  

FANS 
RPM (LIFT & L / C  FANS) % NF @5.4 

WA (L /C  FAN) L B l S E C  638.1 
WA ( L I F T  FAN) LB/SEC 641.8 
~L/C/ELIFT DEGREES -0.401-0.10 

TOTAL PROPULSION SYSTEM 
L I F T  LO [32:lfl 
I.JF LBIHR 10 ,582  
L I F T  SFE LR/ I IR/LB ,329 

I 

( 1  ) 5 CIRCUITS FUEL 
(2) 2 CIRCUITS FUEL 

..... - . . - . . - - - . - 

Y 1 (MCAlR EST) I INT .  WET + 2 l U  I (MCAIR OTI 
5)[1) ( T / W - 1 . 0 5 )  [I)  ( T / ~ = 1 . 0 6 ) ( 2 )  (~/~=1.03)(2) 

F I G U R E  3-32 
MECHANICAL RTA CONTROL PERFORMANCE 

LIFT/CRUISE FAN 
SLS, 89+8OF 

100% NF 
NORMAL OPERATION ENGl NE OUT OPERATION 

A8 - DEGREES LB - DEGREES 

- DDA DATA 
----- M C A l  R EXTRAPOLATION 

WCKPOIWIYELL AIRCHAFT COMPANY 
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CHAME ZN ,Qnl PXTCH, ap - DEC;. 

FIGURE 3- 36 
MECHANICAL  RTA 

62" F A N  STALL MARGIN,  ENGINE OUT OPERATION 
SLS,  89.8"F 

LIFT 
FA IJ 



FIGURE 3-37 
MECHANICAL RTA 

62" FAN STALL MARGIN, INTERMEDIATE POWER (T/W = 1 +05 )  
SLS, 89.8"F 

FAN RPM = 103% 
N i / ~ = l O O C  

FIGURE 3-38 
MECHANICAL RTA 

NOSE FAN UNIT DESIGN GUIDELINES 
o INTERNAL GEOMETRY 

- INLET L I P  CONTOUR t 2: l  ELLIPSE - CONTRACTION RATIO = 1.45 

24 

20- 

MU 
/6 

STALL 
MA RGXhl 

-7% I2 

l3 

4 

o INLET AREAS 
 AH^ = 3584 I W . ~  

- AT,, = 2472   IN.^ 

- 

STALL --.-sJ 
MARGIN 

- 
// 

- / 
I 

- I 
I 

- I 
I 
I 

-& -30 

o INSTALLED STATIC PERFORMNCE 
- lNLET RECOVERY = .988 - NDZZLE THRUST COEFF. = 0.95 

CHA&E zu FAAJ PXTCH, AP D%. 

VECTORING REQUIREMENTS 

- ARTICULATED VAPlES: 40' 2 - 2 105' - YAW VANCS: '16" 

TdCDOiWNELL CilaCPirAFT COMPANY 



bf[)(: A 4  !I [) 1 
VULUML 1 

FIGURE 3-39 
MECHANICAL RTA 

LIFT/CRUISE UNIT DESIGN GUIDELINES 
a ItiTE_R_tlAC GEOMETRY 

- MAX I N T L R ~ I A L  WALL ANGLL ( I I 1" - 5  L "  - ~ N L L T L I P T ~ I I C K I I I S S ~ ( A T I O # ! R H L )  = . I "  - INLLT L I P  CONTOUR = 2:I LLLIIISL - L I P  LEADING EDGE RAIIIUS ( R ~ l p )  . 0 5  RHL - INTERNAL DUCT CONTOUR = CUBIC CONTOUR 

o LXTERNAL GEOMETRY 
- COWL THICKNESS RATIO (Rki / A M A ~ )  = .a5 
- cowL F t ~ t l t t s s  R L T I O  [ L ~ / I R , ~ X  - RH~) I  - 6 . 0  - COWL COt4TOUR DAC-3 SliAPE 

o INLET AREAS 
- THROAT 2 16.63 FTZ - I i IGl iLIGHT = 2 0 . 7 9  FT? 

0 INSTALLED JTATIC PERFORMAriCc - INLET R E C D V E I ~ Y  = ,988 - NOZZLE THRUST COEFFICfENT = ,940 

,c-.:-?--.. --.*.> 

- - -- - - - - 
\. . . 

+-- I z 

I : 
I I. 

/I----- -.a -4 
I 

FIGURE 3-40 
MECHANICAL RTA 

THIRD ENGINE INLET DESIGN GUIDELINES 
o INTERNAL C E O E T R Y  

- CONTRACTION RATIO ( R ~ / R T H ) '  - 2.0 - I N L E T  L I P  CONTOUR 1 2:1 E L L I P S E  - ENGINE FACE DIAMETER (DE) 18 .4  i n .  - D I F F U S E R  WLL ANGLE ( 2 0 w a t . 1  7' - DUCT I N S I D E  TURN U D E U S  (RD)  = 27 i n .  - TURN C O N T U G T I O N  RATIO (RSTA 151~~)' " 1.18 

o EXTERNiU. GEOMETRY 

- L I P  LEADIiiG CONTOUR (RLE) - b2/n 
- COWL CONTOUR - DAC-3 SlIAPE. 

TAHCErn 
a l N L E T  AREAS 0 IliSTALLED STATiC PERFORMANCE 

- AHL = 332 in2 - INLET RECOVERY .975 
- ATH ' 166 in2 

PLANE. A 

DUCT 

. a STA 1.5 . 
- 7"' a 

- - - -\-- - - .- - - _ -  J 
MCD63NAlEI.L AIRCRAFT COMPANY 
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torn1 pressure rccovcry duririg s t a t i c  opera t ion ,  The t h i r d  engine in le t  rccov- 

ery Is nlig11Lly lower, 0.975, because 01 the  i n l e t  duct ing requ i red  f o r  t h i s  

engirlc l o c a t i o o ,  A s  w i t 1 1  the  Lurbotip propuls ion system, t o  lcccp c o s t s  nz low 

as p o s s i b l e ,  a u x i l i a r y  i i l l c t s  were not ctnploycd on the mechanical system. 

3.2.7 INSTALLA'L'lON FACTORS - A summary of  propuls ion sysLarn i n s t a l l a c i o n  

f a c t o r s  f o r  VTO opera t ion  and t h e  l i f t  allowance a s s o c i a t e d  wi th  each f a c t o r  

are shown i n  Figure  3-41 ,  No engine company d e r a t c  was included i n  t h e  data 

received;  and, as s t a t e d  p rev iaus ly  i n  t h e  t u r b o t i p  syatern d e s c r i p t i o n ,  no 

ground e f f e c t s  o r  reir lgcvtion allownnccs were used i n  t h i s  s tudy.  DDA assumed 

100% supcrcbarging f o r  all performance, and included a 2% fan  horsepower 

allowance due to flow pae t  a dead engine d u r i n g  engine  ou t  raeratlon. 

One o t h e r  i n s t a l l a t i o n  f a c t o r ,  l i E t / c r u i s e  nozzle  t h r u s t  c o e f f i c i e n t ,  

deserves  a d d i t i o n a l  comment. I n  the  fan performance da t a  received,  f o r  opera t -  

ing  condl t lona of i n t e r e s t ,  the fan  s t a t o r  e x i t  s t a t i c  p r e s s u r e  was less than 

ambient: s t a t i c  p ressure ,  Enter ing t h e  "D" vented nozzle  performance  nap, 

Figure  3-42, a t  a s t a t i c  p ressure  r a t i o  corresponding t o  t h e  engine out operat -  

ing  cond i t fon ,  would r e s u l t  i n  a VTO t h r u s t  c o e f f i c i e n t  t h a t  would not provide 

s u f f i c i e n t  lift f o r  engine o u t  s a f e t y .  Since the nozzle  performance i s  

s e n s i t i v e  t o  ent rance  s t a t i c  p r e s s u r e ,  a  procedure was requ;;ed t o  i n c r e a s e  

t h i s  p r e s s u r e ,  and thus improve t h e  t h r u s t  c o e f f i c i e n t .  The method s e l e c t e d  

involved d i f f u s i n g  the f low i n  both t h e  fan  s t a t o r s  and the fan d u c t  downstream, 

be fore  reaching t h e  nozzle  ven t ing  l i p .  Hamilton Standard provided d a t a  

i n d i c a t i n g  tlie amount of d i f f u s i o n  wl~ich could be accomplished i n  the  s t a t o r s  

and the  assoc ia ted  fan performance and s t a l l  margin p e n a l t i e s .  Performance 

with and without t h i s  s t a t o r  d i f f u s i o n  i s  shown i n  Figure  3-43. Di f fus ing  

from 0 .96  t o  1.03 s t a t i c  p ressure  r a t i o  r e s u l t e d  i n  approximately 1% l o s s  i n  

gross f a n  t h r u s t  and a 7% l o s s  i n  f a n  s t a l l  margin, from 27% t o  20%. However, 

with  t h e  higher f a n  e x i t  s t a t i c  p ressure  p l u s  a d d i t i o n a l  duct  d i f f u s i o n ,  the  

t h r u s t  c o e f f i c i e n t  was r a i s e d  t o  0.95, F igure  3-42. When t h e  1% l o s s  i n  gross  

t h r u s t  is taken i n t o  cons ide ra t ion ,  the  e f f e c t i v e  t h r u s t  c o e f f i c i e n t  reduced 

t o  0.94. The nose fan nozzle  t h r u s t  c o e f f i c i e n t  of 0.95 was achieved i n  a  

s i m i l a r  manner employing a d d i t i o n a l  s t a t o r  d i f f u s i o n .  

Conventional f l i g h t  i n s t a l l a t i o n  f a c t o r s  are presented i n  Figures  3-44 

and 3-45 .  

FrlCQCbNRIELL APRCRAFT COMPANY 
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FIGURE 3-41 
MECHhNIGAL RTA 

PROPULSION SYSTEM INSTALLATION FACTORS 
VTO OPERATION 

HOMI NAL 
COMPONENT INSTALLATION FACTOR 

TURBOStiAFT ENGINES 
PRESSURE R E C O V E R Y ~  .975 
COMPRESSOR AIR BLEED^ (LB/SEC) 0 . 1 0  
HORSEPOMER EXTRACTIONa 125c od 

L/C FAN AND NACELLE 
PRESSURE RECOVERY 
DUCT PRESSURE LOSS 

(FAN COLD STREAM) 
(6j88 

NOZZLE THRUST COEFFICIENT .94 

L I F T  FAN SYSTEM 
PRESSURE RECOVERY ,988 
NOZZLE THRUST COEFFICIENT .95 

CENTER GEARBOX 
HORSEPONER EXTRACTION 0 
HORSEPOWER LOSS (b) 

ADDITIONAL PERFORMANCE ALLOWANCES 
NET THRUST DERATE 0 
SUPERCHARGING 100% 
FAN WP ALLOWANCE DUE TO DEAD ENGINE 2% 
GROUND EFFECTS/REINGESTION 0 

FOTES: ( a )  PER ENGINE 
FURNISHED BY ENGINE CO. [ SUPERCHARGED ENGINE 

d NON-SUPERCHARGED ENGINE 
[el  BASED ON INSTALLED LIFT OF 26953 LB 

TOTAL L I  Fie 
ALLOWANCE % 



FIGURE 3-42 
MECHANICAL RTA 

"D" VENTED NOZZLE PERFORMANCE 
90" VECTOR 

MCD07JWEL.L AIRCRAFp COMPANY 
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FIGURE 3-43 
MECHANICAL RTA 

EFFECT OF STATOR DIFFUSION OF FAN & NOZZLE STATIC PERFORMANCE 
UITIiOUT D I  FFUSIOIi I N  STATOR 

o STATION a 
Ps/Pa .9G 
MEXI., = .501 

o STATION @ 
Psi', 1.0 
MEXlT = .427 

o C f  ".8i9 '__. - . . . .  
~ E F F .  

o ANDZ = 5780 I N . '  
I 

! '  

1 ,  
. m  

0 0 \ - . - - - - -  

WITH - 
o STATION a 

Ps/Pa 0 1.03 
REXIT = .401 

DIFFUSION -- STATOR PLUS DOLlllSTREAM 



FIGURE 3-44 
MECHANICAL RTA 

PROPULSION SYSTEM I N S T A L L A T I O N  FACTORS 
COYVENTIONAL FLIGHT 

Notes: (a) Per Engine 
(b) Inc luded i n  Engine Co. Performance 
(c) Supercharged Engine 
(d)  Non-Supercharged Engine 

Component: 

Engine 
P r e s s u r e  Recovery d 

Compressor Airb l eeda  ( lblsec)  
Horsepower E x t r a c t i o n a  
Nozzle  Thrust Coefficient 

L/C Fan and Nacelle 
P r e s s u r e  Recovery 
Duct  P r e s s u r e  Loss 

(Fan Cold Stream) 
Nozzle Thrus t  C o e f f i c i e n t  

Additional Per formance  Allowances 
Net T h r u s t  Derare  

Center  Gearbox 
Horsepower E x t r a c t i o n  
Horsepower Loss 

C r u i s e  

See F i g u r e  3-45 
0.10 

4Oc 
,98 

See F i g u r e  3-45 
(b 1 

,98 

0 

0 
(b)  



FIGURE 3-45 
MECHANICAL RTA 

ESTIMATED INLET TOTAL PRESSURE RECOVERY 
CONVENT1 ONAL FLIGHT 
LIFT/CRUISE FANS 

FLIGHT ,HACK l4UKBEii. 

MCDOWFYELL AIHCRAFT COMPANY 
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4 .  FLIGklT VEHICLE DESIGN 

4.1 TURBOTIP RTA 

4.1.1 GENERAL ARRANGEIENT - The t u r b o t i p  RTA airframe r e f l e c t s  a  maximum ut-Li- 

z a t i o n  of  GFE conlponents as i l l u s r r a r e d  i n  F igure  4-1. The a i r f r a m e  consists of 

a modified T-39 c e n t e r  f u s e l a g e  and wing,  a modif ied F-101 a f t  f u s e l a g e  and 

empennage, a new a i r f r ame  forward f u s e l a g e ,  a modif ied A-6 c o c k p i t ,  and an A-4 

l and ing  g e a r  and brakes .  The p ropu l s ion  system c o n s i s t s  o f  t h r e e  LCF459 turbo- 

t i p  fans powered by t h r e e  YJ97 eng ines .  They a r e  i n t e r c o n n e c t e d  by t h e  ETaC 

system. The p rcpu l s ion  and ETaC sys tems are desc r ibed  i n  Sec t ion  3.1 and 

Volume IT of t h i s  r e p o r t  r e s p e c t i v e l y .  The p r i n c i p a l  weights  and geometr ic  

c h a r a c t e r i s t i c s  of the  v e h i c l e  are shown i n  F igu re  4-2. The g e n e r a l  a r r ange -  

mcnt, wet ted  a r e a s ,  and c r o s s - s e c t i o n a l  a r e a s  o f  t h e  a i r c r a f t  are shown i n  

Drawing M260-RTA-1, Shee t s  1, 2, and 3. 

4.1.2 A % W W  

Fuselage  - The T-39 c e n t e r  f u s e l a g e  was modified t o  accormnodate the 

i n s t a l l a t i o n  of t h r e e  YJ97 gas  g e n e r a t o r s ,  t h e  gas  d i s t r i b u t i o n  system, two 

LCF459 l i f t / c r u i s e  f a n s ,  two b l a d d e r  f u e l  t a n k s  and t o  adap t  t o  t h e  F-101 a f t  

fu se l age .  

The F-101 aft f u s e l a g e  was modified t o  accommodate t h e  top  mounted gas  

gene ra to r  and t o  mate with t h e  T-39 c e n t e r  f u s e l a g e .  The s t a i n l e s s  s t e e l  and 

t i t a n i u m  f a i r i n g s  and s h i n g l e s  were r e p l a c e d  w i t h  aluminum f a i r i n g s  t o  reduce 

the  weight .  

The forward fuse l age  is a new all meta l  c o n s t r u c t i o n .  It was des igned t o  

accommodate t h e  A-6 c o c k p i t ,  t h e  LCF459 l i f t  fan assembly,  t h e  ETaC sys tem,  and 

t h e  A-4 nose  l a n d i n g  gear .  It was a l s o  des igned t o  mate w i t h  t h e  T-39 center 

fuse! see 

Empennage - The F-101 v e r t i c a l  t a i l  was modified t o  i n c o r p o r a t e  a f u e l  

venC tank.  The h o r i z o n t a l  t a i l  w a s  modif ied  by adding  a small g love  t o  each  

outboard t i p  f o r  i nc reased  area. This  a r e a  was i n c r e a s e d  t o  meet t h e  5 p e r c e n t  

s e a t i c  margin requi rements  o f  t h e  a i r c r a f t .  The o v e r a l l  span  of t h e  h o r i z o n t a l  

t a i l  was i n c r e a s e d  by 35 i n c h e s .  

IJing - Drawings of t h e  T-39 were n o t  a v a i l a b l e ;  however, weight  a l l o c a t i o n s  

were made f o r  t h e  r e q u i r e d  m o d i f i c a t i o n s .  These m o d i f i c a t i o n s  c o n s i s t e d  of 

(1) "beef-up" t o  meet t h e  2.5 g load f a c t o r  requi rement ,  ( 2 )  mounting of  t h e  

A-4 main g e a r  and r equ i r ed  f a i r i n g s ,  ( 3 )  removal of  t h e  inboard  s e c t i o n  of t h e  

f l a p s  and convers ion  of t h e  remaining outboard  s e c t i o n  t o  a hinged f l a p ,  and 

1VBCDOFUIUELL AIRCRAFT COMPANY 
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F I G U R E  4-1 
TURBCTIP RTA 

MODEL 260-KTA-1 
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FIGURE 4-2 
DIMENSIONAL AND DESIGN DATA 

TURBOTIP RTA 
- -- 

STOGW (lb) 
(N) 

VT0C-W ( l b  1 
(N) 

OWE ( l b )  
(N) 

Overal Length (ft) 
(m) 

Wing Span (ft) 
I m >  

Height  (ft> 

(m) 
C r e w  

, Provisir , \  . -  
(Vo. ) 

Max. Xnr. . i2b) 1 Fuel (N) 
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Vertical T a i l  

84.88 
7 -89 

, 663  

.509 

7.5 
2.29 

4 6 

7.0/7.0 

NACA 6.58007 

NACA 65A007 

Horizontal Tail 

82.02 
7.62 

3.959 

,3703 

18.02 
5.49 

31.25 

7.0/  - 

NACA 65A007 (MOD) 

Modified 

S (fh 
(m2) 

AR 

h 

b ( f t )  
(m> 

" C l 4  

t/c (% ~ o o t / ~ i ~ )  

~ i r f o i l  ( roo t )  

Airfoil (tip) 

342.05 
31.78 

5 . 7 7  

-323  

44.43 
13 .54  

28.56 

11.3/9.36 

6 4 A  series (MOD)  

64A series ( M O D )  



( 4 )  f i x i n g  t h e  l e a d i n g  edge s l a t s  t o  a n o n f u n c t i o n a l  c o n f i g u r a t i o n .  F a i r i n g s  

were added to  provide  a  smooth, aerodynamic i n t e r f a c e  w i th  t h e  l i f t / c r u i s e  f a n  

n a c e l l e s ,  ga s  g e n e r a t o r s ,  and A-4 l a n d i n g  gea r .  S ince  t h e  f u e l  t anks  a r e  fuse-  

l age  mounted, t h e r e  was no requirement  f o r  m o d i f i c a t i o n  of t h e  i n t e g r a l  wing 

f u e l  t a n k s ,  thcreby r educ ing  c o s t .  

4 . COCKPIT - A s t u d y  was conducted t o  de te rmine  i f  t h e  T-39 c o c k p i t  should  

be modi f ied  t o  accep t  e j e c t i o n  s e a t s  o r  i f  an A-6 c o c k p i t  shou ld  be used .  Con- 

s i d e r a t i o n  was given t o  v i s i o n ,  a c c e s e / e g r e s s ,  arrangement  and e f f e c t s  on the 

a i r c r a f t  c o n f i g u r a t i o n .  

It was determined t h a t  m o d i f i c a t i o n  of  the 7-39 cockpit f o r  access, egress ,  

and ej e c  t i o n  s e a t s  would r e q u i r e  e x t e n s i v e  devo lopmenr and t e s t i n g  . A comparison 

of t h e  m o d i f i c a t i o n s  r e q u i r e d  f o r  each concept  i s  p r e s e n t e d  i n  t h e  fo l lowing :  

COMPARISON OF FXQUIWD COCKPIT h1ODZFTCAT - " 
A-6 T '  - . . 

:Ld - 
Access Exis t l n g  Lengthen . d r c r a f  t 

(Using E x i s t i n g  Door) 
o r  New Development 

Egres s  Existing New Development 

E j e c t i o n  Sea t s  E x i s t i n g  New Development 

T e s t i n g  None Ex tens ive  (-$2M) 

Consoles  E x i s t i n g  New 

In s t rumen t s  New New 

S  t i ck /Rudde r  P e d a l s  Mod/Esls t i n g  New/  E x i s t i n g  

Visibility S a t i s f a c t o r y  New S i d e  Pane l  

Based on this a n a l y s i s ,  t h e  use  of  t h e  A-6 c o c k p i t  was s e l e c t e d  as be ing  t h e  

most c o s t  e f f e c t i v e  approach even though i t  i s  approximate ly  252 l b  h e a v i e r .  

The A-6 canopy, canopy a c t u a t i o n  sys tem,  j e t t i s o n  sys tem,  oxygen sys tem,  and 

Martin-Baker s e a t s  a r e  also used.  

The A-6 cockp i t  m o d i f i c a t i o n s  c o n s i s t e d  o f  (1) r a i s i n g  t h e  c o p i l o t ' s  s e a t  

approximate ly  4 i n c h e s ,  (2)  adding  c o n t r o l  e lements  and i n s t r u m e n t s  f o r  bo th  

crewmen ( t h e  consoles  a r e  used as i s ) ,  and ( 3 )  m o d i f i c a t i o n  of the upper por ' r ion  

of t h e  s t i c k  t o  i n c o r p o r a t e  new s w i t c h e s .  The r e s u l t i n g  c o c k p i t  arrangement  

i s  shown i n  F igu re  4-3. T h e  c o c k p i t  I s  n o t  pressurized f o r  the RTA. The 

v i s i b i l i t y  for bo th  +be p i l o t  and c o p i l o t  i s  b e t t e r  t han  t h a t  a v a i l a b l e  on t h e  

Har r f e r .  A v i s i b i l i t y  diagram i s  shown i n  F i g n r e  4-4. 



FIGURE 4-3 
M260-RTA 

COCKPIT ARRANGEMENT 



FIGURE 4-4 
PILOT'S EXTERNAL VISIBILITY 



4 . 1 . 4  L,ANDLNG GEAR/ BRAKES 

Analys is  - P r i o r  ro  s e l e c t i o n  o f  t h e  A-4 l ~ n d i n g  gear and brake system, 

an a n a l y s i s  was conducted t o  a s s e s s  t h e i r  c o m p a t i b i l i t y  with t h e  a i r c r a f t .  The 

gear  and brake3 were e v a l u a t e d  f o r  the  l o a d i n g  condir.ions shown below. 

A-4 LANDING GEAR/ BRAKC EVALUATION - 
Landing Loads 

o  Two Poi.nt Level 
o  Three Poin t  Level 
o  T a i l  Down 
o  One Wheel Nose Down 
o One IJIleel T a i l  Down 
o Side D r i f t  
o S i d e  Load 

Spin Up, S p r i n g  Back and 
Maximum S t r u t  ReactLon 

Tax i ing  Loads 
a Braked Roll  - Two Po in t  
o  Unsymmetrical Braking 
o Turning 

Handling Lo ads 
o  Towing 
o  J a c k i n g  

Thirty-two s e c t i o n s  i n  t h e  main gear and t e n  s e c t i o n s  i n  the nose gear ,  F igu re  

4-5, were ana lyzed  fox t h i s  loading .  It was determined f o r  t h e  main g e a r  t h a t  

t h i r t y  s e c t i o n s  had p o s i t i v e  margins a t  1 2  f p s  sFnk  r a t e  f o r  a l l  c o n d i t i o n s .  

One s e c c i o n  was found t h a t  had a  p o s i t i v e  marg!.n a t  1 2  Eps fo r  all c o n d i t i o n s  

excep t  f o r  t h e  two p o i n t  l e v e l  l and ing  spin-up. This s e c t i o n  had a p o s i t i v e  

margin a t  11 fps. This s e c t i o n  could be retested f o r  t h i s  l o a d i n g  c o n d i t i o n ;  

however, normal l a n d i n g  f o r  t h e  RTA will probably  alwavs b e  l e s s  than  a t  12 f p a  

s i n k  r a t e  and would no t  j u s t i f y  t h e  c o s t  o f  r e t e s t i n g .  

The n o s e  gear  was found t o  have szven sections vh lch  had p o s i t i v e  margins 

at 12 f p s  f o r  a l l  c o n d i t i o n s .  The t r u n n i o n  b o l t  w a s  found t o  r e q u i r e  a change 

f o r  positive n , ~ r g i n  du r ing  unsymmetrical b rak ing .  This  minor change would 

c c n s i s t  o f  a s l i g h t l y  larger b o l t  with higher  h e a t  t r e a t .  

The wheels  and brakes w e r e  fcund t o  p rov ide  adequate brak ing  Eor ST0 

l anding ,  ST0 RTO, and - t a x i i n g .  Adequate b r a k i n g  f o r  CTOL o p e r a t i o n  i s  a l s o  

provided when an inc reased  s t o p p i n g  d i s t a n c e  is  used. Based on this r , r talysis ,  

the A-4 g e a r  and brakes were s e l e c t e d  f o r  use  on t h e  hTA. 
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FIGURE 4-5 
STRUCTURAL SECTIONS 

MAIN GEAR 
EVALUATED 

NOSE GEAR <+-'I 

@ AXLE - 4 SECTIONS @ FORK - 2 SECTIONS 
@ PISTON - 3 S E C T I O N S  @ S P I N D L E  - 4 SECTIONS 
@ JACKET - 8 SECTiONS @ BARREL - 1 SECTION 

@ ROTATING ARM - 2 SECTIONS @ T R U N N I O N  B O L T  - 2 SECTIONS 
@I ROTATING L I N K  - 5 SECTIONS a WHEEL 
@ ROTATING SWIVEL - 3 SECTlON.5 1 10 SECTIONS EVALUATED[ 
@ DRAG BRACE - 5 SECTIONS 

WHEEL 
132 SECTIONS EVALUATED~ 

Main Landing Gear - The A-4 main l a n d i n g  gear assembly is  attached t o  t h e  

lower surface of t h e  wing as shown i n  F igu re  4 - 6 .  A f a i r i n g  and a p p r o p r i a t e  

doors  are also i n s t a l l e d  on the  wing lower s u r f a c e  t o  p r o v i d e  a w e l l  for 

e n c l o s i n g  t h e  gea r  i n  t h e  r e t r a c t e d  p o s i t i o n .  

The main gea r  r e t r a c t s  forward ,  and f l l ~ r i n g  r e t r a c t i o n ,  the shock s t r u t  

r o t a t e s  90 degrees  s o  t h a t  t h e  wheel i s  stawed h o r i z o n t a l l y  i n  t h e  main gea r  

w e l l .  Normal o p e r a t i o n  of  t h e  gea r  and door s  is  h y d r a u l i c ,  u s i n g  power s u p p l i e d  

by t h e  a i r c r a f t  h y d r a u l i c  system. Should a h y d r a u l i c  system f a i l u r e  o c c u r ,  t h e  

g e a r  can be lowered by p u l l i n g  the Emergency Landing G e a r  hand le  i n  the c o c k p i t  

to uctuute cubles w l ~ l c h  u n l a r c l l  the door s  and permi t  t h e  l a n d i n g  g e a r  t o  Eree- 

f a l l  w i t h  t h e  a i d  of the airstream. 

The main gear is equipped w i t h  a h y d r a u l i c a l l y  o p e r a t e d  double  d i s c  brake,  

a f o r g e d  aluminum wheel ,  and a 24 x 5.5 - 1 6  PR t ube  t ype  t ire.  

WCDQNNELL AIRCRAFT COMPANY 
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FIGURE 4-6 
MLG ATTACHMENT TO WING 

WING LOWER SURFACE 

!.ICG ATTACH Flf TING 

MOUNTtNG STUD 

24 X 5.5 - 16 PR - 
PRESSURE - 355 PSI 

Nose Landing Gear - The A-4 nose  l a n d i n g  gear assembly  is a t t a c h e d  t o  t h e  

f u s e l a g e  as shown i n  F i g u r e  4-7. 

5 e  n o s e  g e a r  r e t r a c t s  forward into the  nose gear slell i n  t h e  forward  

f u s e l a g e .  As t h e  gea r  r e t r a c t s ,  a t e l e s c o p i n g  mechanism compresses  the shoclc 

s t r u t  s u f f i c i e n t l y  t o  f i t  t h e  g e a r  i n t o  t h e  nose g e a r  we l l .  Power s u p p l i e d  by 

t h e  a i r c r a f t  h y d r a u l i c  system i s  used f o r  normal  o p e r a t i o n  of  the  g e a r  and 

doors .  Emergency e x t e n s i o n  o f  t h e  g e a r  fs accompl i shed  by p u l l i n g  t h e  Emergency 

Landing Gear hand l e  t o  u n l a t c h  t h e  d o o r s  and per1,ri.t t h e  n o s e  gear t o  f r e e - f r i l l  

w i t h  t h e  a i d  o f  t h e  a i r s t r e a m .  

The nose gear is equipped  w i t h  a fo rged  aluminum wheel  and an 18 x 5 . 5  - 
1 4  PR t u b e l e s s  t tre.  

The n o s e  g e a r  i s  a l s o  e q u i p p e d  w i t h  a nosewheel  s t e e r i n g  system t h a t  i s  

a c t u a t e d  by movement of t h e  rudde r  p e d a l s .  The a c t u a t o r ,  which o p e r a t e s  f rom 

t h e  l a n d i n g  g e a r  down h y d r a u l i c  p r e s s u r e ,  h a s  t h e  c a p a b i l i t y  o i  t u r n i n g  t h e  

nasewheel  45 degrees e i t h e r  s i d e  o f  c e n t e r .  



FIGURE 4-7 
NLG ATTACHMENT 

/I 

ACTdAf'OR SUPPORT FITTfhlGS 

STRm SUPPORT 

r?p L" ACTUATOR MOUNTING BOLT 

TELESCOPING LIECHANISM 
ATTACHING FLTTllrlG 

STRUT MOUNT1NG BOLT' 
TEI.ESCOPING t4ECHANl5,U 
MOUNTING 83LT 

RETRACT AC TVATO k 

TELESCOPING 'MECHANISM , 

1 g X 5 , 5  - i 4 P R  ' 

PRESSURL + 215 PSI 

Brake System - The main l and ing  gear brake  system is an independent  

h y d r a u l i c  system ope ra t ed  f rom t h e  c s c k p i t .  The p r i n c i p a l  components of t h e  

system are as fo l lows : 

A-4 brake reservair 

A-4 brake master  c y l i n d e r s  

A-4 main gear b r a k e s  

The h y d r a u l i c  f l u i d  i n  the brake system is s u p p l i e d  by t h e  b rake  r e s e r v o i r  

and i s  p r e s s u r i z e d  by t h e  master  c y l i n d e r s  f o r  a p p l i c a t i o n  t o  the brakes .  The 

master c y l i n d e r s  are c o n t r a l l e d  by toe p r e s s u r e  on t h e  r u d d e r  peda l s .  The 

p i l o t ' s  and c o p i l o t ' s  brake p e d a l s  a r e  mechanica l ly  connected s o  t h a t  ehe 

o p e r a t i o n  of e i t h e r  left p e d a l  w i l l  operate the l e f t  bra!ke master c y l i n d e r  

and t h e  o p e r a t i o n  of  e i t h e r  r i g h t  hand p e d a l  will o p e r a t e  che r i g h t  brake  

master c y l i n d e r .  The location of the  brake system i s  i l l u s t r a t e d  i n  F igu re  
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FIGURE 4-8 
M260- RTA 

LANDING GEAR BRAKE SYSTEM 

MASTER CY L I N E R  

P\LoT RUDDER P'EbhLS 

COPILOT RUDDER PEDALS 

RE5 ERVO r R, 

WHEEL BRAKES 

- ------- - - - 

4.1.5 I-IYDRAULLC SYSTEM - Two i n d e p e n d e n t ,  3000 p s i  h y d r a u l i c  systems which 

i n c o r p o r a t e  R e s e r v o i r  Level S e n s i n g  (RLS) a r e  p r o v i d e d .  The RLS s e p a r a t e s  

each system i n t o  two i n d e p e n d e n t  circuits, t h e r e b y  p r o v i d i n g  f o u r  c i r c u i t s  

which is t h e  same approach  as used i n  t h e  F-18. This redundancy  f e a t u r e  is 

i n c o r p o r a t e d  to p r o v i d e  a d e q u a t e  s a f e t y  f o r  t h e  t r i p l e x  f ly-by-wire  c o n t r o l  

system. S w i t c h i n g  v a l v e s  a r e  used  a t  e a c h  f l i g h t  c r i t i c a l  a c t u a t o r  - a  a s s u r e  

h y d r a u l i c  power s y s t e m  redundancy f o r  f a i l - s a f e  o p e r a t i o n .  

The 90 hp pumps a r e  d r i v e n  by g e a r b o x e s  mounted on t h e  a f t  s i d e  of  the  

l i f t / c r u i s e  fails. The e x i s t i n g  YJ97 e n g i n e  d i d  n o t  have  a d e q u a t e  power 

e x t r a c t i o n  c a p a b i l i t y  t o  mount t h e  pumps on t h e  e n g i n e .  The s e l e c t e d  mount ing 

p- -ov ides  for normal  h y d r a u l i c  power a f t e r  loss  o f  one  o r  two e n g i n e s  and some 

power a f t e r  l o s s  o f  a l l  e n g i n e s  s i n c e  t h e  fans w l l l  f u n c t i o n  as ram a i r  tur- 

b i n e s .  S t a n d a r d  t u b i n g  materials and MIL-H-5606 fluid are u s e d  t o  a s s u r e  a 

low c o s t ,  low risk system. 
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Dual tandem a c t u a t o r s  w i t h  " r ip-s top"  c o n s t r u c t i o n  are used t o  power a l l  

thc f1.i.ght c r i t i c a l  Itarns ; i . e .  , s t a l ~ i l a t o r ,  a L l c r o n s ,  r u d d e r ,  LTaC valves ,  

TRM doors, 2nd l i f t  fan  l o u v e r s  and yaw door s .  Hydrau l i c  motors a r e  used L O  

power t he  If f t / c r u i s e  f a n  vEctor  !~oods and yaw doors  throug!, s p p r o p r i a t r  

gearboxes. The mechanical i n t e r c o n n e c t  b e t w e e n  t h e  t h r u s t  v e c t o r  hoods pro- 

vider;  f o r  sylrllrlctry d u r i n g  oIleratfon.  T-;.iplr?x e l e c t r ~ h y d r o u l  ic Sigr , .  Innver- 

s i o n  M2chanisrr.s (SChi) are used  to  conve r t  the e l e c t r o n i c  s i g n a l s  from -2 AFCS 

t o  mechanica l  ou tpu t s  which a r e  then used as i n p u t s  t o  t h e  f l i g h t  c o n t r o l  

a c t u a t o r  mechanica l  s e rvo .  Th? schemat ic  of t h e  h y d r a u l i c  sys tem i s  shown i n  

F igure  4-9. The l o c a t i o n s  o f  t h e  major p w e r  g e n r r a t i o n  cornpone~.~ts and primary 

f l i g h t  c o n t r a 1  componmts are slrown i n  Figures 4-10 and 4-11 r e s p e c c l v e l y .  

4.1.6  FLIGHT CONTROLS - P i t c h ,  r o l l ,  and yaw a r e  accomp;ished by conven t iona l  

c o n t r o l  surfaces du r ing  aerodynamic f l i g h t ,  and by f a n  t h r u s t  modulat ion and 

v e c t o r i n g  dcrLng powered l i f t  f l i g h t .  Fan t h r u s t  is modulated by ETaC valves 

i n  t he  gas d i s t r i b u t i o n  sys t em t o  each f a n  and by Thrus t  Reduction Modulation 

(TDl) a t  each  t an .  Tl-.ese f u n c t i o n s  a re  powered by d u a l  h y d r a u l i c  power 

c y l i n d e r s  and a r e  c o n t r o l l e d  by a t r L p l e x  control-by-wire system. The ETaC, 

TW, and control-by-wire sys tems a r e  d i s c u s s e d  i n  Sec t io l i s  3 . 1  and 5.4.  Tile 

e l e c t r o n i c  s i g n a l s  from t h e  control-by-wir= sys tem a r e  col lverted t o  iilechanical 

i n p u t s  t o  each power a c t u a t o r  by t r i p l e x  S i g n a l  Conversion Mechanisms (SCM). 

The l i f t / ~ r u i s c  f an  yaw louvers a r e  powered by r o t a r y  mechanical  a c t c a e o r s  

d r iven  by h y d r a u l i c  motors  through a  sys tem of  gearboxes and to rque  s h a f t s .  

The power management c o n t r o l  system co~:;j .sts oE mechanica l  t h r o t t l e  systems 

t o  modulate  che gas g e n e r a t o r  f u e l  c o n t r o l s ,  and a  mechanica l  c o n t r o l  sys tem 

f o r  t h r u s t  v e c ~ o r i n g  and f l i g h t  mode conve r s ion .  The t h r u s t  of the t h r e e  gas  

g e n e r a t o r s  i s  control . led c o l l e c t i v e l y  by a mas ter  power l eve r  and a  s e t  of 

i n d i v i d u a l  eng ine  t h r o t t l e  l ~ ~ r e r s  is  pro\ + - %d f o r  eng ine  trimming. The 

t r a n s i t i o n  c o n t r o l s  2re p o s i t i o n e d  by an e l e c t r i c a l  a c t u a t i o n  device through 

a thumb s w i t c t ~  on the master power l e v e r .  The a c t u a t i o n  device can be over- 

r idden  manually i n  t he  event of an e r r o r  s i g n a l .  The l i f t  fan  t h r u s t  v e c t o r  

system i s  powered by h y d r a u l i c  a c t u a t o r s ,  and t h e  l i f t / c r u i s e  f an  v e c t o r i n g  

hoods  are powcrcd by  r . t a r y  mechanical  a c t u a t o r s  dr iven by h y d r a u l i c  motors 

through a sys tem of  gearboxes  and to rque  s h a f t s .  

The A-6 c c c k p i t  p i l o t ' s  c o n t r o l s  were modi f ied  f o r  =qrnpat ib i l . i ty  t o  a  

f1;-by-wire c o n t r o l  sy s t em and a d u p l i c a t e  set of cnnt-.rr.i was added f o r  t h e  

c o p i l o t .  A t r a n s i t i o n  l e v e r  and mas ter  power l e v e r  are provi<.ed f o r  bo th  

M C D O I V W E L L  AIRISRAFT COMPANY 



FIGURE 4-9 
MOCEL 260-RTA-1 

HYDRAULIZ SYSTEM 



FIGURE 4-10 
MODEL 260-R'iA-1 

MAJCR HYDRAULIC POWER GENET..ATION AND :'TILITY COMPONENTS 



FIGURE 4-11 
MODEL 260-RTA-1 

MAJOR HYDRAULIC CONTROL COMPONENTS 
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p i l o t  and c o p i l o t ,  and i n d i v i d u a l  t h r o t t l e s  for  e n g i n e  t r imming a r e  p r o v i d e d  

on t he  c e n t e r  r:onsoJ.e. The p i l o t  and c o p i l o t  c o n t r o l s  are rncchanfcaLly 

i n t e r c o n n e c t e d .  

The mechanical  c o n t r o l s  and a c t u a t i o n  sys tems  a r e  shown i n  F igure  4-12. 

4 .1.7 ELECTRICAL SYSTEM - Each of  t h e  d u a l  e l e c t r i c  power sys tems  i n c l u d e s  a 

CSD d r iven  15 ICVA AC g e n e r a t o r  w h i c h  p r o v l ~ l e s  115/200 v o l t ,  400 112, three phase  

power. A backup b a t t e r y  i s  p rov ided  f o r  e s s e n t i a l  power i n  case b o t h  g e n e r a t o r 8  

a r e  i n o p e r a t i v e .  S ince  the  a i r c r a f t  e l e c t r i c a l  3.oads exceed a s ing lc :  g e n e r a t o r  

c a p a c i t y ,  monitored b u s e s  a r e  provided  s o  t h a t  selected loads can  b e  removed 

du r ing  s i n g l o  g e n e r a t o r  o p e r a t i o n .  The system schema t i c  i s  s3own i n  F i g u r e  

4-13 and the l oads  i n  Figure 4-14. 

The g e n e r a t o r s  a r e  e a c h  mounted a n  a c o n s f a n t  speed  d r i v e  (CSD). The 

CSD's are t h e n  mounted on and d r i v e . t  by t h e  f a n  gearboxes .  Both t h e  g e n e r a t o r  

and CSD rely on o i l  c o o l i n g  and i n t e g r a l  011 c o o l e r s  a r e  p rov ided  i n  each 

gearbox.  S u i t a b l e  generatoxs and CSD's are a v a i l a b l e  as o f f - t he - she l f  equipment 

FIGURE 4-1 2 
MODEL 260-RT4- 1 

MECHANICAL CONTROL AND ACTUATION SYSTEM 
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FIGURE 4-13 
MODEL 260 RTA 

ELECTRICAL SYSTEM 

F IGURE 4-14 
RTA PRELIMINARY ELECTRIC POWER REQUIREMENTS 
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and r e q u i r e  only  minor m o d i f i c a t i o n s  t o  t h e  CSD because  of t h e  wide speed 

range (approximate ly  3 .4  :1) of  t h e  f a n .  

The pr imary  e l e c t r i c  power sys tem i n c l u d e s  a  g e n e r a t o r  c o n t r o l  un i r  GCU)  

f o r  each  g e n e r a t o r .  The GCU's w i l l  i n c l u d e  p r o v i s i o n s  f o r  v o l t a g e  r e g u l a t i o n  

and s t a n d a r d  p r o t e c t i o n  provlsLans (over/under vo l  t a g a ,  over /under  frequency j . 
The GCU' s ,  i n  ~ o r ~ j u n c t i o n  w i t h  a i r c r a f t  mounted c u r r e n t  t r a n s f o r m e r s ,  a l s o  

provide  f e e d e r  f a u l t  p r o t e c t  i o n .  

Secondary 28 v o l t  DC e l e c t r i c  power i s  s u p p l i e d  by two 100 amp t ransformer-  

r e c t i f i e r s  (TR'E]) e n e r g i z e d  by the a i r c r a f t  pr imary AC buses .  The TR o u t p u t s  

w i l l  be connected i n  a p a r a l l e l  bus arrangement .  TR c a p a c i t y  is such  t h a t ,  i n  

t he  e v e n t  o f  a TR f a i l u r e ,  the o p e r a t i v e  TR can p rov ide  t o t a l  a i r c r a f t  DC 

requi rements .  A monitored DC bus is  provided  which i s  a u t o m a t i c a l l y  deenerg ized  

durl.ng s i n g l e  gene ra to r  o p e r a t i o n  t o  minimize g e n e r a t o r  l o a d i n g .  The T R ' s  a r e  

f an-cooled u n i t s  and a r e  r e a d i l y  a v a i l a b l e  a f  f-the-shelf . 
Emergency e l e c t r i c  power is  s u p p l i e d  by a  24 v o l t  n i c k e l  cadmium b a t t e r y .  

Only e s r  n t i a l  l oads  w t l l  be ene rg i zed  d u r i n g  emergency o p e r a t i o n .  IL i s  

p r e s e n t l y  e s t ima ted  t h a t  an 11 amp hour  b a t t e r y  c a p a c i t y  will prov ide  adequate  

emergency c a p a b i l i t y .  No b a t t e r y  c h a r g e r  w i l l  be provided  i n  t h e  a i r c r a f t .  A 

f r e s h l y  cond i t i oned  b a t t e r y  w i l l  be provided  f o r  each  f l i g h t .  S u i t a b l e  b a t t e r i e s  

should  be r e a d i l y  a v a i l a b l e  from government i n v e n t o r i e s .  The l o c a t i o n  of t h e  

major e l e c t r i c a l  components i s  shown i n  F igu re  4-15. 

4.1.8 AVIONICS TEST EQUIPMENT - Piinimum a v i o n i c s  t o  accomplish the com- 

munica t ion ,  n a v i g a t i o n ,  d i s p l a y ,  and c o n t r o l  f u n c t i o n s  commensurate w i t h  t h e  

requi rements  of t he  f l i g h t  t e s t  demonst ra t ion  program a r e  i n s t a l l e d .  The f l i g h t  

c o n t r o l 0  a v i o n i c s  c o n t a i n s  s e n s o r s  and e l e c t r o n i c s  t o  p r o p e r l y  shape ,  s chedu le ,  

ampl i fy ,  and monitor t h e  i n p u t  s i g n a l s  s u p p l i e d  f o r  u s e  i n  d r i v i n g  t h e  appro- 

priate c o n t r o l  f u n c t i o n s .  The f l i g h t  c o n t r o l s  e l e c t r o n i c s  u t i l i z e  m u l t i p l e  

redundancy channel  t echn iques  i n  c o n j u n c t i o n  w i t h  r e d u ~ d a n t  s i g n a l  convers ion  

mechanisms t o  provide  fail o p e r a t i o n a l  f l i g h t  c o n t r o l .  F igu re  A - 1 6  shows the 

l o c a t i o n  of t he  major a v i o n i c s  components and t h e  weight l space .  . ~ q u i r e m e n t s  

are  shown i n  F igu re  4-17. Approximately 54 cu f t  of space ,  F i g u r e  4-18, is 

provided i n  t he  Eusel.age f o r  t h e  2500 11, of NASA s u p p l i e d  test equipmen:. 

4 .1 .9  FUEL SYSTEM - As d i s c u s s e d  i n  Repor t  MDC L3440, Volume IT, the use  of 

fuel i n  the T-39 wing r e s u l t s  i n  an e x c e s s i v e  r o l l  momenc of i n e r t i a .  The re fo re ,  

t o  l i m i t  the f u e l  t o  t h e  inboard  s e c t i o n ,  a major wing m o d i f i c a t i o n  was r equ i r ed  

t o  seal t h e  r i b  a t  Wing Rib 106. The T-39 i n t e g r a l  wing tank w a s  n o t  used due 
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MAJOR ELECTRICAL SYSTEM COMPONENTS 



FIGURE 4-16 
M260-RTA-1 

MAJOR AVIONIC COMPONENTS 
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t o  t h e  c o s t  a s s o c i a t e d  w i t h  these  r e q u i r e d  m o d i f i c a t i o n s .  Thc f u c l  is c o n t a i n e d  

i n  :wo f u s e l a g e  m o ~ n t e d  b l a d d e r  t a n k s .  The  lower  t ank  is used  as t h e  f eed  t a n k  

and ilas a c a p a c i t y  of 2400 l b .  The u p p e r  ~ a n l r  l u n c t i o n s  u s  d t r a n z f e r  t a n k  and 

has a c a p a c i t y  o f  3350 l b .  A schcmatlc of the f u e l  s y s t e m  and t h e  equipment  

l o c a t i o n s  i n  t h e  a i r c r a f t  are shown i n  F i g u r e s  4-19 and 4-20 r e u p e c t i v e l y .  

F u s e l a g e  volume Is a v a i l a b l e  i f  a d d i t i o n a l  t a n k a g e  i s  r e q u i r e d .  

Engine feed is  prov ided  by two e l e c t r i c a l l y  powered boos t  pumps l o c a t e d  i n  

t h e  f e e d  t a n k  and s i z e d  so  t h a t  e i t h e r  pump can s u p p l y  f u c l  to a l l  r h r a c  eng ines  

i n  t h e  e v e n t  o f  a pump f a i l u r e .  Bypass f e a t u r e s  a r e  p r o v i d e d  t o  a l l o w  e n g i n e  

Feed even w i t h  b a t h  pumps f a i l e d .  S u i t a b l e  pumps c a n  be found i n  c u r r e n t  

s e r v i c e  i n v e n t o r i e s .  F u e l  t r a n s f e r  t o  t h e  f e e d  rank  is  a c c o n ~ ; . L s h c d  by g r a v i t y  

f l o w ,  u t i l i z i n g  a minimum of components .  

The a i r c r a f t  is  r e f u e l e d  by f i l l i n g  the u p p e r  t r a n s f e r  t a n k  and g r s v i t y  

f i l l i n g  of clle o t h e r  t a n k .  A s i n g l e  l e v e l  c o n t r o l  v a l v e  s u f f i c e s  f o r  t h u  

sys tem.  The  f u e l  can be removed from t h e  a i r c r a f t  b y  s u c t i a n  d e f u e l i n g  u s i n g  

t h e  same c o n n e c t  p o i n t  as is  used f o r  s i n g l e  point p r e s s u r e  f u e l l n g .  

Climb and d i v e  v e n t s  a r e  p r o v i d e d  th rough  a v e n t  box l o c a t e d  i n  t h e  

ve r t i ca l  t a i l .  The v e n t  s y s t e m  c o n s i s t s  o f  f i x e d  t u b i n g ,  s i m p l e  check  v a l v e s ,  

and o f i x e d  g e o ~ n e t r y  s c a r f e d  t u b e  ve?t mast f o r  p r e s s u r i z a t i o n .  I n f l i g h t  fuel.  

j e t t i s o n ,  a e r i a l  r e f u e l i n g ,  and n e g a t i v e  ' g '  c a p a b i l i t i e s  arc n o t  i n c o r p o r a t e d  

i n  t h e  d e s i g n .  

4 .1 .10  ECS - A minimal ECS was i d e n t i f i e d  f o r  the RTA t o  b e  c o n s i s t e n t  w i t h  

t h e  law cost ph i losop ; ly .  A review of  t h e  equipment  and c o c k p i t  heat: l o a d s  

i n d i c a t e d  t h a t  the c o o l i n g  r e q u i r e m e n t s  c o u l d  be met with a s i m p l e  ram a i r  

sys tem.  Fans are a l s o  i n s t a l l e d  t o  p r o v i d e  ambien t  a i r f l o w  f o r  c o o l i n g  d u r i n g  

ground and low speed  o p c r a t l o n s .  C o o l i n g  f o r  t h e  e l e c t r o n i c  tes t  equipment  

i s  i n t e g r a l  w i t h  t h e  package .  E l e c t r i c  h e a t e r s  sre a l s o  p r o v i d e d  for  c o c k p i t  

h e a t i n g .  

4 . 1 . 1 1  FAN/ENGINE MOUNTING AND REMOVAL 

~ a n / E n g i n e M o u n r  System - The f a n / e n g i n e  combina t ion  as shown i n  F i g u r e  

4-21 i s  a  t h r u s t  b a l a n c e d  s y s t e m ,  whereby t h e  engine  mount s y s t e m  does  n o t  

s u p p o r t  any t h r u s t  l o a d s .  

The f o r w a r d  e n g i n e  mounts ,  F i g u r e  4-22, arc d e s i g n e d  t o  t a k e  v e r t i c a l  and 

i n b o a r d / o u t b o a r d  l o a d s  and a l s o  d o u b l e  a s  e n g i n e  removal  p i v o t  p o i n t s .  The aft 

h o r i z o n t a l  mounts are desigqed t o  t a k e  v e r t i c a l  l o a d s  o n l y .  The a f t ,  l o w e r  

c e n t e r  mount is  d e s i g n e 3  t o  take i n b o a r d l o u t b o a r d  l o a d s  o n l y .  All mounts a r e  
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FIGURE 4-20 
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MOUNT SYSTEM 
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designed t o  allow f o r  thermal expansion, There are two in - l ine  angulaCion 

bellows o f t  of  the  engine  exhaust  f l ange  t o  a l l aw For a i r  duct  d e f l e c t i o n s  

and t o  i s o l a t e  thcve londs from the  engine  case ,  

The fan sect ion has  n t h r e e  point equispaced mount system. The upper  

inboard mount i s  designed as the  main anchor suppor t ing inbonrd/ourboard loade,  

v e r t i c a l  londs ,  Furwnrd/aft loads and i s  used  f o r  ground handling. The lower 

inboard mount is designed t o  support  inbonrd/oucboard loads  and forward/af t  

loads. The outboard mount i s  designed t o  suppor t  Eorward/aft loads  and t o  

double as t h e  fan removal p i v o t  po in t .  

Outboard Engine Removal - The removal o f  the  outboard engine is i l l u s t r a t e d  

i n  Figure  4-23, and the  removal sequence would be as EolLows: 

( a )  Remove a i r  t u r b i n e  s t a r t e r  (ATS) i n l e t  duct  and forward n a c e l l e  in take .  

Remove r e a r  mount access doors and r e a r  duct  clamp access  door. 

(b) I n s t a l l  engine removal r a i l s .  

(c) Disconnect r e a r  duc t  clamp. 

(d)  Disconnect engine  m u n t s .  

(e) Remove c n g i n ~  forward along t h e  removal r a i l .  

Center Engine R e r e  - Three b a s i c  removal methgds were s t u d i e d  f o r  the 

center engine.  

( a )  Removal of engine  and d l v e r t e r  va lve  ducL assembly. 

(b), Removal of engine  and angled rear duc t ,  

(c) Controlled removal of engine and angled r e a l  duct .  

Metho6s (a) and (b) were e l iminated f o r  the fa l lowing reasons:  Method 

(a) - This approach requ i red  removal of l a r g e  s e c t i o n s  of cowl, pssocia ted  

s t r u c t u r e s ,  p lus  d i v e r L  r va lve  a c t u a t i o n .  The engines and duct  s e c t i o n  must 

be i n t r i c a t e l y  maneuvered up and aft: w i t h  the corresponding high r i s k  of damage. 

Method (b) - This approsc l~  requ i red  removal of the ATS and i n l e t  duct. The 

engine must be i n t r i c a t e l y  maneuvered t o  c l e a r  mount s t r u c t u r e  and engine  i n l e t  

cone, with corresponding h igh  r i s k  of damage. 

Method (c) provided f o r  a completely con t ro l l ed  removal sequence wi th  no 

i n t - i c a t e  engine maneuvering and low r i s k  of damage. The removal is i l l u s t r a t e d  

i n  F igure  4-24 and r e q u i r e s  t h e  fo l lowing sequence: 

(a) Remove requ i red  por t ions  of cowl, i n l e t ,  and ATS i n l e t  duct. 

( b )  Disconnect a f t  angled duct  clamp.  

( c )  Attach h o i s t  t o  e x i s t i n g  ground handling l u g s  ad jacen t  +o r e a r  engine  

mounts. 



FIGURE 4-23 
M260-RTA-1 

OUTBOARD ENGINE REMOVAL 

f; 
F W D  ENGINE MOUNf 

FIGURE 4-24 
M260-RTA- 1 

CENTER ENGINE REMOVAL 
$ HOIST FULCRUM 

VIEW LKE FWD 
9%- RND ENGINE 

t i o l s T  FULCRUM 
FWD MOUNT? 

FWD EMGIME MOUNTS 

REAR ENGINE 
MBLN T f RUNN lotJS 

AIR INLET DUCT 
AIR TURBINE STARTER) 

REAR EblGfNE 
M O W  T TRUNNIONS 

ERNATE ROUTING - 
AtR INLET DUCT 

(AIR TURBINE STARTER) ~ D w C T  CLAMP REMOVED 
FOR ENGINE REMOVAL , 
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(d)  Disconnect  rear eng ine  mounts and h o l u t  eng ine  u s i n g  forward eng ine  

~nounts  as h o i s t  p i v o t  p o i n t s .  

(e) Disengage front: mount p i n s  and remove eng ine  assembly v e r r i c a l l y  

and ove r  t h e  wing. 

Fan Mounted Accessory I n s t a l l a t i o n  - Tho accessory arrangement shown i n  

F igu re  4-25 was coord ina t ed  w i t h  GE t o  i n t e r f a c e  w i t h  the  e x i s t i n g  f a n  gearbox 

arrangement. The l e n g t h  of  t h e  CSD/generator package r e q u i r e d  a modif ied  aft 

fan  f a i r i n g  t o  p rov ide  adequate  c l e a r a n c e .  The s e r v i c e  l ines ,  i . e . ,  h y d r a u l i c  

and e l e c t r i c a l ,  a r e  r o u t e d  through a s e r v i c e  s t r u t .  The s t r u t  p o s i t i o n  pro-  

v i d e s  a n e u t r a l i n s t a l l a t i o n  and t h e  l i n e s  a r e  rou ted  a l o n g  t h e  wing r e a r  spar 

t o  t h e  a i r c r a f t  f u s e l a g e .  The a f t  f a n  f a i r i n g  and s e r v i c e  s t r u t  are e a s i l y  

removable f o r  maintenance.  

A%r Turbine  S t a r t e r  (ATS) I n s t a l l a t i o n  - The ATS i s  mounted on the forwfrr(l 

face of t h e  e x i s t i n g  e n g i n e  gearbox. The ATS i n l e t  i s  l o c a t e d  d i r e c t l y  below 

t h e  eng ine  i n  t h e  forward n a c e l l e  on t h e  outboard  eng ines  and on t h e  l e f t  s i d e  

of t h e  forward n a c e l l e  on t h e  c e n t e r  engine .  An a l t e r n a t e  l o c a t i o n  f o r  t h e  

c e n t e r  eng ine  ATS i n l e t  would be  on t h e  l e f t  s i d e ,  lower fuse l age .  The ATS 

exhaus t s  d i r e c t l y  i n t o  the engine  compartment. 

Lift Fan Removal - A c o n t r o l l e d  removal technique  i s  used f o r  t h e  forward 

f a n  assembly t o  minimize t h e  r i s k  of damage. The forward e x i s t i n g  mount p o i n t  

s u b s t i t u t e s  as t h e  ground hand l ing  pivot: p o i n t .  The remaining two e x i s t i n g  

mount p o i n t s  p rov ide  f o r  ground hand l ing  a t tachment .  The removal sequence  i s  

a s  fo l lows  : 

(a )  Remove cowl i n l e t  duct  t o  p r o v i d e  acces s  and removal c l ea rance .  

(b) Disconnect  gimbal ,  valve a c t u a t o r ,  and s e r v i c e  l i n e s .  

(c)  Connect ground h o i s t  t o  two a f t  mount ground hand l ing  l u g s .  

(d) Cisengage f a n  assembly from two a f t  mounts. 

(e)  L i f t  f a n  assembly u s i n g  remaining forward mount as p i v o t .  

( f )  Disengage forward mount p i n  and remove fan assembly v e r t i c a l l y .  

The f a n  remnval i s  i l l u s t r a t e d  i n  F i g u r e  4-26, I 

~ i f t / C r u i s e  Fan Removal - Cont ro l l ed  removal t echn ique  i s  a l s o  used  f o r  

t h e  l i f t / c r u i s e  fan assembly,  The outboard  e x i s t i n g  mount p o i n t  a l s o  serves 

as t h e  p i v o t  p o i n t  d u r i n g  f a n  removal. The remaining two e x i s t i n g  mount p o i n t s  

p rov ide  f o r  ground hand l ing  a t tachment .  The removal sequence i s  as fo l lows :  

( a )  Remove forward n a c e l l e  and a s s o c i a t e d  s t r u c t u r e s  t o  g a i n  n e c e s s a r y  

acces s  and removal c l ea rances .  



FIGURE 4-25 
M260-RTA-1 
FAN MOUNTED 

ACCESSORY INSTALLATION 

ELECT. . 



FIGURE 4-26 
M260-RTA-7 

FORWARD FAN REMOVAL 

/ 
Q ~orsT TRAVEL 

0 EXISTING MOUMT POINT AND HQtST 

Fur-CRUIVI . 

EXISTING MOUNT POINT A N D  H0157 

POihlT 

_D DISCONNECT DUCT & GIMBAL 
FOR ENGINE REMOVAL 
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(b) Rcntovc lower s t r u t  f a i r i n g  and disconnect: service l l . n c s ,  

( c )  Disconnect feeder d u c t  upstream of ETnC va lve .  Disconnect valve 

nc t u a t o r .  

Id)  At tach  grounr! handl ing  hoist to upper  inboard mount p o i n t ,  

(c) Dipcanilcct upper  and lowcr inboard  mounts. 

(E) L i f t  fun assembly about  p i v o t  IJ l i n t  u n t i l  f an  ar ::embly weight  is  

suppor ted  by t h e  h o i s t .  

(g) Disengage p ivo t  p i n  and renmvo fan assembly forward. 

The l i f t / c r u i s c  fan assembly removal 15 illustrated i n  F igure  4-27. 

FIGURE 4-27 
M260-RTA-1 
FAN REMOVAL 

y F A N  MOUNT 4 H01St POINT 

FAN MOUNT & HOIST FULCRUM 

I 

4 . 2  MECHANICAL RTA 

4,2.1 -.. GENEPbZ ARRANGEMENT - The mechariical RTA airframe is v i r t u a l l y  i den t i ca l .  

t o  the t u r b o t i p  RTA and ref lects  a maximum u t i l i z a t i o n  of GFE components as 

illustrated i n  F igure  4-28. The primary difference between the two a i r c r a f t  

is that  the T-39 a f t  f u s e l a g e  and t a i l  are modi f i ed  rather than us ing  the F-101 

empennage. T h i s  change was made to  r educe  weight ,  The p ropu l s ion  sys tem con- 

s ists  of t h r e e  XT701 engines  powering t h r e e  mechanical ly in t e rconnec ted  62-inch 

diameter  variable p i t c h  fane ( s e e  Volume TI) . The 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 shown i n  Pigure 4-29. The g e n e r a l  arrangement, 
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FIGURE 4-28 
MECHANICAL RTA 
MODEL 760-RTA-2 

T-39 WlNG AND CENTE-R FUS€LAGE 
A-6 COCKPIT AND EJECTION SEATS 

a A-4 LANDING GEAR 
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FIGURE 4-29 
DIMENSIONAL AND DESIGN DATA 

MECHAN I CAL RTA 

STWW (lb) 27,913 
(N) 121,157 

VMCW ( l b )  25,670 
(N) 114,180  

OWE ( i b )  20,260 
IN 90,116 

Overall Lcn&th ( E t )  52.09  
b) 15.88 

Wing Span ( f t )  4 4 . 4 3  
(a) 13.54  

Height (f t) 3 6 . 6  
(4 5.06 

Crew 
Provisions (No.) 2 

Max. Internal ( l b )  5,400 
Fuel (N) 24,019 

wetted areas, and cross s e c t i o n a l  areas of the a i rc ra f t  are shown i n  Drawing 

Model 260-RTA-2, Sheers 1, 2 and 3. 

4.2.2 AIRFRAME - The fuse lage  i s  e s e e n t i a l l y  t h e  same as t h e  t u r b o t i p  ETA 

w i t h  the exccption that  the T-39 cen te r  and a f t  fuselage are modified t o  

accommodate t he  lower fuse lage  mounted engine and the mechanical transmfssion.  

The wing and cockpit  a r e  i d e n t i c a l  to  t h a t  used f o r  the tu rbo t ip  RTA. The 

v e r t i c a l  t a i l  i s  a modified T-39, Figure  4 - 3 0 ,  and the h o r i z o n t a l  t a i l  I s  new 

cons t ruc t ion  v i c e  the F-101 empennage used on t h e  ru rbo t ip  RTA. This change 

i n  the t a i l  saved about 544 lb, thereby providing an adequate engiDe out T/W 

margin. 

s ( e t a )  
(m2) 

liR 

A 

b ( E t )  
(m) 

Ac/4 
t /c (2 Raot/Tip) 

M r f a i l  (Root) 

A i r f o i l  (Tip)  
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Wing 

34 2 
31.77 

5.77  

,323 

44.43 
13.54 

28.56 

31 ,3 /9 /36  

64A 5eriri.a 

EiodiEicd 

Horizontal  Toil 

90.97 
8 . 4 5  

4 .095  

,400 

19.3 
5 . 8  

23.0 

10 .0 /8 .0  

64A010 

64AO08 

- 
Vertical Toil 

77.0 
7,L5 

914 

.4% 

8.417  
2.57 

38.3 

bO.O/'! .O 

63AO10 

63A010 



FIGURE 4-30 
M260-RTA-2 

EMPENNAGE/AFT FUSELAGE 

0) AFT F U 5ELAGE 

n NEW ~ T R ~ C T ~ R E  

EX\ST\NG T-39 STRUCTURE 

4.2 .3  PROPULSION SYSTEM - The p r o p u l s i o n  system, illustrated i n  F i g u r e  4-32, i s  

composed of  t h r e e  Allison XT701 engines  d r i v i n g  t h r e e  Hamilton Standard  v a r i a b l e  

p i t c h  fans. The engines and fans are i n t e r c o n n e c t e d  by a mechanical  t r ansmis s ion  

system c o n s i s t i n g  of s h a f t s ,  combiner gearbox and a l i f t  f a n  clutch, F igu re  3-30. 

The l i f t / c r u i s e  fan assembl ies  (two) are l o c a t e d  above t h e  wing and 

adjacent t o  t h e  f u s e l a g e .  The engine ,  mounted directly behind the fan, is 

i n t e g r a t e d  i n t o  t h e  l i f t / c r u i s e  n a c e l l e .  Fan supercharged  a i r  i s  induc ted  i n t o  

t h e  e n g i n e  and exhaus ted  toge the r  w i t h  fan by-pass a i r  through t h e  t h r u s t  

v e c t o r i n g  nozzle.  L i f t / c r u i s e  f a n  speed  i s  reduced below f r e e  t u r b i n e  speed 

by a p l a n e t a r y  gear  set. An overrunning c l u t c h  i n s t a l l e d  ahead of  the engine  

between the engine and the p lane ta ry  set permits ove r runn ing  i n  the event of 

an e n g i n e  f a i l u r e .  The A l l i s o n  XT701 engine i s  coupled w i t h  a Hamilton 

Standard  variable p i t c h  fan t o  form t h e  compound t u r b o f a d s h a f t  engine u n i t  

i d e n t i f i e d  as the Allison PD370-25A. The f a n  assembly i n c l u d e s  a s p i r a l  beve l  

gea r  set t o  t r ansmi t  power t o  t h e  o t h e r  two f a n s  f o r  c o n t r o l  power o r  power 

t r ansmis s ion  dur ing  an eng ine  o u t  c o n d i t i o n .  
MCDQWNELL AIRCRAFT COMPANY 
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FIGURE 4-31 
MODEL 260-RTA-1 

PROPULSION SYSTEM 

The l i f t / c x u i s e  fan gea r  arrangement,  shown i n  F i g u r e  4-32, was s e l e c t e d  

a f t e r  discussions w i t h  DDA. The s e l e c t e d  arrangement r e s u l t e d  i r ~  a 1 3  inch  

s h o r t e r  assembly and a weight  s av ings  of 50 t o  100 lb p e r  engine,  Another 

benefit of  t h i s  arrangement i s  t h a t  i f  a r e d u ~ r i o n  g e a r  set fails, the affected 

fan would s t i l l  b e  o p e r a b l e  f o r  both t h r u s t  and c o n t r o l .  

The Hamilton Standard  variable pitch lift fan i s  l o c a t e d  forward of t h e  

cockpit. The f a n  assembly i n c l u d e s  a s p i r a l  bevel gear set t o  t r a n s m i t  power 

f rom the forward drive s h a f t .  Power i s  t r a n s m i t t e d  from t h e  combiner gearbox 

t o  t h e  l i f t  fan th rough a wet disk c l u t c h  which provides f o r  disengagement of 

the f a n  during ground operation, if d e s i r e d ,  o r  i n  the c r u i s e  mode. 
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FIGURE 11-32 
M260-RTA-;1 

LIFT/CRUISE FAN GEAR ARRANGEMENT SELECTION 

S ELECTED ARRANGEMENT: C~NF IGURAT\ON"A"  

The t h i r d  ( c e n t e r )  engine d r i v e s  i n t o  the  combiner gearbox th rough a 

spu r  gea r  s e t  i n t o  t h e  t r ansmis s ion  system. The combiner box a l s o  a c c e p t s  

power from t h e  two l l f t / c r u i s e  engines  f o r  d i s t r i b u t i o n  d u r i n g  c o n t r o l  excur- 

s i o n s  and engine o u t  o p e r a t i o n .  

The thrust v e c t o r i n g  and yaw c o n t r o l s  are t h e  same as d i scussed  f o r  the 

t u r b o t i p  RTA. 

A design and development s tudy  f o r  t h e  mechanical t r ansmis s ion  sys tem 

was subcon t r ac t ed  t o  D e t r o i t  Diesel A l l i s o n  (DDA) through MCAIR Work Sta tement  

WS-SDPS-860. Study ground r u l e s  and r e s u l t s  o f  the DDA effort are presented 

i n  Volume I1 of t h i s  r e p o r t .  

4.2.4 ACCESSORY INSTALLATION - A s tudy was conducted o f  a l t e r n a t e  ways t o  

d r i v e  the h y d r a u l i c  pumps and CSD/generators. One approach used a power takeoff 

from t h e  combiner box t o  d r i v e  a s e p a r a t e  gearbox f o r  t h e  two pumps and two 

CSD/generators. This approach r e s u l t e d  i n  additional development costs, a 



weight inc reosc ,  and a p o t e n t i a l  s i n g l e  po in t  En i lu rc  f o r  a l l  hydraulic and 

c l c c t r l c n l  power. Since  IIDA was In  t h e  process  of  r edes ign ing  t h e  engine 

a c c e s s o r i e s ,  it was d e c i d e d  t o  ~neunt: the hydrnulic pumps and CSD/gen~rntot- 

d i r e c t l y  on the engine.  This s e l e c t e d  approach was c o s t  cffccLivc and provided 

a dun1 power source,  

The accessory conf igura t ion  shown i n  Figure 4-33 was s e l e c t e d  for the. 

fo l lowing reasons:  

o The CSD and generator  was r e a d i l y  a c c e s s i b l e  commensurate wi th  the 

higher maintenance requirements.  

o The o i l  pump was loca ted  near the bottom of t h e  engine gearbox t o  

provide optimum scavenging. 

o The ATS was l o c a t e d  so t h a t  t h e  i n l e t  duct  (which i a  f l u s h  w i t h  the  

engine chroud) is a c c e s s i b l e  from t h e  lower v e c t o r  doors. A s t a r t e r  

c a r t  hose extension would preclude the  n e c e s s i t y  of having the  

ground crew p l a c e  t h e i r  arms through the a c t u a t e +  ~ e c t o r  doors.  The 

ATS exhaust i s  d i r e c t e d  i n t o  the  shrouded engine compartment. 

o The main f u e l  pump and c o n t r o l  are loca ted  a d j a c e n t  t o  an e x i s t i n g  

s t a t o r  thereby shor tening f u e l  l ines  . 
o The hydrau l i c  pump was loca ted  above a d r i p  sh ie lded  CSD/generator, 

A l l  f u e l  and water l i n e s  were routed through an e x i s t i n g  major s t a t o r  which 

was s e p a r a t e  from the e l e c t r i c a l  and h y d r a u l i c  l i n e s .  The a i r c r a f t  hydrau l i c  

and e l e c t r i c a l  Lines were routed through another  e x i s t i n g  major s t a t o r  and were 

i n  t ~ r n  separa ted i n  t h i s  s t a t o r .  The f a n  variable p i t c h  hydrau l i c s  were 

l o c a t e d  i n  the forward s e c t i o n  of t h i s  same s t a t o r ,  These s t a t o r s  would a l s o  

house t h e  forward/lower engine support  s t r u t s .  Due t o  t h e  n e u t r a l  accessory  

i n s t a l l a t i o n ,  the s e r v i c e  l i n e s  change r o u t i n g  i n  the a i r f rame  s e c t i o n  b u t  not  

i11 t h e  engine compartment thereby r e s u l t i n g  i n  minimum engine  bui ldup requlre-  

ments. A l l  i n t e r f a c e s  were coordinated wi th  DDA. 

4.2.5 SUBSYSTEMS - The des ign approach f o r  the  a i r c r a f t  subsystems w a s  i d e n t i c a l  

t d  t h a t  used i n  the  turbo t i p  RTA. The component d i f f e r e n c e s ,  which are p r i -  

marily assoc ia ted  wi th  t h e  mechanical propuls ion system, are desc r ibed  i n  t h e  

fo l lowing , 

The hydrau l i c  system d i f f e r s  i n  t h a t  t h r u s t  modulation i s  c o n t r o l l e d  by 

b lade  pitch a c t u a t o r s  ve r sus  ET~C/TRM and t h e  pumps are engine, mounted. The 

h y d r a u l i c  power genera t ion  and f l i g h t  control component l o c a t i o n s  are shown 

i n  F igures  4-34 and 4-35, r e spec t ive ly .  The landing gear  and brake subsystems 

a r e  i d e n t i c a l .  
M C I D O W W E L L  AIRCRAFT COMPANY 
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FIGURE 4-34 
M260-RTA-2 

MAJOR HYDRAULIC POWER GENERATION AND UTILITY COMPONENTS 

@ NOSE LAND. GEAR ACTUATOK 

@ FLAP ACTUATOR 

@ M A\N LAND. GEAR ACTUATOR 

@ ENGLNE DR\VEM PUMP 

8 F\LTEK 'MODULE 

@ RESERVO\R 
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FIGUI iE 4-35 
M260-RTA- 2 

MAJOR HYDRAULIC CONTROL COMPONENTS 

a BLADE PITCH ACTUATOR, L! F T  FAN 

@ YAW CONTKOL ACTUATOR 

@ TR\PLEX SIGNAL CONVERS\ON MECH. 

@ L\FT FAN CLUTCH ACTUPITOR 

@ AILERON ALTUATOR 

WOOD rnvd cat-nwt 
MOTOR/VALVE 

0 RUOOEq htTUhTOP, 

@ HOW TNL KTU h~ot- '  
@J \-\OoD THRUST VECTOR 

MOW R/VALV E 

@ THRU5T VFCTOWG 
~ c r v ~ r o ~ ,  w r  FAN 10 

The e l e c t r i c a l  system i s  e s sen t i a l l y  the aame except t h a t  the  CSD/generators 

a r e  mounted on the  engines.  Each CSD/generator i s  cooled through a f u e l / o i l  

heat  exchanger which i s  i n t e g r a l  with the  engine f u e l  system. Since the engine 

speed range is  lower than t h e  tu rbo t ip  fan speed range, t h e  sel-ected CSD can 

be used without modification. 

The avionics  a r e  identical t o  the t u r b o t i p  RTA system and a d d i t i u n a l  apace 

f o r  test equipment is  provided a s  shown i n  Pigure 4-36. The fuel system is 

the same sxcept that smaller fuselage f u e l  tanks a r e  used. The tank c a p a c i t i e s  

are 4700 Lb in the  feed tank and 700 l b  i n  t he  t r a n s f e r  tank. 

The primary f l i g h t  controls are also t h e  same except f o r  the uae of bladc 

p i t c h  c o n t r o l  ins tead  of ETaC. The power management c o n t r o l s  are t h e  same 

except the t h r o t t l e s  are control-by-wire instead of mechanical. 

The ECS is i d e n t i c a l .  An air cooled h e a t  exchanger i s  provided t o  cool  

t h e  combiner gearbox l u b e  o i l  system. 
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FIGURE 4-36 
M260-RTA-2 

TEST EQUIPMENT BAYS 
VOLUMEIACCESS 

@ - V O L U / M E - / ~ . ~ C ~ . R :  i0~7-10 
/B.O IU LVG. A€/GhrTu Z0rO WIDJhl 

c R H PANELS ACCESS- L/H ,' / 
@-VOLUME- JZOCU.FI: PERSDE 

2 2 . 5 / ~  AVG WIDTU r Z8,Slt~ AVC, W G f f  Tx 
/OD t l  LFkt~7-# 

ACCESS - R/L S/&F H/&GEB ~ o m i  

A-A 

4.2.6  TRANSMISSION GEARBOX COOLING - The combiner gcarbox/clutch assembly 

fo r  t h e  transmission sysLem, discussed i n  Volume I T  of this r e p o r t ,  has a 

s i g n i f i c a n t  h e a t  r e j e c t i o n  r a t e  and requires cool ing dur ing a l l  f l i g h t  modes, 

Figure 4-37. Th i s  h e a t  rejection c o n s i s t s  of windage losses, gear l o s s e s ,  

and clutch engagement hear d i s s i p a t i o n .  Since a l a r g e  p a r t  of the a i r c r a f t  

opera t ing  l i f e  w i l l  be spent i n  the powered lift mode, i t  was decided t o  pro- 

v ide  coolf.ng capacity for only the windage and gear l o s s e s  (3100 ~ ~ ~ / m l n )  

and consider  the clutch engagement heat  to  be a t r a n s i z n t  condi t ion.  

Various hear d i s s i p a t i o n   method^, i.e., water ,  water b o i l e r ,  f u e l / o i l  

and a i r / o i l ,  were analyzed. The weights of t h e  water and w a t e r / e t h y l  a lcohol  

heat: sinks were found t o  b e  p r o h i b i t i v e ,  A water b o i l e r  augmented by a f u e l /  

o i l  heat exchanger provided a significant weight decrease;  however, the  com- 

plexity and develop men^ were determined t o  be excessive for an RTA. 

The f u e l / o i l  h e a t  exchanger is  normally the light weight, low volume 

approach and was analyzed. It was found t h a t  a fuel flow r a t e  of approximately 
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FIGURE 4-37 
MODEL 260-RTA-2 

COMBlNER GEAR BOX HEAT REJECTION 

/- 
START OF ~ U T Q I  ENGACWNT 

16,000 l b l h r  was xequtred t o  coo l  t h e  3100 BTU/min h e a t  load and s t i l i  provide  

an  accep tab le  f u e l  temperature (135°F) t o  the engine. This f u e l  flow r a c e  i s  

about twice t h a t  a v a i l a b l e  dur ing powered l i f t  opera t ions .  Therefore,  t h e  

f u e l / o f l l  hea t  exchanger approach was dismissed. 

It was found t h a t  t h e  s imples t  and l i g h t e s t  weight system was a n  a i r / o i l  

hea t  exchanger using an e l e c t r i c  f a n  f o r  a i r  f l o w  dur ing low speed opera t ion.  

The s e l e c t e d  heat exchanger is compattble wi th  t h e  3100 ~TU/min cool ing require-  

ments. The large thermal mass o f  t h e  combiner gearbox and l u b e  o i l  ~ystem w i l l  

r e s t r i c t  t h e  temperature t o  r easonab le  l e v e l s  dur ing  t h e  c l u t c h  engagement 

c y c l e ,  

The cooling for the  l i f t / c r u i s e  engine gearboxes anll t h e  l i f t  fan  gearbox 

is provided integral with the u n i t s .  

4 . 2 . 7  FAN/ENGLNE MOUNTING AND REMOVAL 

In tegra ted  Pan/Engine Mount System - The i n t e g r a t e d  Ean/engine mount system, 

shown i n  Figure 4-38, i s  comprised of two forward t r u s s  s e t s  and three r e a r  

s t r u t s .  
IbaCDOR4ELL AlRCPPAFI COMPAlVY 
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FIGURE 4-38 
M260-RTA-2 

ENGINE MOUNTS 
\ 

5 4 O  TO YORIZ PLANE 35'' (TY F! 2 PNS) 

_- -- - 
-- 

ENGINE MOUNT 
ANGU LAR ADAPTOR 

- ...--* 
16" TO HORlZ PUNE 

. - - -..+ * -  -- - 
16" TO HORl Z 
PLANE 

The forward t r u s s  sets each c o n s i s t  of two s t r u t s  inc l ined  a t  40' t o  each 

o the r  i n  the  fo rward /a f t  plane. The upper inboard t r u s s  n e t  Is i n c l i n e d  a t  

54' above t h e  h o r i z o n t a l  and t h e  lower inboard t r u s s  set i s  i n c l i n e d  a t  18' 

below the hor izon ta l .  These angles co inc ide  wi th  t h e  major  s t a t o r  angles .  

Aerodynamic f a i r i n g s  a r c  provided,  

The t h r e e  rear s t r u t s  are arranged a s  two p a r a l l e l  s t r u t s  i n c l i n e d  a t  

18' below the h o r i z o n t a l  wi th  the t h i r d  s t r u t  as  a d iagona l  brace.  These 

s t r u t s  are Eaired so a s  t o  provide  minimum impact on a i r f low.  An a n g u l a r  

adap te r  r i n g  i s  provided s i n c e  the e x i s t i n g  a f t  engine  mount pad i s  i n c l i n e d  

a t  30' belaw t h e  h o r i z o n t a l .  

The lower forward t r u s s  se t  is  designed t o  c a r r y  the  forward/af t  loads, 

inboard/outboazd l o a d s  and t h r u s t  l o a d s  i n t o  the  fuse lage .  The upper forward 

t r u s s  s e t  i s  designed t o  c a r r y  t h e  vertical and yaw l o a d s  and the r e a r  s t r u t s  

ca r ry  t h e  v e r t i c a l  l o a d s ,  inboard/outboard loads and torque.  

Fan S t a t o r  Arrangement - There are two types of  s t a t o r s  used - major and 

minor. The s t a t o r  arrangement c o n s i s t s  of 10  s t a t o r s ;  4 major s t a t o r s  and 

G minor a s  shown i n  Figure 4-39. The major s t a t o r  chord length i s  approximately 

nS6LIQhlNEkb AIRCRAFT C O M P A N Y  
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FIGURE 4-39 
M260-RTA-2 

STATOR ARRANGEMENT 

MINOR STATOR 
(6 PLGES) /- i 

FAN VARIABLF PITCH 
HYDRAULICS 

42.0'' with a maximum aection depth of 2.6". The major s t a t o r  space envelope 

is  utiLlzed a s  fol lowe: 

Left Engine 

Upper inboard stator con.tsins main fan/e,ngine suppor t  s t r u t s ,  

Lower inboard a t a t o r  contains main fan/engine support atructa,  cross 

dr ive  shaft, hydraulic and e l e c t r i c a l  l i n e s  and fan 

var iab le  p i t c h  hydraulic l ines ,  

Lower outboard s ta tor  contains f u e l  and water l i n e s ,  

Upper outboard e t a t o r  i s  unused. 

Right Engine 

Upper inboard s t a t o r  contain 3 main Ean/engine suppor t  e t r u t s  . 
Lower inboard s t a t o r  contains fuel and water l i n e s ,  cross drive shaft 

and main fanlengine suppor t  s t r u t s .  

Lower outboard stator contains hydraulic and e l e c t r i c a l  l i n e s  and fan 

variable p i t c h  hydraulic Linee. 

Upper outboard atator I s  unused. 

The 6 minor strute have a chord length  of approximately 13.6" and maxiinurn 

section depth of approximately 1.25". The minor s t a t o r a  are equispaced angularly 

a t  36' and contain no service l i n e s .  
IWCDMAlBLL 4CRCHAIFr COMPANY 
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FIIIIIC A4551 
VOLIIMC I 

Outboard E n ~ i n e  Rcmoval - Both the  engine and Enn assembly must be removed 

simultnncously s ince  they  a r e  an i n t e g r a t e d  nssc~nbly.  Tile i n t e g r a t e d  a a ~ e m b l y  

approach was accepted f o r  the RTA e lnce  i t  was c o s t  e f f e c t i v e  and r e s u l t e d  i n  

n weight snvlng of approximately 120 Ib /engine  assembly. Thia approach was 
a l so  c o n s i s t e n t  with t h e  RTA pl-iilosophy o f  no t  paying a  pena l ty  f o r  maintain- 

a b i l i t y .  

The removal sequence is  d i c t a t e d  by e x i s t i n g  mount f e a t u r e s ,  a i r f rame  

mount suppor t ,  a c c e s s i b i l i t y  and i n t e g r a t e d  fnn/engine  rcmoval, Three removal 

concepts were s t u d i e  f : 

(a) Ren~oval of i n t e g r a t e d  fanlenginc  aft via  v e c t o r  doors 

(b) Removal o f  integrated Ean/engine outboard and s i d e ~ a y s  over  the wing 

(c) Controlled removal of i n t e g r a t e d  fan/engino up and over t h e  wing 

Methods (a) and (b) were e l iminated f o r  the fo l lowing reasons:  

Method (a): Fan/engine package m u ~ t  be c a r e f u l l y  maneuvered i n  a very  

r e s t r i c t e d  area t o  c l e a r  mount suppor t  r i ng ,  Rear vector  doars, actua- 

t i o n  and support s t r u c t u r e  must be removed. Pan/ongine package must be 

c a r e f u l l y  maneuvered a f t  and dam through a very r e s t r i c t e d  a r e a  with 

r e s u l t a n t  h igh  risk of damage. 

Method ( b ) :  Fan/engine package must be maneuvered forward and sf,deways 

t o  c l e a r  engine suppor t  r ing.  The turbine s e c t i o n  must a l s o  c l e a r  the  

exhaust  cowl s t r u c t u r e .  This would r e q u i r e  c a r e f u l  maneuvering w i t h  

corresponding high r i s k  of damage. 

Method (c) was s e l e c t e d  and provides f o r  a completely c o n t r o l l e d  removal 

sequence w i t h  no i n t r i c a t e  Ean/engine package maneuvering. 

The removal sequence shown i n  Figure  4-40 i s  a s  fo l lows:  

(a) Remove requ i red  por t fons  of cowl, i n l e t ,  and s t a t o r  f a i r i n g s  t o  gain  

necessary access .  

(b) Disconnect s e r v i c e  l i n e s  and remove engine exhaust  t a i l  cone. 

(c) Attach  ground handling suppor t  bracket t o  e x i s t i n g  ground handling 

lugs .  At-;ach main ground handl ing suppor t  arm t o  s t r u c t u r e  and t o  

above support  bracket providing a p i v c t  l i n e  parallel t o  engine 

c e n t e r l i n e .  

(d) Attach ground h o i s t  l ines  t o  e x i s t i n g  forward and a f t  outboard engine 

mount pads. 

(e) Disconnect forward and r e a r  engine suppor t  s t r u t s .  

MCDONNELL A8RCRAFF COMPANY 
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FIGURE 4-40 
M260-RTA-2 

OUTBOARD ENGINE REMOVAL 

/'- 
GROUND SUPPORT 
EQUIPMENT 

HOIST FULCRUM 

.NOTE ;TAI, CONE REMOVED FOR ENG\NE REMOVAL. 
I N T E G ~ E D  FAN/ENGLNE REMOVAL SAVES NO LBS. 

@ HOIST FULCRUM. 

HOIST POINTS USING EXISTING. 
UNUSED htOUNT POINTS, 

$ EXISTING GROUND UNDL1hIG POINTS 

( f )  Swing eng ine  up and outboard  us ing  p i v o t  l i n e  provided,  u n t i l  t h e  

h o i s t  p o i n t s  are ver t ica3-  and suppor t  the f an /eng ine  package. 

(g) Disengage p i v o t  p i n s  and remove f an /eng ine  package outboard  and 

over t h e  wing. 

Center E n ~ i n e  Removal - The removal sequence i s  d i c t a t e d  by e x i s t i n g  eng ine  

mounting features, mounting support t o  airframe and a c c e s s i b i l i t y .  Access t o  

t h e  e n g i n e  i s  gained v i a  ''bomb bay" t y p e  access doors  i n  t h e  lower  fuse l age .  

The removal sequence would be as foLLows and is  shown in F i g u r e  4-41. 

(a) Disconnect drive shaft a t  aft face of  combiner gearbox. 

(b) Remove s e c t i o n  of d u c t  a f t  of eng ine  exhaust tail cone. 

(c) Disconl!. .~% s e r v i c e  l i n e s  t o  engine. 

(d) At tach  ground s u p p o r t  cart t o  eng ine  ground hand l ing  p o i n t s  provided 

on  engine  mount b r a c k e t s .  

A3b:DONAIELL AIRCRAFT COMPANY 
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FIGURE 4-41 
M260-RTA- 2 

CENTER ENGINE REMOVAL 

- .-1 
SHAFT D I ~ & N ~ B  .+ j'* 

/- 
FOR ENGINE REMOVAL 

DUCT REMOVED 
FOR E N O I N Z  

----_ -.- 
-/ 

/ 
A[R 1IJLET DUCT- 

(AIR T U R B ~ N E  STARTER) k ACCESS DOOR 
(ENGINE B A Y )  EXlsl'lNG MOUNT PAD 

(e) Disconnect engine mount b r a c k e t s  from a i r f rame  and t r a n s l a t e  engine 

a f t  s u f f i c i e n t  t o  gain a c c e s s  t o  shaft coupling.  

(f) Disconnect s h a f t  coupling a t  engine and lower engine from ai r f rame,  

Forward Fan Removal - A c o n t r o l l e d  removal technique i s  used t o  remove t h e  

forward f a n  assembly. The e x i s t i n g  f a n  assembly has a b o l t  hole mounting f lange.  

Since t h e  60 holes  a r e  not  necessary for lnounting purposes a t h r e e  pos i t ion  

equispaced mount f e a t u r e  was used,  F igure  4-42. Two of t h e  mounta would p ick  

up a s e r i e s  of e x i s t i n g  h o l e s  in t h e  f a n  assembly and then be  secured t o  the  

airframe. The t h i r d  mount would p rov ide  a p i v o t  p o i n t  and ground handl ing lug.  

The removal sequence would be as follows: 

(a) Remove cowl and assoc ia ted  s t r u c t u r e s  t o  ga in  necessary access  and 

removal c learances .  

(b) Disconnect d r i v e  s h a f t  at fan assembly coupling. 

( c )  Attach ground handling a i d s  ad jacen t  t o  two forward mount p o i n t s .  

(d) Attach hoist t o  these  two a ids  and disconnect  fan assembly from 

two forward mounts. 
MCDQRTNELL AIRCRAFT COMPANY 



FIGURE 4-42 
M260-RTA-2 

FORWARD FAN REMOVAL 

FAN MOUNT 
VIEW 'A-A' 

-f HOI ST POINT # FAN MOU!VT 

+. HOIST FULCRUM h FAN MOUNT 

D D ISCO~JNECT DRIVE S M F T  
FOR f rJGlNE REMOVAL 

( e )  H o i s t  f a n  assembly t o  ba lanced  h o r i z o n t a l  p o s i t i o n .  

(f) Attach f u r t h e r  hoLs t  t o  ground hand l ing  l u g  provided  on rear p i v o t /  

mount p o i n t .  

(g) Disengage p i v o t  p i n s  and h o i s t  f a n  vertically o u t  of airframe. 

4.3 WEIGHTS 

The w e i g h t ,  balance, and i n e r t i a  summaries f o r  t h e  t u r b o t i p  and mechanical 

c o n f i g u r a t i o n s  a r e  p r e s e n t e d  in Figures  4-43, 4-44, and 4-45 respectively. 

Bath a i r c r a f t  are capable o f  a limit: load  f a c t o r  of 2.5 g at a 25,000 lb BFDGW. 

The two configurations are derivatives of the T-39 Sabreliner w i t h  the 

fo l lowing  excep t ions .  Model 260-RTA-1 (turbotip) utilizes t h e  aft fuselage 

and empennage of t h e  F-101 with  a pneumat i ca l ly  i n t e r c o n n e c t e d  p r o p u l s i o n  

MCDOIVNELL AURCRAFT COMPANY 
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FIGURE 4-43 
RTA AIRCRAFT GROUP WEIGHT STATEMENT 

f TGM -- 
WING 
VDIITICAL TAIL 
HORIZONTAL TAIL 
FUSELAGE 
NOSE LANDING GE4R 
MAIN L A N D I N G  GEAR 
ENGINE SECTION 

PROPULSION 
GAS GENEMTORS 
1qA.TER INJECTION SYS . 
FUEL SYSTEM 
CONTROLS 
LIFT FAN/& L/C F U S ( - Z )  
LIFT FAN LOUVERS 
~rmlcnursrs FANS 
L/C PAN DEFLECTORS 
FAN GIUXBOXES 
T R A N S M I S S I O N  - DUCTS & VALVES 

GEARBOX & S H A F T  
START 

FLIGHT CONTROLS 
INSTRUMENTS 
HYDRAULICS 
ELECTRICAL 
ELECTRONICS 
ARMAMENT 
FURNISHINGS 
A1 R CONDITIONING 
ANTI-ICE 
AUXILIARY GEAR 

WEIGHT EMP'JT 18736 

CREW 
TRAPPED FUEL 
OIL 
Oz & MISC. 

OPERATING WEIGHT FNE'TY 

PAYLOAD 
FUEL 

PATCIS-OFF GROSS WEIGHT 
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FIGUIIE: 4-44 
BALANCE AND - I N E R T I A  DATA 

- 
b1260-RTA-1 b1260-It'l'A-2 
0"1'rto~il,) {Mcchanicnl) 

STOriW - Ib 
Ix -  lug - ft2) 
~y - (slug - f e z )  
Iz - (s lug - 4) 
F,S, 
W,L, 

Structure 

OlJE 4- Payload - lb 
I X  - ( s lug  - ft2) 
Iy p '  (slug - f t 2 )  
IZ - ( s lug  - f t 2 )  
Y.S. 
W. L. 

- - - - - - - 

FIGURE 4-45 
RTA SUMMARY WEIGHT DATA 

M260-RTA-f. 
(Turbo t i p )  

21951 
14500 
50900 
62000 
254.0 

2.0 

Propuls ion 8886 9602 

22760 
17250  
53000 
63000 
256.5 

-3 .0  

Subsys tems 2467 2537 

Weight Emp ty 18736 19289 

O.N.E.  19 45 1 20260 

system, while the Model 260-RTA-2 (mechanical) incorporates t h e  T-39 aft fuse- 

l a g e  wi th  a modif ied Sabreliner empennage and a mechanically in terconnected 

propulsion sys tern. 

T h e  components both aircraft  have i n  common are the  modified Sabre l ine r  

wing, A-6 c o c k ~ i t  (including canopy and windshie ld) ,  and A-4 landing gear.  

N e w ,  a l l  metal  s t r u c t u r e  i s  required t o  i n t e g r a t e  the propulsion s y s t e m  and 

the above mentioned components into t h e  proposed conf i$urat ions .  

Propuls ion weights are based on vendor data with  General Elec t r fc  pra- 

viding t u r b o t i p  system informarlon, and AllFson/Hamilton Standard providing 

the mechanical system da ta .  



4 . 4  DATA BASE SUMMARY 

F i g u r e  4-46 sllows t h e  v a r i o u s  d a t a  elements used as a basis f o r  analysis  

and budgetary  cost  e s t i m a t e s  of the  s e l e c t e d  program and a i r c r a f t  approaches.  

The major airlrcllnc components requLred Tor rnch  a i r c r a f t  and their r e q u i r e d  

modiEications/intcgrntlons are d i scussed  i n  S e c t i o n  4 . 1  f o r  the  t u r b o t i p  RTA, 

and i n  S e c t i o n  4 .2  f o r  t h e  mechanical RTA, Aerodynamic, p r o p u l s i c : ~ ,  c o n t r o l  

c h a r a c t e r i s t i c s ,  and weight  a r e  summarized i n  Sec t ions  2 ,  3 ,  4 ,  and i f o r  t h e  

RTA v e h i c l e s .  The technical development progzam, i n c l u d i n g  bo th  grr und and 

f l i g h t  test programs, i s  summarized i n  Volume III. Systems r e q u i r i n g  develop- 

ment a r e  i d e n t i f i e d  t o g e t h e r  wi th  t e s t  o b j e c t i v e s ,  i n s t r u m e n t a t i o n ,  and f a c i l i -  

ties r e q u i r e d .  A mi2estone schedule  shows t h e  i n t e g r a t i o n  of  development tests 

f o r  systems and a i r r r a f t  and dock d a t e s  of  major c o n t r a c t o r  and government 

Eurnished items. 

4.4.1 MAJOR EQUIPMENT LIST  - The major  government f u r n i s h e d  a i r f r a m e  com- 

ponents ,  t o o l i n g ,  and test equipment a r e  shown i n  F i g u r e  4-47, and rhe  major  

subsystem components are shown I n  F i g u r c  4-48. I tems are i d e n t i f i e d  as GFE 

and CFE, and a r e  common f o r  both a i r p l a n e  c o a f i g u r a t i o n s  excep t  where no ted .  

4.4.2 GROUND SITPORT EQUIPMENT - It i s  assumed o n - s i t e  GSE at c o n t r a c t o r  o r  

government test 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  s u p p o r t  needs  of t h e  

technology a i r c r a f t .  Th i s  i nc ludes  suppor t  for t h e  v a r i o u s  subsystems such  

a s  h y d r a u l i c s ,  e l e c t r i c a l ,  f u e l ,  l and ing  gear and b r a k e s ,  and C N I .  

S p e c i a l  suppor t  equipment, such as r e q u i r e d  f o r  t h e  Automatic F l i g h t  

Cont ro l  S e t ,  w i l l  be f u r n i s h e d  by t h e  c o n t r a c t o r .  C e r t a i n  government f u r n i s h e d  

s p e c i a l  GSE w i l l  be  r e q u i r e d  for t h e  p r o p u l s i o n  sys t em components, i n c l u d i n g  

checkout and handl ing  equipment.. The latter i n c l u d e s  s l i n g s  and t r a n s p o r t  

a d a p t e r s  for t h e  gas g e n e r a t o r s  and fans. A p r e f l i g h t  conso le  f o r  t h e  i n s t r u -  

menta t ion  d a t a  system will. a l s o  be r e q u i r e d  a s  GFE. 
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FIGURE 4-46 
DATA BASE-TECHNOLOGY AIRCRAFT PROGRAM 
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FIGURE 4-47 
MAJOR GFE AIRFRAME COMPONENTS, TOOLING, 

AND TEST EQUIPMENT 

I T-39 Center ?us elage I 1 I 
T-39 Wing Structural Assembly 

Master T o o l i ~ g  a t  T-39 Center 
Fuselage  S   lice Bulkhea-ds 

1 

1 Set 

I Pull Set of r-39 Wing Tooling I 1 s e t  1 
I I (a) F-101 A f t  i u xelage and Empennage I 1  1 
I (b) T-39 A f t  Fus l lage  and Vertical 

Tail 

I A-6 Cockpit Assembly 

I A-6 Canopy and Actuation System I I 
A-6 Oxygen System 

A-4 Landing Gear 

Eject ion Seat (Zero-Zero) 1 I 
Three Degree of Freedom Test R i g  

-. -. 

(a) Turbo t ip  Airplane Only 

(b) Mechanical Airplane Only 
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hDC A4551 
VOLUME I 

FIGUItL 4-88 
MAJOR SUBSYSTEM EQUIPMENT 

. .- -. -. - - - .  - - - 
PROPULSION SYSTEM 

(a) YJ97-100 Gas Generator 

(a) LF4.59 Lift Fan 

(a) Air Turbine Starter 

(a) L/C Vectoring Nozzle and Louvers 

(a) Nose Fan Vectoring N n x z l e  and Louvers 

(a) Interconnect Ducts, Bellows 

(a) Gas Generator Isolation Valves 

(a) System Isolation Valves 

(a) Fan Isolation Valve 

(a) FPaC Modulation Valves 

(a) Diverter Valve 

(a) ~ift/cruise Pan Gearbox 

(b) PD370-274 LiEt/~ruise Fan Assembly 
(includes engine, fan, gearbox, 
and clutch) 

(b) XT701 Turboshaf t Engine 

(b) Lift Fan 

(b) Combiner Gearbox 

(b) Eif t Fan Clutch 

(b)  Interconnecting Drive Shaft 

(b) Drive Shaft Support Bearings 

FUEL SYSTEM 

Boost Pump ' 

Gaging System (includes probes) 

Miscellaneous Shutoff and Vent Vslves, 
Regulators 

Fuel Tanks (Fuselage) 
--.--. ---- 

(a) Turbotip Airplane Only 

(b) Mechanical Airplane Only 

per h/C - - . -. -. . - 

1 Set: 

1 

I 

1 

1 

1 Set 

1 Set 

2 

1 

1. Set 

1 Set 
---- 
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(a) Turbo t ip  i i r p l a n e  Only 
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FLIGI.IT CONTROLS 

i Automatic F l i g h t  Con t ro l  Se t  
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Sf gnal Conversion Meclliinisms 

I P i l o t  Cockpit Controls  
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FIGURE 4-48 (CONTINUED) 
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FIGURE 4-48 (CONTINUED) 

. . - - - - , . - . - - - - . - -- . . 
MAJOR SUBSYSTEM/EQUIPMENT 

- --- ---.-. 
i 

per A/C 
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ENVIRONMENTAL CONTROL SYSTEM -.-- - . 

E l e c t r i c  Driven Fan (Cockpit and 

i 
Equipment Cool ing)  I 

I (b) Air/Oil Heat Exchanger {Combiner 
1 Gearbox) 

1 (b) Electric Driven Cooling Fan (Combiner 
1 
I Gearbox) 

I Miscellaneous Valves and Ducts 

f 
AVIONICS 

Communication, Radio Nav and 
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UHF AM Transceiver 
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IFF Transponder 
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Radar Al t imeter  

A i r  Data System 

A i r  Data Computer 

P l t o t  Static Probe 

Alpha/~eta Sensors 

Total Temp Sensor 

Low Velocity A/S System 
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Attitude Director 

1 

1 Set 

1 
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MUC A4551  
VOLUMC I 

FIGURE 4-48 (CONTINUED) 
MAJOR SUBSYSTEM/ EQUI PMENT 

,. - - - - . . . . . - . . - ---- . . . . . . .. . . - - - . . - . - - - - - - - - 

GFE 

AVXONTCS (Continued) 

Displays (continued) 
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5. AIRCRAFT CONTROL 

A i r c r a f t  c o n t r o l  of t h e  Research Tccl~nology A i r c r a f ~  (RTA) and t he  

s p c ~ l l l c  conLrol Lcrlinlrl~trfi i1t-c. dr?scr lbcd 111 this n c c t F n n .  'I'lic contrr~l capo- 

b i l i t i e s  have been deLcrmincd and are comparcd to  the rnlnlrnum rccomrnendcd 

c o n t r o l  performance by t h c  NASA s tudy g u i d c l l n e s .  

5 .1  & C CUNTROL CONCEPTS 

C o n t r o l  of the  KTA a i r c r a f t  throughout  t h e  aerodynamic and powered l i f t  

F l i g h t  envelope is  provided  by conven t iona l  aerodynamic c o n t r o l  s u r f a c e s  i n  

combinat ion  wi th  a t h r e e  f a n l t h r o e  eng ine  p r o p u l s i o n  sys t em,  C o n t r o l  i n  t h e  

powered lift p o r t i o n  of t h e  f l i g h t  envelope  i s  provided  by an  a i r s p e e d  

dependent: blend of t h e  aerodynamic c o n t r o l  s u r f a c e s  w i t h  vec to red  t l ~ r u s t  of 

two l i f t / c r u i s e  f ans  and a forward f u s e l a g e  mounted l i f t  f a n ,  During t r a n a i -  

t i o n  from hover t o  conven t iona l  aerodynamic f l i g h t ,  the powered l i f t  c o n t r o l s  

a r e  phased o u t  as t h e  e f f e c t i v e n e s s  of  t h e  aerodynarnid s u r f a c e s  i n c r e a s e s  w i t h  

a i r s p e e d .  Af t e r  conve r s ion  t o  conven t iona l  aerodynamic f l i g h t ,  t h e  l i f t  f a n  

is s h u t  down and the  powered l i f t  c o n t r o l s  a r e  d i s a b l e d ,  Gencra l  d e s c r i p ~ i o n s  

of t h e  aerodynamic c o n t r o l s  and the  powered l i f t  c o n t r o l s  are g iven  below. 

5.1.1 AERODYNAMIC CONTROLS - S t a b i l a t o r ,  a i l e r o n ,  and rudde r  c o n t r o l  s u r f a c e s  

p r o v i d e  a i r c r a f t  p i t c h ,  r o l l ,  and yaw c o n t r o l  w i t h i n  t h e  conven t iona l  aerody- 

namic f l i g h t  envelope,  and a i r s p e e d  dependent  p a r t t a l  c o n t r o l  w i t h i n  t h e  powered 

L i f t  f l i g h t  envelope.  A l l  c o n t r o l  s u r f a c e s  are d r i v e n  by i r r e v e r s i b l e ,  hydrau- 

l i c a l l y  powered a c t u a t o r s  which a r e  o p e r a t i o n a l  throughout  t h e  e n t i r e  composite  

f l i g h t  envelope.  n r  u s  t is  genera ted  i n  conven t iona l  aerodynamic f l i g h t  by t h e  

two lif t l c r u i s e  fans powered by two gas  g e n e r a t o r s .  

5 .1 .2  POITIIRED LIFT CONTROLS - Although a i r c r a f t  c o n t r o l  i n  p o r t i o n s  of t h e  

powered l i f t  f l i g h t  enve lope  i s  provided i n  part by t h e  aerodynamic c o n t r o l  

s u r f a c e s ,  t h e  powered l i f t  c o n t r o l s  as d i s c u s s e d  h e r e  r e f e r  t o  t h e  means by 

which t h e  t h r u s t  of t h e  two l i f t / c r u i s e  f a n s  and t h e  forward f u s e l a g e  mounted 

lift fan i s  modulated and v e c t o r e d  f o r  STOE 2nd VTOL o p e r a t i o n .  

Powered lift a i r c r a f t  c o n t r o l  f o r  VTOL o p e r a t i o n  i s  provided  by v e r t i c a l l y  

v e c t o r e d  l i f t / c r u i s e  f a n  t h r u s t  and l i f t  fan t h r u s t .  Attitude c o n t r o l  i s  

accomplished by modulat ing and/or  v e c t o r i n g  t h e  t h r u s t  of t h e  t h r e e  f a n s  s o - a s  

t o  produce  t h e  r e q u i r e d  r o l l ,  p i t c h ,  and yaw c o n t r o l  moments. Height  c o n t r o l  

i n  VTOL o p e r a t i o n  i s  f r inc t iona l ly  i d e n t i c a l  t o  t o t a l  l i f t  c o n t r o l  and i s  

accomplished by modula t ion  of gas g e n e r a t o r  power. 
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Thrus t  modulation i s  u t i l i z e d  t o  produce r o l l  and p i t c h  at  Litude c o n t r o l  

marncnts and is accomplisl~cd by c o n t r o l l i n g  the transfer LIT energy I~cLwccn the 

th ree  f a n s .  A r o l l  c a n t r o l  moment i s  produced by inc reas ing  the t h r u s t  of one 

l i f t / c r u i s o  f a n  and dec reas ing  the o ther  whi le  maintaining constant  lift fan 

t h r u s t .  A nose up p i t c h  c o n t r o l  moment: i s  sirnulnrly produced by i n c r e a s i n g  

the  l i f t  fan t h r u s t  whi le  decreas ing t h e  t h r u s t  of each l i f t l c r u i s e  f a n ,  A 

nose down p i t c h  concrol  moment IS produced by  r evers ing  the  sense of t h e  t h r u s t  

modulation a t  each fan.  Constant  t o t a l  l i f t :  is maintained by coordinat ing the  

t h r u s t  modulation of the  t h r e e  fans  s o  ns t o  produce no change i n  composite 

v e r t i c a l  t h r u s t ,  

Yaw c o n t r o l  i s  produced by d i f f e r e n t i a l  l a t e r a l  vec to r ing  of tho l i f t  f an  

t h r u s t  and l i f t / c r u i s e  f a n  t h r u s t ,  Def lec t ing  the  l i f t  fan t h r u s t  t o  t h e  r i g h t  

o r  l e f t  while simultaneously d e f l e c t i n g  the  t h r u s t  of both l i f t / c r u i s e  fans i n  

the  o p p o s i t e  d i r e c t i o n  r e s p e c t i v e l y  produces a l e f t  o r  r i g h t  yaw c o n t r o l  moment, 

Because the e f f e c t i v e  t h r u s  t d e f l e c t i o n  angle:, r equ i red  t o  produce necessary  

yaw c o n t r o l  c a p a b i l i t y  a r e  smal l ,  t he  coupled e f f e c t  on t o t a l  l i f t  i s  n e g l i g i b l e ,  

Thrust def l e c t l o n  i s  produced by l i f t  f a n  yaw vecrozlng louvers  and l i f t / c r u i s e  

fan yaw c o n t r o l  vanes. 

Thrus t  vector ing Louvers underneath t h e  l i f t  f an  and vec to r ing  nozz les  on 

the l i f t  c r u i s e  fans  p rov ide  t h r u s t  vecLor c o n t r o l  i n  t r a n s i t i o n .  The l i f t  fan  

and l i f t l c r u i s e  f an  t h r u s t  v e c t o r s  are sclleduled t o  mainta in  zero p i t c h i n g  

moment due t o  d i r e c t  t h r u s t  fo rces .  The c u r r e n t  des ign vec to r  r a t e  i s  50 degrees 

per second. The higher  vec to r ing  r a t e  is ,  of course ,  d e s i r a b l e  t o  enhance the  

research c a p a b i l i t i e s  of t h e  RTA. 

5.1.3 CONTROL REQUIREHENTS - The c o n t r o l  des ign requirements were e s t a b l i s h e d  

t o  i n s u r e  good maneuvering c a p a b i l i t y  and,  a l s o ,  t o  provide  s u f f i c i e n t  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  d i s tu rbance  and c ross -  ' 
coupling e f f e c t s .  The primary c o n t r o l  d e s i g n  g u i d e l i n e s  f o r  maneuver c o n t r o l  

a re  summarized i n  Figure  5-1. Design c o n t r o l  power is i n t e r r e l a t e d  w i t h  

a i r c r a f t  s t a b i l i t y  requirements  i n  t h a t  the  c h a r a c t e r i s t i c s  of the  s t a b i l i t y  

augmentation system a f f e c t  t h e  i n s t a l l e d  c o n t r o l  power requirements.  The 

inheren t  aerodynamic s t a b i l i t y  of a  V/STOL a i r c r a f t  dec reases  wi th  reduc t ion  

of a i r s p e e d  u n t i l  a t  a  p o i n t  approaching hover t h e  a i r c r a f t  becomes uns tab le .  

The 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 the  a i r c r a f t  were evaluated and found 

t o  possess  low frequency di'.rergent o s i c l l a t o r y  p i t c h  and r o l l  modes as shown 

i n  F igure  5-2. To ach ieve  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  
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FIGURE 5-2 
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and rate feedback loope arc  provided by a stabilily and c o n t r o l  augmcnht ion 

8ystem wl~ lch  b r i n g s  thc a i r c r a f t  p i t c h  and roll n a t u r a l  frcqucncy and damping 

response c11nrncttllrist;lcs l n t o  coinpliance wit11 tlic 1,cvc.l I g u i d e l i n e  s t a b i l i t y  

c r i t e r i a  as ind ica ted  by ~11c des lgn  point: shown i n  Figure 5-2. 

Tllc con~posi t ~ l  VTOL c o n t r o l  power dosj  gn  !;uidclincs arc lndicaLcd i n  

Pi.gurr! 5- 3 ,  Tlic c losed I.ool1 a t t i t u d e  cnntrol  lmwcrs arc d i c ~ n t e d  by rcquirr- 

incnte f o r  hover dy~~nln ic  s r n h i l i t y  and iILtLtude change i n  one sccond per i nch  

of c o n t r o l  s t ick  displacement, Thcsc rcquirernents my bc t r a n s l a t e d  i n t o  

specified momcnt/incrtia (bl/I) r a t i o s  as ind ica ted  i n  Figure 5-3, 

5 .2  TURBOTIP RTA CONTROL 

The s p e c i f i c  methods employed by the Turbot ip  ETA t o  implement t r a n s f e r  

of energy between Eans Sor t h r u s t  modulation a re  discussed i n  t h i s  s e c t i o n ,  

T h i s  i s  followed by a comparison of the  Turbot ip  RTA c o n t r o l  c a p a b i l i t i e s  w i t h  

t h e  NASA study g u i d e l i n e s .  

5 . 2 . 1  THRUST EIODULATION - Transfer  of energy between the  three fans  and 

coord ina t ion  of thrust modulation s o  a s  t o  mainta in  cons tan t  t o t a l  l i f t  i s  

provided by the combined a c t i o n  of t h e  Energy Trans fe r  and Control  (ETaC) 

system and the f a n  Thrust  Reduction hiodulation (TRM) system, ETaC va lves  a re  

l o c a t e d  i n  tlie in te rconnec t ing  d u c t s  between fans a t  t11c i n l e t s  t o  the  t i p  

t u r b i n e s .  P a r t l a l  c l o s u r e  of the  ETaC valve  a t  one fan produces an inc reahc  i n  

t h r u s t  a t  a l l  ocher  Eans without changing t h e  t h r u s t  of i t s  assoc ia ted  fan 

s u b s t a n t i a l l y .  The TI@[ sys tam provides  complimentary c o n t r o l  of the t h r u s t  

of each i n d i v i d u a l  fan and Ls coordinated wi th  t h e  ETaC system t o  negate  t h e  

i n c r e a s e  i n  t o t a l  l i f t  proCuced by this e f f e c t ,  as w e l l  as t o  provide g r e a t e r  

c o n t r o l  moment t h r u s t  d i f f e r e n t i a l s  and b e t t e r  c o n t r o l  response  c h a r a c t e r i s t i c s  

than are obta inable  by the KTaC system opera t ing  a lone.  

ETaC and TRbI provide  two p a t h s  f o r  c o n t r o l  f o r c e  and moment s i g n a l s  as  

dep ic ted  In Figure  5 - 6 ,  r e s u l t i n g  i n  increased f l i g h t  s a f e t y  and s u r v i v a b i l i t y  

i n  t h e  event of a major f a i l u r e  during VTOL. Loss of an ETaC o r  TRM f u n c t i o n  

a t  a fan a f f e c t s  only  a p o r t i o n  of t h e  c o n t r o l  c a p a b i l i t y ,  usua l ly  l e s s  than 

50%, which r e s u l t s  i n  only a minor degradat ion of handl ing q u a l i t i e s .  

5.2.2 CONTROL DURING NORMAL OPERATION - The Turbotip RTA was analyzed t o  

determine the  t h r u s t  modulation requirements.  A t t i t u d e  c o n t r a 1  i n  hover was 

determined t o  be more demanding of r 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. T ~ E  t h r u s t  modulation l e v e l s  r equ i red  t o  satisfy t h e  VTOL des ign  

c o n t r o l  power requirements were determined and are shown i n  F i g u r e  5 - 5 .  The 

MCDONNELL AIRCRAFT COMPANY 

126 



t 

ATTITUDE 
A N G L E  

I N  i StPC. 
A f TER 

A STEP rwwr 

Rat L . . . 2 15 DEG 

P / 7 * C N . . .  2 8 DE4 

YAW ... f ~ D E G  

FIGURE 5-3 
VTOL DESIGN CONTROL POWER 

PI LOT $- I 
FIGURE 5-4 

DUAL PATH 
CONTROL - VTOL 

MCDONNELL AIRCRAFT COMPANY 



FIGURE 5-5 
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ind ica ted  t h r u s t  increments (dccremcncs) f o r  p i t c l ~ ,  roll and yaw c o n t r o l  

corresponds t o  the v e r t i c a l  tnlceolf gross  wci ~ h t .  

Avai lable  t h r u s t  m o d ~ l a t i c ~ n  l e v e l s  a r e  defined by n temperature l i m i t  

and o t h e r  p r a c t i c n l  cons ide ra t i ans  . The VTOL c o n t r b l  requirements are shown 

supcri~nposcd a n  a graph of availnblc cont ro l  power I n  Figure  5-6, Tlw 3 second 

lGOOel' EGT rating shown I n  the f i g u r e  is  ;in upper bound on a v a i l a b l e  modulation 

c a p a b i l i t y  and i s  $,ell i n  excess of the  des ign g u i d e l i n e  requirements f o r  

comblned a t t i t u d e  c o n t r o l  and he igh t  c o n t r o l  with 50% attLcude c o n t r o l ,  Thrust  

requirements i n  both cases ,  as we l l  a s  the  T/W = 1 , 0 5  sus ta ined  thrust capa- 

b i l i t y ,  a r e  a l l  we l l  below t h e  in te rmedia te  power r a t i n g ,  

The 25% t h r u s t  modulation curve shown i n  Figure  5-6 r e p r e s e n t s  n p r a c t i c a l  

des ign g o a l  which insures 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  with r e s p e c t  t o  cross-  

coupling effects and c o n t r o l  response + Combined a t t i t u d e  and he igh t  with  50% 

a t t i t u d e  c o n t r o l  requirements a r e  shown i n  Figure  5-6 Lo be w e l l  w i t h i n  t h i s  

design goa l .  The  r e l a t i o n s h i p  of the 25% thrrrst  modulation r o l l  and p i t c h  

a t  t i t u d e  contra  1 c a p a b i l i t y  t o  Level 1 g u i d e l i n e  c o n t r o l  c r i t e r i a  of FLgure .5-1 

is shown i n  Figure 5-7. Also, the yaw a t t i t u d e  c o n t r o l  c a p a b i l i t y  based upon 

inaxi~nlwn e f f e c t i v e  t h r u s t  d e f l e c t i o n  ang les  of 4" and 8' at: t i l e  lift f a n  and 

the l i f t j ' c r u i s e  f a n s ,  r e s p e c t i v e l y ,  is shown i n  Figure 5-7. The yaw a t t i t u d e  

conCrol c a p a b i l i t y  des ign po in t  a t  the  OWE f Payload weight i s  a l s o  i n d i c a t e d .  

Yaw a t t i t u d e  c o n t r o l  c a p a b i l i t y  is  usua l ly  most c r i t i c a l  a t  the landing g r o s s  

weight as the r a t i o  of thrusb t o  be d e f l e c t e d  t o  a i r c r a f t  yaw I n e r t i a  i s  

genera l ly  smal les t  a t  t h i s  gross  weight. In al.1 t h r e e  cases ,  tlze a t t i t u d e  

c o n t r o l  c a p a b i l i t y  is  shown i n  Figure  5-7 t o  be excess of the d u a l  Level 1 

guide l ines  of r equ i red  a t t i t u d e  angle change i n  one second and W / I  r a t i o .  

5 . 2 . 3  CONTROL POWER CAPABILITY FOR RESEARCH - The Turbotip RTA a i r c r a f t  has 

excess c o n t r o l  margins f o r  f u t u r e  resea rch  programs i n  t h e  area of c o n t r o l  

power requirements.  The margins based upon a 25% t h r u s t  modulation and on t h e  

1600°F EGT temperature l i m i t  f o r  p i t c h  and r o l l ,  and 4" and 8' of t h r u s t  

d e f l e c t i o n  f o r  yaw a r e  shown i n  Figure  5 - 8 .  The 4" and 8" yaw t h r u s t  d e f l e c t i o n  

l i m i t s  a re  somewhat a r b i t r a r y  and may be r a i s e d  t o  provide  a d d i t i o n a l  c o n t r o l  

c a p a b i l i t y .  

5 . 2 . 4  CONTROL WITH ONE ENGINE INOPERATIVE - t z v e l  2 g u i d e l i n e  c o n t r o l  power 

requirements L;z opera t ion  i n  the one engine ou t  emergency f l i g h t  cond i t ion  are 

subs t a n t i a l l y  reduced. The r e l a t i o n s h i p  of Level 2 ernerg.?n.cy c o n t r o l  r equ i re -  

ments t o  the  one gas genera tor  out  p ropu l s ion  system c a p a b i l i t i e s  i s  shown i n  
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F i g u r e  5-9. It i s  e v i d e n t  irom t h e  l i g u r c  t h a t  c o n t r o l  c a p a b i l i t y  a s  determined 

by the 3 sec. 1600°F ECT tc~mpernturc liil t l l  is we1 I in excess of tllc c o n t r o l  

modulnt ian  rcquircrncntrs wliicl~ are  a11 below t l ~ c  in tc rmecl la te  power r a t i n g .  

5.2.5 GYROSCOPIC CQUP1,TNG - Gyroscopic coup l ing  is  p r e s e n t  between t h e  p i t c h ,  

r o l l  and yaw exes due t o  t h e  combined a n g u l a r  momentum of tire f a n s  and g a s  

g e n e r a t o r s .  Because of  gyroscope coup l ing ,  a c o n t r o l  i n p u t  t o  the p i t c h  a x i s  

induces  a n g u l a r  a c c e l e r a t i o n s  about  t h e  r o l l  and yaw a x e s ,  S i m i l a r l y ,  c o n t r o l  

i n p u t s  t o  t ho  r o l l  and yaw axes  each induce  angu la r  a c c e l e r a t i o n  about  the 

p i t c h  axis. The p e r t i n e n t  c o n t r o l  power g u i d e l i n e  requi rements  s ta tes  tha t  a t  

l e a s t  90% of t h e  s p e c i f i e d  normal. c o n t r o l  power c a p a b i l i t y  s h a l l  remain a f t e r  

compensation f o r  g y r o s c o p i c a l l y  induced a c c e l e r a t i o n s  of  magnitude corresponding  

to  t h a t  produced by maneuvers employing g u i d e l i n e  l e v e l  c o n t r o l  power. 

The gyroscopic  coup l ing  e v a l u a t i o n s  were performed a t  a power s e t t i n g  

corrzsponding  t o  T/W = 1 . 0  a t  VTO g r o s s  weight .  The magnitudes of t h e  gyro- 

s c o p i c a l l y  induced a c c e l e r a t i o n s  were determined by employing t h e  g u i d e l i n e  

maneuver f o r  each axis  which r e q u i r e d  the  g r e a t e s t  amount of c o n t r o l  power 

modula t ion  wi th  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, For  the p i t c h  

and r o l l  a x e s ,  maneuvers cor responding  t o  ach iev ing  t h e  g u i d e l i n e  a t t i t u d e  

a n g u l a r  change i n  one  second were employed and the maximum r e s u l t a n t  angu la r  

rates were used to  compute the maximum coupled gyroscopic  a c c e l e r a t i o n s .  For  

t h e  yaw axis ,  a maneuver producing t h e  g u i d e l i n e  angu la r  a c c e l e r a t i o n  (EI/I r a t i o )  

was ernpl7yed and t h e  coupled gyroscopZc a c c e l e r a t i o n  a t  1 second was u t i l i z e d  

i n  the a n a l y s i s .  These  maneuvers and t h e  magnitudes of t h e  coupled gyroscopic  

a c c e l e r a t i o n s  a r e  shown i n  P i g u r e  5-10. Reductions i n  a v a i l a b l e  c o n t r o l  power 

based upon 252 t h r u s t  modulat ion for t h e  p i t c h  and r o l l  axes ,  and 4' and 8' 

t h r u s t  d e f l e c t i o n  l i m i t s  f o r  yaw c o n t r o l  a r e  shown i n  F i g u r e  5-11. The 

remaining c o n t r o l  power i n  each c a s e  i s  s i g n i f i c a n t l y  g r e a t e r  t han  t h e  90% 

g u i d e l i n e .  

5 . 2 . 6  CENTER OF GRAVITY TRIM - Coincident  c e n t e r  of t h r u s t  and c e n t e r  of 

g r a v i t y  (cg) a t  VTO g r o s s  weight  i s  a d e s i g n  requi rement  which is  accomplished 

by a p p r o p r 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  between t h e  1f.f t fan and t h e  two 

l i f r / c r u i s e  f a n s .  I n  a d d i t i o n ,  t h e  t u r b o t i p  a i r c r a f t  d e s i g n  i s  such  t h a t  there 

i s  no s h i f t  i n  t h e  cg l o c a t i o g  over t h e  weight  r ange  from the ST0 g r o s s  weight  

to t h e  OWE + Payload we igh t .  T h e r e f o r e ,  cg t r i m  r equ i r emen t s  were n o t  considered 

i n  de t e rmin ing  t h e  t h r u s t  modulat ion c o n t r o l  margins.  
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5 . 2 . 7  CONTROL SYSTEM IIESPONSE - Control  response  c o n s i s t s  of two components; 

(1)  Inn t h r u s t  response from a n  i n c r e a s e  of gas energy,  and (2 )  t h r u s t  

r educ t ion  modula t ion ,  The uncompensated r e sponse  c h a r a c t e r i s t i c s  of  the f i r s t  

o f  these components i s  r e l a t i v e l y  s lower  than  t h e  second.  The excess  c o n t r o l  

marg in  i n  bo th  normal and e n g i n e  o u t  o p e r a t i o n  pe rmi t s  e f f c c t i v c  use of l aad  

compensation t o  s i g n i f i c a n t l y  improve t h e  f a n  t h r u s t  i n c r e a s e  r e sponse  time, 

Lead compensation . q g n i f i e s  t h e  i n i t i a l  v a l u e  of c o n t r o l  commands which causes  

a more r a p i d  i n i t i a l  r a t e  o f  i n c r e a s e  i n  f a n  t h r u s t .  The i n i t i a l  magn i f i ca t ion  

is  washed o u t  e x p o n e n t i a l l y  w i t h  t h e  n e t  r e s u l t  be ing  a more r a p i d  r i s e  i n  fan 

t h r u s t  t o  t h e  comrnandcd level. 

Est imated  v a l u e s  of each of t h e  two r e sponse  components and t h e i r  combina- 

t i o n  based upon previous  LF460 f a n  s t u d i e s  and ETaC t e s t  r e s u l t s  arc s h o ~ m  i n  

F igu re  5-12. The response  time corresponding  t o  t h e  normal o p e r a t i o n  VTO g r o s s  

weight  i s  i n d i c a t e d  on the  L e v e l  1 graph,  t h a t  a t  t h e  onc eng ine  o u t  VL g r o s s  

weight  i s  i n d i c a t e d  on t h e  Level 2 graph ,  and t h a t  a t  t h e  OWE 4- Payload weight 

on both g raphs .  With l e a d  compensat ion,  t h e  r e sponse  e f f e c t i v e  t i m e  c o n s t a n t s  

a r e  w e l l  below the g u i d e l i n e  l i m i t e ,  The r e sponse  t i m e  i n  t h e  one engine o u t  

cond i t ion  i s  a t  a Lower power s e t t i n g  and is t h e r e f o r e  only s l i g h t l y  g r e a t e r  

t han  t h a t  f o r  normal o p e r z t i o n  i n d i c a t i n g  an i n s i g n i f i c a n t  deg rada t ion  i n  t h e  

c o n t r o l  r e sponse  time. 

5.3 MECHANICAL RTA CONTROL 

The c o n t r o l  concept i f  the s h a f t  coupled s y s t m  is  based  on f a n  b l a d e  

p i t c h  (B) changes  f o r  a i r c r a f t  p i t c h  and r o l l  c o n t r o l ,  and a combinat ion of t3, 

fan rpm, and eng ine  power f o r  h e i g h t  c o n t r o l .  

5 . 3 . 1  ATTITUDE CONTROL - C o n t r o l  s i g n a l s  cause  a d i f f e r e n t i a l  0 change between 

t h e  l i f t  c r u i s e  f a n s  f o r  r o l l  c o n t r o l ,  and between l i f t  c r u i s e  f a n s  and t h e  

l i f t  f a n  fox p i t c h  c o n t r o l .  Power t r a n s f e r  a s s o c i a t e d  w i t h  t h e s e  d i f f e r e n t f a l  

f3 changes o c c u r s  i n h e r e n t l y  v i a  i n t e r c o n n e c t i n g  s h a f t s .  Yaw c o n t r o l  i s  provided 

by yaw vanes  located a t  t h e  f a n  f low e x i t s .  The yaw sys tem and t h e  t r a n s i t i o n  

t h r u s t  vectoring system are common t o  b o t h ,  mechanica l  and t u r b o t i p  P.TA. The 

a t t i t u d e  c o n t r o l  concept i s  i l l u s t r a t e d  i n  F i g u r e  5-13. 

5.3.2 THRUST MANAGEMENT CONTROL - The t h r u s t  management c o n t r o l  concept  , 
providing the h e i g h t  and t o t a l  power c o n t r o l  f u n c t i o n s ,  i s  i l l u s t r a t e d  i n  

F igure  5 - i 4 .  T h i s  concept  is based on d i r e c t  command of eng ine  power v i a  f u e l  

c o n t r o l s  and a n  automat ic  compensation sys tem o p e r a t i n g  through $ c o n t r o l .  

Because f a n  t h r u s t  r e sponse  t o  B c o n t r o l  i n  t h e  compensation scheme improves 
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FIGURE 5-74 
MECHANICAL RTA 
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cfIorLively to ta l .  tl~rusl: rcfjllonsc Tor liaifil~t c t ~ n t r o l  , 'I'lle rrutoni~t:!~ cnnip?yc;a- 

t io l l  ~ l l  SO p r ~ v . l d ~ ? f i  V L ' ~ ~ L C ~ ~ . I  T i I t l ?  damping t r )  improve  ticigilt cantrc l l .  p r a c i s l o n  

und rr!rlucc ~ x t c r n a l  d i s t u r b ; ~ n c o s  e f t c u t s  lrn alrcrait:  con t ro l  t l~rough a ].ow 

a u ~ h a r l  ty closed loo!, c o n t r o l  of total.  Lllrus t , The automa t i c  c o n t r o l  L'ur tlier 

compcnsatcs f o r  any lift: c11;lnge~ r e s u l t i n g  froin power t r a n s f e r  d u r i n g  p i t c h  and 

r o l l  c o n t r o l  i n p u t s ,  Thus the  automatic compensation system provides  important  

i n t e r f a c e  between p i t c h / r o l l  and t h r u s t  management c o n t r o l  systems and s e r v e s  

t o  docouple t h e i r  respective c o n t r o l  axes. IL a l s o  provides ,  i n  conj  unccion 

with t h e  a i r c r a f t ' s  s t a b i l i t y  augmenti~tion system, c o n t r o l  p r i o r i t y  mmagement 

to  i n s u r e  t h a t  the more c r i t i c a l  p i t c h  and roll c o n t r o l  func t ions  a r e  c a t i s f i e d  

before  the he igh t  ( t o t a l  t h r u s t )  c o n t r o l  rlelnands , 
The b a s i c  p r i n c i p l e  of opera t ion  uE t h i s  t h r u s t  management c o n t r o l  concept 

i s  b r i e f l y  described as fo l lows .  

A c o n t r o l  s i g n a l  from the power Lever c a l l i n g  f o r  t o t a l  power i n c r e a s e  i s  

t r ansmi t t ed  t o  the engine f u e l  c o n t r o l s .  A s i g n a l  difference i s  c r e a t e d  i m m e -  

d i a t e l y  between the command s i g n a l  and t h e  fan rpm feedback s i g n a l ,  This 

d i f f e r e n c e  is  appl ied  t o  t h e  f a n  B c o n t r o l s  causing an i n c r e a s e  i n  b lade  ang le  

of a t t a c k  a t  a l l  f ans ,  i n c r e a s i n g  t o r e l  t h r u s t .  However, because t h e  b lade  

angle change cu t s  i n t o  t h e  B margin rese rved  f o r  a i r c r a f t  a t t i t u d e  c o n t r o l ,  a 

s teady s t a t e  change i n  (3 is not  permlttted, Therefore ,  f a n  .rp!n is  allowed t o  

i n c r e a s e  which reduces t h e  d i f f e r e n c e  between tl-le rpm f e e d b m k  and the command 

s i g n a l s .  S ince  f3 change is  p ropor t iona l  t o  the  s i g n a l  d i i f e r r n c e ,  B i s  reduced 

and s e t t l e s  ou t  a t  i t s  o r i g i n a l  steady s t a r e  l e v e l  as rhe rpm feedback s i g n a l  

approaches the  command s i g n a l .  Thus, a t t i t u d e  conLrol marg f r~  i s  p r e ~ e r v e d ,  

The p r i n c i p l e  of opera t ion  of t h i s  system i s  illusera:ed i n  Figure  5-15. 

The above descr ibed c o n t r o l  laws a r e  a l t e r e d ,  howcvzr, a t  the  l i m i t  f a n  

rprn ( f r e e  t u r b i n e  s p e e d ) .  A t  t h i s  time a s teady s t a t e  change i s  pe rmi t t ed  

wi th  a  correspondingly reduced a t t i t u d e  c o n t r o l  margin. A f u l l  a t t i t u d e  

c a n t r o l  inpu t  a t  t h i s  t ime commands at l e a s t  one f a n  above i t s  maximum B 

c a p a b i l i t y ,  whi le  no r e s t r i c t i o n s  a r e  encountered on t h e  f a n s  c.onmanded t o  

lower 8 .  This combination of d i f f e r e n t i a l  B s e t t i n g s  r e q u i r e s  1-ower t o t a l  

horsepower a t  t h e  fans  than  the engines are d e l i v e r i n g ,  with a  resultant 

tendency t o  overspeed t h e  fnas ( f r e e  tu rb ine ) .  The overspeed c o n t r o l  a t  t h e  

engines automat ica l ly  reduces  f u e l  f low which reduces engine power, thereby 

causing a reduc t ion  of  t o t a l  t h r u s t  ou tpu t .  Thus, a  simultaneous command of 

full aircraft a t e i  tude c o n t r o l  and t h r u s t  t o  weight (T/w) c a p a b i l i t y  a t  maximum 
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FIGURE 5-15 
MECHANICAL RTA 

CONTROL SYSTEM CONCEPT 
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THRUST - -  
LEVEL 2 
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I 
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t 1. I 
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NEW 
OPERArlNG oPE44r'HG 

RPM 
PO/N T FU/# T 
R P M  RPM 

VTO g r o s s  weighl: I s  r e so lved  by g iving p r i o r i t y  t o  t h e  a t t i t u d e  c o n t r o l  moment 

over t h e  T/W conunand. The minimum design T/W dur ing f u l l  c o n t r o l  a p p l i c a t i o n  

i s  1,o. 

In t h e  event of l o s s  of automatic compensa.tion, t h i s  t h r u s t  management 

concept r e v e r t s  t o  an open loop engine power c o n t r o l  system. Without the 

b e n d  i t  of  improved t h r u s t  response for he igh t  c o n t r o l ,  v e r t j  c a l  r a t e  damping, 

c o n t r o l  i n t e r f a c e ,  and p r i o r i t y  management func t ions ,  a i r c r a f t  c o n t r o l  i s  

degraded b u t  s t i l l  adequate  t o  s a t i s f y  emergency l e v e l  requirements.  This 

design approach i s  c o n s i s t e n t  wi th  t h e  RTA philosophy of des ign cons ide r ing  

the  RTA1s c u r r e n t  state-of-the-art :  c a p a b i l i t i e s .  This  system was also modeled 

for the September 1 9 7 6  FSAA f l i g h t  s imula t ion  of the  RTA. The r e s u l t s  show 

t h a t  i t  provided s a t i s f a c t o r y  c o n t r o l  c h a r a c t e r i s t i c s .  It i s  important  to 

p o i n t  o u t ,  however, t h a t  this c o n t r o l  concept was developed based on a set of 

t y p i c a l  propuls ion c h a r a c t e r i s t i c s  provided by t h e  engine manufacturer s o l e l y  

f o r  use i n  the f l i g h t  s imula t ion  program. Propuls ion performance d a t a  pro- 

vided s p e c i f i c a l l y  f o r  Lhis RTA d e f i n i t i o n  s tudy was insufficient t o  either 

confirm o r  r e v i s e  t h i s  c o n t r o l  system design.  

5.3.3 CONTROL THRUST REQUIREMENTS - To achieve compliance wi th  t h e  c o n t r o l  

des ign g u i d e l i n e s ,  t h e  requ i red  mechanical RTA t h r u s t  modulation l e v e l s  a r e  a s  
MCIIONNELL 4YRCRCIFT COMPANY 



shown i n  F igu rc  5-16, 'I't~c ~ n , i g t ~ i ~ u d c  ol Lirrual cliangc netldcd f o r  p i t c h  i s  

;ipproxlma t e l y  t . 1 1 ~  :.;itnr .IS I ur t t ~ u  turi)~~!.  11) RTA. It03 1 Ll~rust :  ~ n r ~ d u l n t  i n n ,  

Ilowevcr, it; ~ o ~ ~ ~ l r l ~ r i i h l y  h i g h e r  i n  t h i s  c o n f i g u r a t i o n  than i n  the Trlrhclt ip RTA 

b ~ r n u s c  gas g e n e r a t o r s  are l ~ c a t e d  cuaxially w i t 1 1  the l i l t  c r u i ~ c  r e s u l t i n g  

Ln h i g h e r  r o l l  i n e r t i a  of  tile n i z c r a i t  and n s h o r t e r  d i s tance  butwccn tile L i f t /  

c r u i s e  n o z z l e s ,  T h r u s t  d e f l e c t i on  f o r  yaw control compares v e r y  c l o s e l y  with 

t h e  Turbo t i p  RTA yaw requirenhents  , 

5 , 3 , 4  CONTIIOL THRUST CAPAUILITY - The engine company dnta provided f o r  c h i s  

s t u d y  was p l o t t e d  i n  terms of  fan thrust versus f a n  s p e e d  f o r  t h r e e  f a n  b lade 

piLch angles  as shown i t 1  F i g u r e  5-17, IJIlile the  amount of  dnta i s  not adequa t e  

t o  def ine  the  s i m u l a t e d  c o n t r o l  sy s t em as d i s c u s s e d  e a r l i e r  I n  t h i s  s e c t i o n ,  it 

was s u f f i c i e n t  t o  d e t e r m i n e  t h e  available control margins with respect to  t h e  

RTA's o p e r a t i o n a l  g r o s s  we igh t s  a t  t h e  constant  maximum p e r m i s s i b l e  f a n  W M ,  

As shown i n  F igu re  5-17, the a v a i l a b l e  Lan t h r u s t  margin f o r  a t t i t u d e  control 

a t  VTOGW T/W = 1 i s  near ly  twice t h e  g u i d e l i n e  r equ i r emen t  if a r e d u c t i o n  of 

stall margin is permitted as d i s c u s s e d  i n  Section 3 . 2 .  

FIGURE 5-16 
MECHANICAL RTA 

THRUST MODULATION REQUIREMENTS 

VECTORED 
THRUST 
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5.3.5 GYROSCOPIC COUPLING - The gyroscopic coupl ing  a n a l y s i ~  performed f o r  

t h e  mechanical RTA was identical t o  t h a t  previously  descr ibed i n  Section 5.2 

for t h e  T u r b o t i p  RTA. Tho results of this ana1ys.i.s a r c  shown in F i g u r e  5-18. 

Compari~ 1 o f  t h e s e  va lues  with those  f o r  the Turbotip RTA shown i n  Figure  5-10 

i n  Sect ion 5.2 I n d i c a t e s  the gyroscopic  coupling to  be less in all cases. Thj3 

is due primary to the smaller mechanical fan i n e r t i a s .  

FIGURE 5-1 8 
MECHANICAL RTA GYROSCOPIC COUPLZ NG 

Coupled M/I 
Coupled A x i s  / I n p u t  Axis (rad/secZ) 
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5 . 4  FL r t;irr CON'TKOL SY S ' I ~  - 
Tllc bas l c  nircr;iil:  ci ln l igutat i r rn~i  o P  t h c a  t u r b r , t i p  ;~rrd mcc11nnIcal. v c r ~ l r l n s  

aP the ItTA and r l lc i r  respccLlvc cont;rol  concepts a r c  vcry s i m i l a r .  Only I;he 

mctlluds of t h r u s t  tnodulation Tor a i r c r a f t  a t t i t u d e  and llcigllt c o n t r o l ,  sccn~ming 

Lroal tile Incans of cncrgy d i v r r i b u r i u n  and transicrr ,  a r c  d i f  f c r c n ~  br2twt.cn t h e  

two t;ystcnls, T h i s  a l lows a common d e f i n i t i o n  of the f l i g h t  c o n t r o l  system 

o u t s i d e  oi: the s p e c i f i c  t t l rus t  rnoduln~ian t e c h n i q t c s .  

5 .4 .1  CONTROL SYSTUI FUNCTIONAI. REQULREPlENTS - General  f l i g h t  sirnui . t i 0 1 1  and 

V/STOL f l i g h t  experience vcry s t rong ly  r e i n f o r c e  the  VTOL requirement: f o r  

a t t i t u d e  s t a b i l i z a t i o n .  This was r e c e n t l y  confirmed by RTA s imula t ion  lres ts 

cond ~ c t e d  by biChIR on the  L P S M  under c o n t r a c t  t o  NASAINnvy. The r c s u l t s ,  

confirm most of t h e  previously  e s t a b l i s h e d  d e s i r a b l e  func t ions  and modes f o r ,  

t h e  ItTA. P i t c h  and r o l l  a t e i t u d e  command i s  d e s i r e d  i n  hover.  Abovc 30-40 

lcnots, the pLlots p r e f e r  r a t e  command for g r e a t e r  maneuver c a p a b i l i t y  bu t  wi th  

a t t i t u d e  s t a b i l i z a t i o n  between maneuvers to  a l l e v i a t e  norkload.  The d i r e c t i o n n l  

ax i s  command of yaw r a t e  wi th  a  heading hold mode to keep t h e  a i r c r a f t  irom 

weathervaning provides the  des i red  c h a r a c t e r i s  t i c s  i n  hover. I n  t r a n s i t i o n ,  

Eeedback of l a t e r a l  a c c e l e r a t i o n ,  r o l l  zate, tank an.:le, yaw r a t e ,  and s i  . \  

v e l o c i t y  i s  used t o  i n s u r e  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 t y  and good t u r n  coor.,  

d i n a t i o n  performance. 

The heavy p i l o t  workload on approach t o  a v e r t i c a l  landing can be reduced 

by an automat ic  vec to r ing  mode opera t ing  a s  a f u n c t i o n  of range-to-go o r  

a l t i t u d e  information.  Automati.: trim and manual takeoff  t r i m  s e t t i n g  s e l e c t i o n  

e l l tn inate  p i l o t  concern about: aiaintaininp the  a i r c r a f t  i n  t r L m ,  whi le  the  

v e r t i c a l  r a t e  damper reduces e f f e c t s  of d i s tu rbances  and enhances p r e c i s i o n  of 

he igh t  con t ro l .  

A l i s t  of the  d e s l r e d  f l i g h t  c o n t r o l  system f u n c t i o n s  and modes f o r  the  

RTA I s  contained i n  Figure  5-19. 

5.4.2 PLIGHT CONTROL SYSTEM DESCRIPTION - 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  the technology demonstrat ion a i r c r a f t  i s  based on t h e  premise 

chat  the a i r c r a f t  should  demonstrate h l l  aspects of t h e  technology which i t  

r e p r e s e n t s .  The elements and functions of  the  powered l i f t  c o n t r o l  system and 

ihe c l ~ a r a c c e r i s t i c s  of V/STOL o p e r a t i o n  i n  general. r e q u i r e  a c o n t r o l  system 

which is highly  f l e x i b l e .  To s a t i s f )  t h i s  requirement,  the  Active Control. 

System (ACS) approach was s e l e c t e d .  Thc ACS i s  def ined a s  a  control-by-wire' 

through a dedicated f l i g h t  c o n t r o l  system computer as shown I n  Figure  5-20. 
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IU)C hrt 5 5 1 
V O I  1 

Tlic hCS is a t r i p 1 . e ~  l lybrid i r p l o n ~ e n t n r l o n  of d i g i t a l  and a n a l o g  funcCions 

colnbined t o  achieve d e s i r e d  h i g h  r e l i n b i l i  ~y and. f l i g h t :  saf cty g o a l s ,  Tlie 

iinalul: c u ~ n p u t c r  prcvidcs  rlw ttrinin~um Pllgi l  t con t  r n l  f'unc ~iclns decltled necessary 

f o r  r;;lCc [ l i g h t ,  p.~rt l c u l a r l y  dur ing approach and l a n d i n g  Zollowllig a c o l ~ l p l e ~ c  

d l g l ~ n l .  s y s t e t l ~  f a l t u r c .  Tlrc d i g i ~ a l  computc*r p r o v i d e s  ~ l l e  c a p a c l t y  utld f l c x i -  

b i l i t y  r e q u i r e d  t o  i nco rpo raLe  many d i f f e r e n t  primary f l i g h t  modes, whicll a r e  

des i rab le  for widening I-he scope of r e sca rc l i  a p p l i c a t i o n s .  Both the a n l o g  and 

digical computar ians  a r e  performed s imu l t aneous ly .  The redundancy p r o v i J c s  

c a p a b i l i t y  t o  l and  s a f e l y  i n  t h e  event of e i t h e r  comple te  d i g i t a l  o r  comple te  

ana log  c o n t r o l  funcCion computa t ian  f a i l u r e  w i t h  reduced per formance  i n  e i t h e r  

case. 

The d i g i t a l  control-by-wire flighc c o n t r o l  sys tem i n  t h e  RTA i s  n e a r l y  

i d e a l  f o r  a p p l i c a t i o n s  t o  research. The h igh  f l e x i b i l i t y  of t h e  d i g i t a l  computer 

t o  accept: changes and m o d i f i c a t i o n s  not on ly  porniics o p t i m i z a t i o n  of t h e  b a s i c  

aircraft hand l ing  q u e l i t i e s  th roughout  t h e  f l i g h t  envelope 'tut a l s o  a l l o w s  a 

wide range of a i rc ra f t  c o n f i g u r a t i o n  v a r i a t i o n s ,  f l i g h t  conditions, and m i s s i o n  

casks for research. 

FIGURE 5-19 
FLIGHT CONTROL SY S T r Y  FUNCTIONS/MODES 

o CONVENTIONAL F L I G H T  REGIME 
MOTION DAMPING AND COMMAND SHAPING FUNCTIONS 

a TRANSTT'ON FLIGHT REGIME 

P1TC.I t?r'.TE COMMAND/ATTITUDE ti,,LD 

ROLL RATE COMYAND/ATTITUDE HOLD/HEADING i t O l D  

YAW RATE DAMPING/TURN COORDINATION 

o HOVER FLIGHT KLGIME 

P I T C H  A T T I T U D E  COMMAND 

ROLL A T T 1  ;JDE COMMAND 

YAW RATE COMP!,!ND/HEADING HOLD 

a F L I G H T  PkTH CONTROL MODE 

AUTOVECTOR 

o A U X I L I A R Y  FUNCTIONS 

AUTOMATIC T R I M  

TAKEUFF T R I M  SELECT 

VEFiTICAL RATE DAMPER 

EXHAUST SPLAY (FLOW F I E L D  EVALUATION)  
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F I G U R E  5-20 
RTA BASELINE F1,IGHT CONTROL SYSTEM 

CONVERSION 
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6 .  CONCLUSIONS 

Based on t h e  r e s u l t s  of t h i s  s t u d y  i t  is concluded that t h e  subject 

l i f t / c r u i s e  V/STOL technology demons t r a t o r  a i r c r a f t  : 

o meet o r  exceed a l l  of tlic design g u i d e l i n e  requi rements  

o niake 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 c o n t r o l  power f o r  r e s e a r c h  purposes  

o o f f e r  significant r e s s a r c h  capability a t  low c o s t  

o  p rov ide  f o r  demonst ra t ing  a e z o / p r o p u l s i o n  e f f i c i e n c i e s  and c r u i s e  

f a n  i n t e g r i t y  a t  cruise and l o i t e r  c o n d i t i o n s  

o u t i l i z e  a low cost IITA approach f o r  subsystem d e s i g n  

o  p rov ide  a low r i s k  approach for demonst ra t ing  the l i f t / c r u i s e  fan 

V/STOL aircraft concept  . 
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The purpose of chese g u i d e l i n e s  is t o  provide  a b a s i s  f o r  comparing 

t h e  concep tua l  d e s i g n s  of V/STOL Technology a i r c r a f t  u s i n g  the l . i E t / c r u i s e  

f an  p r o p u l s i o n  system. These g u i d e l i n e s  w i l l  p rov ide  d i r e c t i o n  for only  

t h o s e  i t e m s  r equ i r ed  f o r  concep tua l  d e s i g n  c o n s i d e r a t i o n s .  T h i s  is n o t  an 

a t t e m p t  t o  provide  c r i t e r i a  f o r  e i t h e r  the p r e l i m i n a r y  or d e t a i l  d e s i g n  of 

m i l i t a r y  a i r c r a f t ,  

Except  where s p e c i f i c  c r i t e r i a  a r e  g iven ,  hand l ing  q u a l i t i e s  s h a l l  b e  

c o n s i s t e n t  w i t h  the i n c e n t  of  AGARa-R-577-70 and MIL-F-83300. Under MIL-P- 

83300, t h e  a i r c r a f t  w i l l  b e  cons ide red  i n  t h e  c l a s s  I1 ca t ego ry .  Two 

l e v e l s  of o p e r a t i o n  will be considered. Level  I is nom,al  operation with 

no f a i l u r e s .  Level  2 is o p e r a t i o n  w i t h  a  s i n g l e  r e a s o n a b l e  f a i l u r e  of tht? 

p r o p u l s i o n  o r  c o n t r o l  syster* 

Upon any r ea sonab le  fa::. c or a  power p l a n t  o r  i n  t h e  c o n t r o l  sys tem,  

t h e  a i r c r a f t  s h a l l  b e  c a p a b l e  of completing a STOL f l i g h t  mode takeoff and 

c o n t i n u i n g  s u s t a i n e d  f l i g h t .  With f a i l u r e  of t h e  most c r i t i c a l  power 

p l a n t ,  Level 2 performance sha l l .  be achieved  a c  s e a  l e v e l  and a t  90°F 

under t h e  fo l l owing  c o n d i t i o n s :  (a)  STOL Mode - c a p a b i l i t y  for c o n t i n u i n g  

f l i g h t  on a f l i g h t  p a t h  1 l/ZO above t h e  h o r i z o n t a l  a t  a weight  which s h a l l  

i n c l u d e  2500 l b s .  payload and fuel s u f f i c i e n t  f o r  11 STOL test mis s ions ;  

(b) VTOL Mode - c a p a b i l i t y  f o r  a t h r u s t  t o  weight r a t i o  of 1.03 w i t h o u t  

a l t i t u d e  c o n t r o l  a t  a weight  which s h a l l  i n c l u d e  2509 l b s .  payload and f u e l  

s u f f i c i e n t  fo r  2 VTOL t e s t  mi s s ions .  Fan f a i l u r e  d u r i n g  Low speed f l i g h t  

is n o t  a des ign  requi rement  (as s i m i l a r l y  the case f o r  r o t o r  type o r  

p rope l l e r -d r iven  c o n c e p t s ) ,  a l t h o u g h t  c o n s i d e r a t i o n  of a  turbo-engine 

f a i l u r e  is a  des ign  requi remznt .  
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1.0 F l i g h t  S a f e t y  and Operating Cr i ter ia  

1.1 Handling Q u a l i t i e s  C r i t e r i a  (low speed powered l i f t  mode) 

Def in i t ions  of the two l eve ls  a r e  a s  fo l lows:  

Level 1: F l y i n g  q u a l i t i e s  arc s a t i s f a c t o r y  for research 

and t ethnology den~ons t r a  tiorb m i s s  i o n s  when flown 

by an e n g i n e e r i n g  tesc  p i l o t .  

Level 2 :  Flying q u a l i t i e s  a r e  adequate t o  c o n t i n u e  f l i g h t  

and l and .  The p i l o t  work l oad  is i n c r e s s e d  b u t  

i s  still w i t h i n  t h e  c a p a b i l i t i e s  oE an  eng inee r ing  

tes t  p i l o t .  

1.1.1 A t t i t u d e  Con t ro l  Power ( S . L . ,  90°F). 

Applicable for a l l  a i r c r a f t  w e i g h t s  and a t  any speed up t o  

VCo,. For  purposes  of t h i s  s t u d y ,  the  VTOL v a l u e s  will a p p l y  

near hover (0 t o  40 k t s ) ;  where t h e  STOL values will apply  

when o p e r a t i n g  above 40 k n o t s .  The Tab le s  l ist  minimum v a l u e s ,  

h ighe r  l e v e l s  are desirable f o r  r e sea rch  purposes. 

Level 1: The low s p e e d  c o n t r o l  power shall. b e  s u f f i c i e r i t  t o  

s a t i s f y  the most c r i t i c a l  of t h e  three Eol lowi~lg  

s e t s  o f  c o n d i t i o n s :  

Cond i t i ons  (a) -- t o  b e  s a t i s f i e d  s imu l t aneous ly ,  

(1) Trim with t h e  most critical CG pos i t ion .  

( 2 )  I n  ~ a c h  c o n t r o l  channel  provide c o n t r o l  power, 

f a r  maneuve- o n l y ,  equal t o  the most c r i t i ca l  

of t h e  requirements given i n  the following t a b l e .  
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These maneuver c o n t r o l  powers a r e  a p p l i e d  so  that 100% of the  

most c r i t i c a l  &ad 30% of each of the remaining t w o  need occur 

simuLtsneously. 

Condition (b) -- A t  least  50% of the above c o n t r o l  

power s h a 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  is  trimmed i n  a 25 knot crosswind. 

Condit ion ( c )  -- A t  l e a s t  90% of t h e  control power 

s p e c i f i e d  in cond i t ion  (a) s h a l l  be avail .ablc a f t e r  

compensation of t h e  gyroscopic moments due t o  t h e  

maneuvers s p e c i f i e d  i n  cond i t ion  ( a ) .  This 

cond i t ion  inc ludes  trim w i t h  t h e  most c r i t i c a l  

CG posi ton.  

Level 2 :  The low speed c o n t r o l  power s h a l l  be sufficient t o  

s a t i s f y ,  s imul taneously ,  t h e  following: 1 

f 

Axis 

Roll. 

Pitch 

Yaw - 

--- 
Maximum Control  Moment 

I n e r t i a  

VTOL 

0.9 r a d / s e c 2  

C 0 , 5  r a d / s e c 2  

? 0 . 3  rad/sec2 

- t 
A t t i t u d e  Angle 
i n  1 sec a f t e r  
o S t e p  I n p u t  

STOL 

f 0.6 r a d / s e c 2  

f 0.4 rad/sec2 

f 0.2 r ad / sec2  
- 

VTOL 

c 15 deg 

t 8 deg 

3. 5 deg  

STOL 

.f. 10 deg 
L 

f 6 deg 
C 

2 3 dcg 
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any rr~;~soll;tl,l c :; i lrj:l r? f n i  I ~ r c  of  ~ ~ i , w t i r  pl  i t n t  

f o r  in; lniauvtJr  c r l ~ l y ,  ,~i111;'1 t o  a t  1 ~,tr;t:  tlrc 

Eol l o w  i ng : 

A ~ t i t u d c  Angle 
i n  1 S E C  a f t e r  
a S t e p  Tnput 

F. 7 t l q  j- 5 dcg 
._  _ ........ ____..____-- . .  .. -I 

.1- 5 r l t ! p ,  P 5 (1t.g 
...... .__.__...__-4_._ -__. 

t 3 dcg t 2 dcg  

Simultaneous mnrlruvcr crlilt 1-01. jlow~r nl>c\d not 11e t ;~.r?ntcr  Llinn 

( h )  13i Lh :,!II,I.,~!; jll%;l: c-lcaar of the ground 
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Levcl 2: (a) In F r e ~  n t r  -O.lg, +O.OSg 

(b )  With wheels just clcnr of the ground 

-O.lOg, +O,OOg 

It shal l  a l s o  be possible t o  produce the following h o r i z o n t a l  

incremental  acceleration, but: no t  s imultaneously w i t 1 1  height: 

control , 

Level I: 2 0,15g 

Level 2 :  f 0  . log  

A t  appl icable  aircraft weights i t  shall b e  p o s s i b l e  t o  produce 

the following s t a b i l i z e d  thrust-weight ration without  a t t i t u d e  

c o n t r o l  inpu t s .  

Level 1: E = 1 .05  i n  f r e e  a i r  (Takeoff power r a t i n g )  
W 

Level  2 :  1 = 1.03 i n  f r e e  a i r  (Emergency power r a t i n g )  
W 

With the  most c r i t i c a l  engine f a i l e d ,  Level 2 performance s h a l l  

be achieved a t  a we igh t  which s h a l l  inc lude 2500 Ibs .  payload 

and fuel s u f f i c i e n t  f o r  2 VTOL test missions ( f igure  l a ) .  

1.1.2.2 VTOL and STOL Approach (40 kts. t o  VCON) 

A t  t h e  applicable landing weight the a i r c r a f t  s h a l l  be capable  

of making an approach a t  1000 FPh r a t e  of d e s c e n t  w h i l e  

simultaneously decelerating a t  0.08g along t h e  f l i g h t  pa th .  

I t  s h a l l  be p o s s i b l e  t o  produce the  fo l lowing incremental  

normal a c c e l e r a t i o n s  by r o t a t i o n  alone (angle o f  a t t a c h  change 

and constant  thrust) i n  l e s s  than  1.5 seconds a t  the STOL 

landing approach s i r speed  where reasonable  rotation (angle of 

a t t a c k  changes) will produce a t  l e a s t  0.15g's. 
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Lcvel 1 :  2 0.16 

Level 2: ? O.05g 

It s h a l l  be pos~ible t o  produce  the  following normal nrc:clrrations 

i n  a t  l ea s t  0.5  seconds f o r  f l i g h t  p a t h ,  f l a r e ,  o r  touchdown 

cantrol by e i the r  thrust changes or combined thrust changes and 

rotation at STOL landing approach speeds  below which 0.15g's 

can be produced by reasonable r o t a t i o n  alone.  

Level  I :  ? 0.1g 

Level 2:  2 0.05g 

3 VTOL and STOL Low Speed Cont ro l  System Lags (S.L.  t o  1000 f t .  

90"). 

The effective time constant ( t i m s  to 63% of t h e  f i n a l  value) 

for a t t i t u d e  c o n t r o l  moments and f o r  flight path control forces 

shall n o t  exceed t h e  luvels given i n  t h e  f o l l owing  tab le .  

With a step-type input at the l ) i i s t ' s  control the commanded 

c o n t r o l  moment: or force s h a l l  be a p p l i e d  w i t h i n  t h e  Eoll.owing: 

t 

Attitude 
Control Moments 

F l i g h t  P a t h  ' 

Cont ro l  Forces 

* 
Level 1 

0 . 2  sec 

0.3 sec 

Level 2 
L 

0.3 sec 

b 

0.5 sec 

i 
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Level 1: 0,3 t;cconds for 0.5 inr.hcw er p l ! l i ~ ' ~  ~ * o l l t r O l  

0 . 5  sccond~ f o r  full pilot's rant;.ol 

Lcvcl 2 :  0.5 s~ c o n d s  lor f u l l  pilot's control 

1 . 1 . 4  S t a b i l i t y  (S.1,. to 1000 FC., 90°F) 

1.1.4.1 Hovering 

The frequency and damping of the nirfrarnc*/control s y s t c ~ i  

dynamics, In t h e  h o v e r i n g  condition, s h a l l  be w i t h i n  the 

following l i m i t s  Tor the t h r e e  r o t a r y  axes:  

Level 1 : Opt imutn damping and f rvc lucncy  zonc o s t a b l l s h e d  

from t h e  Ames six-degree-of-freedom moving base 

simulnror ( f i g u r e  21, 

Level 2: The  zone given i n  figure 2. The boundary of 

this zone corresponds to a damping f a c t o r  of  

0.166 for values of w,, above 1 rnd sec.  

1.1.4.2 Low Speed 

Level 1: The dominant oscillatory modes shall be maintained 

as close as possible to the optimum zone specified 

in section 1.1.4.1 w h i l e  maintaining other oscil- 

latory modes damped. Aperiodic modes, i f  unstable, 

shall have a time to double  amplitude oE greater 

than 20 sec .  

Level  2 :  The dominant o s c i l l a t o r y  modes s h a l l  be mainta ined  

within the Level 2 zone given in figure 2. Other 

o s c i l l a t o r y  modes may b e  unstable provided t h e i r  

f r equency  is l e s s  t han  0.84 r a d / s e c  and t h e i r  t i m e  

to double  amplitude greater than  12 sec. Aper iodic  

modes, i f  unstable, shall have a time to doub le  

amplitude of greater than 12 see.  
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1 .1 .4 .3  Cruise 

The a i r c r a f t  os conEigured Ear c r u i s e  f l i g h t  s h a l l  be 

s t a r i c n l l y  s t a b l e  at: a l l  gross weights wi th  n stability 

mnrgln of 0.05 a t  t h e  c r i t i c a l  cenccr of g r a v i t y  without 

s t a b i l i t y  augmentat i o n .  

1 . 2  STOL Takeoff  Fcrformancc 

The climbout g r a d i e n t  i n  the takeoff conf igura t ion ,  at 

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

p l a n t  f a i l e d  a t  l i f t  o f f  s h a l l  be p o s i t i v e  and the a i r c r a f t  

w i l l  cont inue t o  a c c e l e r a t e .  

During takeoff wing l i f t  s h a l l  not  exceed 0.8 CLMAX. 

No c a t a p u l t s  o r  arresting gear  w i l l  be u t i l i z e d .  The r o l l i n g  

c o e f f i c i e n t  of friction w i l l  be 0.03. ( f o r  calculations) 

1 . 3  Conversion Requirements (STOL and VTOL) 

Tr m u s t  be poss ib le  t o  stop and reverse  t h e  conversion 

procedure quickly and safely without undue complicated opera t ion  

of t h e  powered l i f t  controls. 

The maximum specd i n  the powered-lift conf igura t 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 i n  the  

converted conf igura t ion  for l e v e l  1 opera t ion  and the speed i n  

the  powered l i f t  configuraei.on s h a l l  be a t  l e a s t  10% g r e a t e r  

than  the power o f f  s t a l l  speed f o r  the l e v e l  2 opara t ion .  
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2.0 bfiss ion 

2 . 1  Mission Summary 

I Lnnd Operation -- The VTOL and S'IOL t e s t  mf~sions are  descr ibed 

ih f i g u r e  I. 

- Minimum l l l s s i o n  Time - Level 1 
VTOL Miss ioirs 1 / 2  hour  

STOL Blissions 1 hour 

Cruise/Endurance Mission 2 110urs 

- Payload ( n o t  i n c l u d i n g  crew) 2500 l b s  (minimum) 

TO cu, Ec. 

2.1.2 Shipboard Ope ra t ion  -- Thz a i r c r a f t  shall be capable of opera t ing  

from the  deck of a naval aircraEt c a r r i e r .  

2 . 2  Minimum Cruise Speed 

- 300 KEAS a t  s e a  level and 0 . 7  a t  25,000 Et. 

3.0 General Des ign  G u i d e l i n e s  

3 . 1  Ausrer i ty  is t o  be s t r e s s e d  but n o t  by compromising s a f e t y .  

3 . 2  The l i m i t  load f ac to r  will be no less than +2,5g, -0.5g at 

design g r ~ l s s  weight.  

3 . 3  S u f f i c i e n r  a t t i t u d e  c o n t r o l  power w i l l  be a v a i l a b l e  t o  p e r f o r m  

research on control r e q u i r e m e n t s .  The c o n t r a c t o r  s h a l l  i n d i c a t e  

those  axes whore greater control power t h a n  r e q u i r e d  i n  s e c t i o n  

1.0 would b e  made a v a i l a b l e  for research purposes. 

3.4 New aircraft components w i l l  be designed f o r  a p p r o x i m a t e l y  

500 f l i g h t  h o u r s .  

3 .5  A d d i t i o n a l  I n f o r m a t i o n  

- C r e w  

- S i n k  rate  at  rouchdown 

A-11 

2 pilots ( f l y a b l e  by one 
p i l o t  o n l y ,  o r  by 
e i t h e r  p i l a e )  

12 f p s  a t  max landing 
w e i g h t ,  15 fps desired 
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Minimum 

S t i c k  and P e d o ~  . 

- P r k s s u r i z e d  c o c k p i t  is  des i red  
b u t  no t  r c q u i r c d  

- Oxygen r e q u i r e d  

- Cockpi t  Environmental  System 

- P i l o t ' s  Pr imary F l i g h t  Controls  

- E j e c t i o n  System f o r  both p i l o t s  

- Maximum p o s s i b l e  v i s l . b i l i t y  

3 . 6  The c o n t r a c t o r  s h a l l  f u r n i s h  an n minimum: 

a .  Canccptua l  design a i r c r a f t  l a y o u t  d rawingz .  

b.  M i 1  S t d .  1374 P a r t  1 s h a l l  be used t o  show t h e  empty 

weight  breakdown i n t o  the u s u a l  structure1 and system g m u p  

incJ.udinq a d d i t i o n s  and d e l e t i o n s  t o  t h e  o r i g i n a l  aircraft. 

c .  Low speed performance envelope a t  d e s i g n  g r o s s  we igh t .  

d .  Conceptua l  definition of p roposed  a i r c r a f t  low speed 

c o n t r o l  and s t a b i l i z a t i o n  system. 

e. Con t ro l  moment c o e f f i c i e n t s  and c o n t r o l  power about  eact, 

a x i s  w i t h  a l l  ga s  g e n e r a t o r s  r.pe.,rating and with m ~ s t  

c r i t i c a l  gas g e n e r a t o r  f a i l e d .  

f ,  Engine and f a n  data which were used t o  c a l c u l a t e  m i s s i o n  

performance i n  a l l  f l i g h t  modes. 

4.0 Summary of Costing In fo rma t ion  requxred  f o r  t h e  Research and 

Technology A i r c r a f t  

The Cos t  Breakdown i s  f o r  a two a i r p l a n e  buy. The Cost Breakdown . 
s h a l l  be s t a t e d  i n  f i v e  p r i c i n g  e l emen t s ;  eng inee r ing  Labor,  

manufnc tur ing  l a b o r ,  mate r ia l s  and purchased  i t e m s ,  o t h e r  

direct costs ,  and s p a r e s  ( i f  a n y ) .  A l i s t i n g  uT Government 

Furnished Equipment (GFE) assumed i n  the c c s t i n g  sha'l be 

i n c l u d e d .  It i s  tended that the c o s t i n g  i n f o r m a i i ~ s  s h a l l  b e  
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complete i n  that the t o t a l  costs of the  subitems l i s ~ e d  in 

paragraphs G . 1  thru 4.8 shall equal the total costs of the 

aircraft excluding the GFE items. 

4 , l  Airframe Design and Modification i n c l u d i n g :  

" Landing Gear 

O Subsystem and conventional c~ntrols 

' Cockpit 

Eject ion seats 

" Wings 

Fuselage 

O Empennage, 

" Miscellaneous 

4.2 Propulsion s y s t e m  including: 

Components in 5.0 

O Transmission components 

" T r a n s m i s s i o n  s u b s y s t e m  

O Thrus t  vectoring 

O M i s c e l l a n e o u s  

4 . 3  Control  System including: 

O Fly-by-wire controls 

P-ygmentation s y G terns 

a Miscellaneous 

4 P r t g u l s i o n  System Test ing including: 

" Components in 5.0 

O 'I1r;insrni ss i o r ~  c-oml)ot1r-n ts 

O Thrust vectoring 
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" Qual f f i co t ion  tests  

O Airc ra f t  ground t e s t s  

a Wificellancuus 

4.5 Control System Aircraft Testing i n c l u d i n g :  

' Component t e s t s  

" System integration 

" Aircrafc ground t e s t s  

4.6 Aircraft Ground Tests 

" Excluding aircraft ground tests in sections 4.4 and 4.5 

4.7 Ejectiori Seat Tes ts  

4.8 Flighk T e s r s  

O , *on t r ac to r  F l i g h t  Test 

4.9 Government Furnished Equipment i n c l u d i n g  : 

" NA265-40 basic a i r f  tame 

O Airframe components 

Fans 

Engines 

" Research instrumentation 

' Miscellaneous 

5.0 Summary of ths Costing Information required for the high risk 

propulsion components 

The costs for each component shall be stated in f o u r  pricing 

elements; engineering labor, manufacturing labor, material 

and purchased items, and other d i r e c t  costs. For each of 

the p r i c i n g  elements, t h c  component costs sllalJ. be s t a t e d  for 

the following categories: data base requirements (effort 
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r e q u i r e d  t o  tlcnc*lrnulatc required Ja ta  before d e t a i l  design 

including data search, analysis, r e s t s ,  c t c .  ) , des ign  and 

manufacture, component testing, and unit qualification t e s t i n g .  

Thus each component c o s t s  shall be s t a t e d  i n  a four by f o u r  

matrix. 



FIGURE i - TYPICAL VTOL PIN2 STOL TEST RISSIOWS 

2- 

i3 m;FOH 

A 

VTGL ( 3 E S i R E D  PERFOR;%ANCE) 
I 
C - ST01 (DES 1 RED PERFOR:*YXCE) - 
a 
Oc 
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If 
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APPENDIX I3 

TURBOTIP RTA PROPULSION SYSTEM DATA PACKAGE 

(3)  ~ ~ 9 7 )  (3) LCF459 FANS 

WICDORJNELL AIRCRAFT COMPANY 

B-1 



M3C A4551 
Volume L 

I. P E W O W C E  DATA 



1 Parameters 
8 I 

(3) YJ97-GE-100/(3) LCF 459 PANS 
NORbL4L POIJERED LIFT 

INSTALLED VTOL PROPULSION SYSTEM PERFORPfANCE 
SLS, 89.8"F 

Gas Generator 
WW 
TIT 
EET 
EGP 

Vg 
k' f 

.'1I20/Ida 
fIz0 

Fans 
RPhi (Fwd) 
WP[ (L/C) 
W, (Fr:~d) 
I?, CLJC) 
FN (Fwd) 
FN (L/C) 

OF 
psia 
Ib/sec 
lb/hr 
lb/scc 
% 

LBjSEC 

T o t a l  Propul.sion System 1 lift lb 

Max Dry I In t .  Dry 
1 
1 Reduced Power 

i i 



(3) Y397-GE-100/ (3) LCF459 FANS 
ENGINE OUT LIFT RATINGS 

INSTALLED VTOL PWPULSIOV SYSTEM P E R F O W C E  
SLS, 89.8"F 

Parameters 

d 

Gas Generator 
R P M  % NGG 
TIT OF 
E GT "F 
EGP - p s i a  
I% lb/sec 
TJ f I b / h r  
W a  lb/sec 
H20/Wa X 
H z 0  .1b/sec 

Fans - 
RPN ( ~ w d )  % NF 
RPtf (L/ C) % NE 
Wa Ib/sec 

(L/c) Ib/sec 
FN (&dl lb 
FN (L/C) Ib 

Total ~ro~uision System - 
Lift l U  
TI£ l b / h r  
L i f t  SFC l b / h r - l b  
Airflow I b / s e c  

Porrer Rat5ngs 

Reduced Power 

98 95 

1274 1144 
43.82 37.71 
60.16 53.83 

3690 2905 
59.44 5 3 . 2 9  

0.0 0.0 
0.0 0.0 

74.5 66.5 
74.5 ' 66 .5  

453.2 401.8 
4.53.2 451 - 8  

7336 5632 
7263 5576 

21,862 16,784 
7360 5810 
.338 .34S 

1537.9 1365.3 __\ .."'-- 

Emergency 

Dry 

107.1 

1600 
54.47 
6 8 .  G8 
5468 
66.90 
0.0 
0.0 

Intermediate 
Dry 

101.5 

1418 
49.79 
65.70 
4570 

64.76 
0.0 
0.0 

86.1 I 81-6 
86.1 

520.82 
520.82 
10,156 . 
10,055 

30,266 
10,936 

.361 
1696.3 

81.6 
496.2 
496.2 
8955 
8866 

26,687 
9160 
.342 

1682.9 



TURBOTIP RTA 
INSTAL LED CONTROL PERFORMNCE FOR THREE ENGINE VTO OPERATTON 

(3)  YJ97-GE-700/ (3)  LCF459 FANS - - 
SEA LEVEL, 89,8OF - 

GROSS E I G H T  = 25286 18 (5 CIRCUITS FUEL) 

SYSTEM OPERATING CHARACTERISTICS ONE LIPT/CRUZSE FAN THRUST 

94 95 98 100 702 104 106 108 

% NGG - PERCENT GAS GENERATOR SPEED - X RP>I 



TURDOTIP RTA 
INSTALLED CONTROL PERFORWNCE FOR ENGINE OUT VTg OPERATION 

(3)  YJ97-GE-100/ (3)  LCF459 FAN SYSTEM 
SEA LEVEL, 89.8"F 

GROSS WEIGHT = 23660-:L.E (2 CIRCUITS FUEL). 

;SYSTEM OP~RRTING CHARACTERISTICS ONE LIFJ/CRUISE FAN THRUST 

94 9G 98 100 502 104 106 708 94 95 98 100 I02 104 106 108 

% NGG - PERCENT GAS GENERATOR SPEED - 9: RPN 



NET PROPULSIVE FORCE PER L/C FAN 
(3)  YJ97/ (3 )  LCF459 FAN SYSTEM 

INTGlWED'LATE POWER, STD DAY 
(ONE ENG / nNE FAN) 

2 4 6 8 10 12 

FNP - NET PROPULSIVE FORCE - lo3 LB 

IWCDONNELL AIRCRAFT COMPANY 

B-7 



E-'YL FLOW PER GAS GENEIWI"I'R 
( 3 )  YJ97/ (3) LCF 459 FAN SYSTEM 
INTERMEDIATE POWER, STD DAY 

(ONE ENG/ONE FAN) 

0 1 2 3 4 5 6 

$ - ENGINE FUEL PLOW - 103 LB/HR 

MCDONIUELL AIRCRAFT COMPANY 

13- 8 



REDUCED POiJJlR PERl?QRMIWCE 

(3 )  YJ97-GE-100/(3) LCF 459 FAN SYSTEM 

(ONE ENGINE/ONE FAN) 

STANDARD DAY 

PNp/ba - CORRECTED NET PROPULSIVE FORCE - 1000 LB. 

MCBONNELL CZ6'MCRAFT COMPANY 

B-9 
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LLPT/CRUISE FAN INLET MASS FLOW RATIO 

(3) ~ ~ 9 7 /  (3) LCF459 FANS - 

0 2 4 6 8 10 

3 F N ~  - NET PROPUZSIVE FORCE - 10 LB 

WCCJONlVELL AIRCRAFT COMPANY 

3-10 
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TOTAL RAM DRAG DURING POlJERED LIFT FLIGHT 
(3) ~ ~ 9 7 /  (3) LCP 459 PANS 

S,L., 89.8"F 

NORMAL 0,PEMTXON 

FLIGHT VELOCITY - KNOTS 



TOTAL W I  DRAG DURING POWERED LIFT FEIMT 
(3) Y ~ 9 7 /  (3)  LCF 459 FANS 

S.L., 89.8OF 

ENGINE OUT OPEMTION 

0 

0 40 80 120 160 200 240 

FLIGHT VELOCITY - KNOTS 

MCQOMNL9LL PIPRCRAFT COMPANY 

3-13 
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TI. INSTALLATION FACTORS 

PtCLIONNELL CbCWCRAF7 COMPANY 

B-14 
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GAS RTA 
PROPULSION SYSTEM INSTALLATION FACTORS 

VTO OPERATION 

Component I n s t a l l a t i o n  Loss 

GM GEKEUTORS 
Inlet Pressure Recovery 
Compressor Bleed 
nursepower Extraction 

L/C FANS 
Inlet Pressure Recovery 
Eorsepower Extraction 
Nozzle T h r u s t  Coefficient 

NOSE FAW 
Inlet Pressure Recovery 
Nozzle Thrust: Coeff ic ient  

XNTERCOhWCTING D3CTLNG 
L/C Fan Duct Pressure Lass 
Nose Fan Duct Pressure Loss 
Scrol l  Pressure Loss 

ADDITIOWAL PERFORImCE ALLOIJANCES 
Thrust Derate 

Installation Factor  - 

Page 13 
l/ 2% 

25 HP/Eng. 

Page 13 
50 HF/Fan 

,940 

MCDQNNELL AIRCRAFI COMPANY 

0-15 
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GAS RTA 
ESTIMATED TOTAL PRESSURE RECOVERY 

S.L.S., 89.8"F 

2 0 40 60 80 100 120 

% DESIGN CORRECTED FAN AIRBLOW 

MCDONNELL AIRCRAFT COMPANY 

B-16 



VECTORING SYSTEM PERFORMAfjCE . . - .  
. - .  INTEIUIAL CASCADE LIFT VECTORIHG NOZZLE 
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GAS R'flA 
PROPULSION SYSTEM INSTALLATION FACTORS 

COWENT1OXA.L FLIGHT 

Nominal 
Installation Factdr 

Component Ins ta l la t ion  Loss 

GAS GENERATORS 
Inlet Pressure Recovery 
Compressor Bleed 
Horsepower Extraction 

L/C FANS 
Inlet Pressure Recovery 
Horsepower Extraction 
N ~ z ~ l e  Thrust C~eEfbcient 

I N ' l ! E R C O ~ C T I N G  DUCTING 
LiC Z'ac Duct Pressure Loss 4.2% 
Nose Fan Duct  Pressure Loss - 
Scroll Pressure Loss 5% 

ADDITIONAL PERFORMANCE ALLOWANCES 
Thrust Derate 32 

Engine Bay Ventilation and ECS Drags (b 1' 

Notes: (a) During cruise, fan and gas generator'recoveriesvary per Page 16 

@) Ten percent of intermediate power gas generator 
. ram drag at all Mach/altitude/power settings. 

WCDONNELL. AIRCRAFT COMPCLWY 

B-18 



MDC A4551 
'Va 1 urnla I 

GAS RTA 
ESTIMATED INLET TOTAL PRESSURE RECOVERY 

CONVENTIONAL FLIGHT 

0.2 0.4 0.6 0.8 '1.0 

FLIGHT MACH NUMBER 

MCDONNELL AIRCRAFT COMPANY 
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ESTIMATED INLET DRAG CHARACTERISTICS 
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iX 1. PHYSICAL DIMENS IONS AND WTGMTS 

WCC1ONNEL.L AIRCRAFT COMPA#Y 
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PROPOLS ION SYSTEM INSTA LLAfIbfd 

DUCT (CROSS TYPE SECTION) 

----- 

NOSE FAN ETaC VALVE 

IN. 



LIFT FAN IN?.XT DEFINITION 



TURBOTIP RTA 
HOSE FAN UNIT DESIGN WIDELINES 

- INLET LIP CONTOUR = 3.41:l ELLIPSE 
- CONTRACTION RATIO 1.84 

0 INLET AREAS 

o INSTALLED PERPOmmCE 

i - INLET RECOVERY F .988 
P - NOZZLE VELOCITY COEFFICIENT 0.95 -- 
P o VECTORING REOUIREMENTS 
b - ARTICULATING VANES: 40" 5 9 5 105" 

7 5 - YAW VANES : 216' 
ru n 
rn a 



LIFT CRUISE I= DESIGN GUIDELINES 
o IFKITERBAL GEOXETRY 

- f.Wx I r lTERf lAL LIhLL ANGLE (@PAX) + = 7 O  @ .5 LD - I i i t E T  LIP  THICKIIESS RATIO (Y/RHL.) - -.lo - I l lLET LIP C0:lTOUR - - . . - = 2 ~ 1  ELLIPSE - L I P  LEiIDll lG EDGE RADIUS (RLIP) F .05 RHL - It!TERllAL DUCT CUilTOllR CUOIC CONTOUR - - D l  FFUSER 'LCIIGTII RATIO (LD/DF~)  0.5 . . 

Q EXTERI IAL GCOlClETAY 

- COlrL TI1ICl;tlESS RATiO (RII / R I ~ ' ; ~ x )  - COUL FII:EIILSS RATIO ac,bEU\X - R H ~ ~  - COIJL C0;ITOUR DAC-3 SHAPE - DRnG RISE f.'ACH IJUVBER 

o INLET k W S  

- THROAT - 14.5 FT2 

- HIGHLIGHT - 18.13 IT2 

4 

. .  . 

I 

i -  

- .  



GAS GENERATOR SIDE INLET DESIGN CRITERIA 

- MAX INTERNAL WALL ANGLE ( O m )  = 5' at - 5  LD 
- CONTRACTION RATIO (RHL/lXm) 2 = 1.40 
- INL'ET LIP  CONTOUR = 2:1 ELLIPSE 
- INTERNAL DUCT CONTOUR = CUBIC CONTOUR 
- DIFFUSER LENGTH RATIO (LD/C~)  = 1.39 
- ENGINE FACE DIMETER (DE) = 20.15 IN. 

o EXTERNAL GEOMETRY 

- LIP LEADING EDGE RADIUS (RLE) = b2/a 

t - COWL CONTOUR = DAC-3 SHAPE 
n 
ij o INLET AREAS 
9 



GAS GENXRATOR TOP INLET DESIGN CRITERIA 

(FOB 3rd ENGINE) 

- MAX INTERNAL WALL ANGLE ( 0 ~ ~ )  = 9' at .5 Ln 
- CONTRACTION RATIO ( R ~ / R T H ) ~  = 1.40 
- INLET LIP CONTOUR = 2:l ELLIPSE 
- INTERNAL DUCT CONTOUR = CUBIC CONTOUR 
- DIFFUSER LENGTH RATIO (LD/DE) = .50 

t - ENGINE FACE DIAMETER (DE) = 20.15 IN. 

8 o EXTERNAL GEONZTRY 
8 
Z z - L I P  LEADING EDGE RADIUS (RLE) = b2/a 
P - COWL CONTOUR = DAC-3 SHAPE 

RLE - 
ELLIPSE - 

b 
7'1 o INLET AREAS 
g !  

-Am= 2,710FT 2 
9 - Am = 1.920 FT' 
n 



MDC A4551 
Volume I 

L/C NOZZLE SIZING CHARACTERISTICS 

(3) YJ97-GE-100/(3) LCF 459 

VERTICAL 

%%, r VTO NOZZLE EXIT AREA 4487 IN. 2 

%X s CRUISE NOZZLE EXIT AREA = 1900 IN, 
2 

cruise 

LT = 58.85 IN. 



biDC A4551 
Volume Z 

YJ97 CYCLE DESIGN CHARACTERISTICS 

UNINSTALLED CHAMCTERISTICS AT INT-IATR 
S . L .  STATIC, ST- DAY 

% NGG, % RPM 
CPR 
W ~ G ,  EB/SEC 
TIT,  O R  

EGT, O R  

EGP, PSIA 
WGAS, LB/SEC 
WFM, LB/HR 
WEIGHT, LB 
WPI 
H P I / ~ I G H T  
HPI SFC 

MCl30IYNELL AJf7CRAFr COMPANY 
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ElDC A4551 
Volume T 

LCPC.59 TURDOTIP FAN DESIGN CIIARACTERI STICS 

UNTNSTALLED CHARACTERISTICS AT INTERMEDIATE 
S.E. STATIC, S'IIANDARJ DAY 

Aero De~ign FPR 1.319 

TDPR 1.19 

Pan Airflow, lb /sec  

Turb ine  Gas Flow, lb/sec 

T h r u s t ,  lb 

SFC 

Fan Diameter, in. 

Fan Weight, lb 850 

MCIDONAIELL AIRCRAFT COMPANY 
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MDC A4551  
Volume I 

APPENDIX C 

IIECHANICAL RTA PROPULSION SYSTEM DATA PACKAGE 

MCDOUNELL AIRCRAFT COMPANY 

C-1 



I .  PERFORMANCE DATA 

MCDOIVNELL AIRCRfiFI COMPANY 
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MECHANICAL RTA 
INSTALLED VTOL PROPULSION SYSTEfrl PERFORMANCE 

SLS, 89.8"F 

a 
I 
W 

(2) 2 CIRCUITS FUEL 

$ 
C 

g 
i! 

cI -- w 

POWER -- 
I 

NO RIAL NORIML ENGINE OUT ENGINE OUT 
PARAMETERS INT. DRY (MCAI2 EST) INT. WET + 25" (KCAIR EST) 

(T/W=1.25)(1) (T/tl=7.05)(11 (~/tl=l,06)(2) (~/kr=1.03)(2) 

SUPERCHARGED GAS GENERATOR (CORE) 
RPf4 % NGG 
BOT O F  

HA LB/SEC 
\IF LB/HR 
!?GAS LB/SEC 
!Hz0 LB/SEC 

UNSUPERCHARGED GAS GEPIERATOR (CORE) 
RPM % NGG 
BOT O F  

LB/SEC WA 
LB/HR WF 

WGAS LB/SEC 

34.9 
Ej 
361 8 
45.9 

0 

EJ 
41.3 
3346 
42.2 

W H ~ O  LB/SEC 

FANS - 
0 0 1 . 3  

40.7 
2846 
40.9 

0 

E 
38.5 
2741 
39.3 

RPM (LIFT L L/C FANS) % NF 
WA (L/C FAN) LB/SEC 
WA (LIFT FAN) LBjSEC 
BL/C/BLIFT DEGREES 

TOTAL PROPULSION SYSTEM 
LI FT LEI 
 IF LB/HR 
LIFT SFC LB/HR/L% 

j%Kq 
563.5 
577.5 

-1 0.60/-9.30 

-290 

El 
45.9 
3887 
47.0 

1.4 

1%~ 
47.7 
3579 
42.7 

I [ / = I  
554.2 
562.7 

-13.20/-11-90 

124,9731 
71 69 
.287 

- 

m 
65.2 
3739 
46.2 
1.36 

[ = I  
41 , I  
3430 
42.1 

(1 ) 5 CIRCUITS FUEL 

l-j%m1 
638.1 
641.8 

-0.40;-0.10 

1 

(ao.1 
581 .8 
583.3 

-1 O.O/-9.85 

a 1-3 
10,582 

,329 
8433 
-31 3 



MECHANICAL RPA CONTROL PERFORMANCE 
LI FT/CRUISE FAN 

SLS, 89.8"F 
100% NF 

NORMAL O P E M I O N  ENGT NE OUT OPERATION 

-30 -20 -1 0 0 +10 

A0 - DEGREES 
DDA DATA 

"-a*- MCAI R EXTRAPOLATION 

-30 -20 -1 0 0 

AS - DEGREES 



Volume 1. 

bECI.IANI GAL 1tTA 
NET PROPULSIVE FORCE PER L/C F M  

( 3 )  PD370-25A/ (3 )  PAN SYSTEM 
l N T E W D X A T E  POWER 

STANDARD DAY 

MCDONNELL AIRCRAFT COMPANY 
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Imc ~ 4 5 5 1  
Volume 1 

WF - FUEL FLOW - 1000 LBIHR 

MCIP4NNELL AlRCrtLIFT COMPANY 



MDC A4551 
Volume 1 

REDUCED POIJER PERPON.MCE 
PD3 70-25A hlECIIIWCIAL FAN RTA 

STANDARD DAY 

0 2 4 6 8 10 12 

FNp/6, - CORRECTD NET PROPULSIVE FORCE - lo3 LB 

MCDONIVELL AIRCRAFT COMIf'ANY 
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bUlC A4551 
Volume 1 

LIFT/CRULSE FAN INLET MASS FLOW RATIO 
PD370-25A MECHANICAL FAN RTA 

U R O  DESIGN FPB = 1.2, PAN D I A .  = 62 IN. 

F N ~  - NET PROPULSIVE FORCE - 10' LB 

NOTES: 1. AnL 2.25 At 
2. At BASED ON FOLLOWING: 

o THROAT MACH NO. = 0.77 
o FLIGHT MACH NO. = 0.3 
o INTERMEDIATE POWER AT 36,089 FT 

WITH 3% AIRFLOW MARGIN 

MCRONNELL. AIRCRAFT COMPANY 





MIIC A4551 
Volume I 

RAM DRAG DIIRXNG POWERED LIFT BLIGHT 
PD370-25A MECIlANLCAL FAN SYSTEM 

S.Z.S., 89.8'F 
NORMAL TAKEOFF DRY 

PLIGHT VELOCITY - KNOTS 



bDC A4551 
Volume I 

RhM DRAG DURING POWERED LIFT FLIGHT 
PD370-25A MEGHANI.CN. FAN SYSTEM 

S . L . S . ,  89.8'P 
ENGINE OUT 

INT \JET 

FLIGHT VELOCITY - KNOTS 

MCDONNELL AIRCRAFT COMPANY 
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bIDC A4551 
Volume I: 

I INSTALLATION FACTORS 

MCDONMELL AIRCRAFT COMPANY 
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MDC A4551  
Valumc 1 

MECAHNLCAL RTA 
PROPULSION SYSTEM INSTALLATION FACTORS 

VFO OPERATION 

COMPONENT 

. TURBOSHAFT ENGINES 
. PRESSURE R E C O V E R Y ~  

COMPRESSOR AIR BLEED^ (LBf SEC ) 
HORSEPOWER EXTR4CTIONa 

L/C FAN AND NACELLE 
PRESSURE RECOVERY 
OUCT PRESSURE LOSS 

(FAN COLD STREAM) 
NOZZLE THRUST COEFFICIENT 

LIFT FAN SYSTEM 
PRESSURE RECOVERY 
NOZZLE THRUST COEFFICIENT 

CENTER GEARBOX 
HORSEPOWER EXTRACTION 
HORSEPOWER LOSS 

ADDITIONAL PERFORIANCE ALLOWANCES 
NET THRLIST OFPATE 
SUPERCHARGING 
FAN HP ALLOWANCE DUE TO READ ENGINE 
GROUND EFFECTS/REINGESTION 

NOTES: ( a )  PER ENGINE 
b FURNISHED BY ENGINE CO. 

[ c {  SUPERCHARGED ENGINE 
(d) NON-SUPERCHARGED ENGINE 

NOMINAL 
INSTALLATION FACTOR 

MCDONNELL AIRCRAFT COMPANY 
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EUlC A4551 
Volumu I 

MECHANICAL It'L'A 

ESTLMATED 13RESSURE RECOVERY FOR STATIC PERFORMANCE 

L 4 - - - - - - 
.- 

-\ - 
\*. 

- - 
--.. - 
-\ 

* 
\ 

\ - 
-. 

.--. 
- .  

* \  

- 

. 
'. \ 

/ 

THIRD ENGINE -# / 
(TURBO S W T )  \ - 

-------A,-- 
- - 

\\ 

* 

- - - - 

- 
3 

0 20 40 60 80 10 0 120 

% DESIGN CORRECTED FAN AIRFLOW 

MCD0IVNEL.L AIRCRAFT COMPANY 
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JECTORING SYSTEM PERFORMANCE 

INTERNAL CASCADE LIFT VECTORING !iOZZLE 

GROSS THRUST VARIATION 
- DURING VECTORING i 

FOIl THf.4 AAED 
YAW VECTOAINU 

"D" VENTED LTFT/CRUISE 
VECTORING lJOZ ZLE 

VANE 

.6 90' VECTOR POSlTf ON 
0 20 40 6 0 8 0 100 120 

0 'L THRUST VECTOR ANGLE 



EUlC Asrj51 
Volume I 

MECIWN f CAL RTA 
PROPULSLUN SYSTEM INSTALLATION FACTORS 

Component 

Gas Generator 
Pressure ~ e c o v e r ~ d  
Compressor ~ i r b  l ceda  (lb/sec) 
Horsepower ~xtraction~ 
Nozzle Thrust ~ ~ ~ 2 E i c i e n t  

L/C Fan and Nacelle 
Pressure Recovery 
Duct Pressure Loss 

(Fan Cold Stream) 
Nozzle Thrust Coefficient 

Lift Fan System 
Pressure Recovery 
Nozzle T h r u s t  Coefficient 

Additional Performance Allowances 
Net T h r u s t  Derate 

Cen te r  Gearbox 
Horsepower Extraction 
Horsepower Loss 

Notes: (a) Per Engine 
(b) Furnished by Engine Co. 
(c) Supercharged  Engine 
( d )  Won-Supercharged Engine 

Cruise 

See Page 16 
0.10 

4Oc 
.98 

See Page 1 6  

(b) 

MCDONNELL AIRCRAFT COMPL4NY 
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MECIWLCAL RTA 
ESTIMATED INLET TOTAL PRESSURE RECOYCRY 

CONVENTIONAL FLIGHT 

FLIGHT MACH NUMBER 

M C O O W W E L L .  AIRCRAFT COMPANY 
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ESTIMATED IK ET DRAG CWUCTERISTICS 

- &. 0 
. 3  .4 .5 .b 7 . 8  .9  1.0 

M S S  FLOW RATIO (%!Am) 



iUC A4551 
Volume X 

NOZZLE DRAG 

NO NOZZLE DRAG INCLUDED I N  NPF 

MCDONtUELL AfRCRAFT COMPANY 
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blDC A4551. 
Volume I 

111, PHYSICAL DIMEKSIONS AND WEIGHTS 

M C D U W W E L L  AIRCRAFT COMPANY 

C-20 



o 2 o 4 o 60 80 loo 16 o 180 
I 

L's - ANGULAR POSITION - DEGREES 

MCOOWNELL AIRCRAFT COMPANY 



MEC~ANICAL RTA 
NOSE FAN UNIT DESIGN GUIDEI-INES 

o INTERNAL GEOMETRY 

- INLET L I P  CONTOUR = 2:l ELLIPSE 
- CONTRACTION RATIO = 7-45  

o INLET AREAS 
- AHL = 3584 rn.2 
-  AT^ = 2472 IN. 2 

o INSTALLED PERFORMANCE (STATIC) 

- INLET RECOVERY = .988 
- NOZZLE VELOCITY COEFF. = .95 

o VECTORING REQUIREMENTS 

- ARTICULATED VANES: 40" I e 1. 105O 
- YAW VANES: f16" 



MECHANICAL RTA 
LIFT/CRUISE UNIT DESIGN GUIDELINES 

o INTERNAL GEOMETRY 
- MAX INTERNAL WALL ANGLE ( 0  .: 7 O  @ .5 LD 
- INLET LIP THICKNESS RYAHL) = . l o  
- INLET LIP CONTOUR = 2: 1 ELLIPSE 
- LIP LEADING EDGE RADIUS (RLIP) = -05 RHL 
- INTERNAL DUCT CONTOUR = CUBIC CONTOUR 

o EXTERNAL GEOMETRY 

- COWL THICKNESS RATIO (RH = .85 
- COUL FINENESS WTIO [LC/ R H ~ ) ]  = 6.0 
- COblL COiiTOUR = DAC-3 SHAPE 

o INLET AREAS 
- THROAT = 16.63 FTZ 
- HIGHLIGHT = 20.79 FT2 



WDC A4551 
Volume X 

GAS GENERATOR TOP INLET DESIGN CRITERIA 

(SEMI-FLUSH INLET DESIGN FOR THIRD ENGINE) 

o INTERNAL GEOMETRY 

- CONTRACTION RATIO (RHLI RTH) ' = 2.0 
- INLET LIP CONTOUR = 2:l ELLIPSE 
- ENGINE FACE DIAMETER (DE) = 18.4 I n .  
- DIFFUSER WALL ANGLE ( 2 0 1 q f i ~ )  = 7"  
- DUCT INSIDE TURN RADIUS (Ra) = 27 in. 
- TURN CONTRACTION RATIO (RSTA 15/~E} = 1.18 

o EXTERNAL GEOMETRY 

- L I P  LEADING CONTOUR (RLE) 
- COWL CONTOUR 

= b2/a 
= DAC-3 SHAPE 

o INLET AFEAS 

- AHL = 332 in 2 

- ATH = 166 i n 2  

TANGENT -\ --EXTERNAL ML 

MCDONNELL AIRCRAFT COMPANY 
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MDC A4551 
Volume I 

LITT/CRUTSE PAN CRUISE NOZZLE AREAS 
PD370-25A MECIWXCAL FAN RTA 

STANDARD DAY 

MCOONIPIELL AIRCRAFT COMPANY 
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L/C NOZZLE SIZING ClIAMCTGRXSTICS 
PD370-25A PECHANICAL FAN SYSTEM 

ANOzVTO = VTO NOZZLE EXIT AREA = 5369 in 2 

AfiozCRUISE = CRUISE NOZZLE EXIT AREA = 2200 in 
2 

LT = 65.25 in. 

MCDONNELL AIRCRAFT COMFANV 
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MECHANICAL RTA PROPULSION SYSTEM 

LIFT/CRUISE UNIT 

UNINSTALLED DESIGN CHARACTERISTICS 
S.L.S., 59°F 
INTERMEDIATE 

COKPRESSOR PRESSURE RATIO 12.3 
OVERALL PRESSURE RATIO 14.8 n 
BYPASS RATIO I 

N - PRIMARY AIRFLON, LB/SEC 
BURNEROUT TEMPERATURE, O F  

FREE TURBINE INLET TEMP, O F  

FAN INLET AIRFLON, LB/SEC 
HP REQUIRED PER FAN, HP 
COLD STREAM THRUST, LB 
PRIMARY THRUST, LB . - .  
TOTAL THRUST, LB 
TOTAL SFC, LB/HR-LB 
WEIGHT, ( L / C  UNIT), LB 
TIiRUST/WEIGHT (L/C UNIT)  



XT701 TURBOSHAFT ENGIIIE 

. - 7 

UNINSTALL ED ENGIHE CHARACTERISTICS 
S.L.S., 59°F 
INTERMEDIATE 

% NGG, % RPM 
CPR 

WAGG, LB/SEC 
TIT, O R  
EGT; O R  

SHP 
Wms, LB/SEC 
WF, LB/HR 
WEIGHT, LB 



INSTALLED DESIGN CHARACTERISTICS 
S.L.S., 90°F 

INTERMEDIATE DRY 

FAN D I A . ,  IN. 
MFAN, % RPM 
VTIP I FT/SEC 
WFAN, LB/SEC 
WEIGHT, NOSE FAN, LB 
FAN THRUST, LB 
THRUST/WEIGHT 
A B  FAN, DEGREES 
HP REQ'D 

MECHANICAL RTA 

NOSE FAN UNIT 


