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INTRODUCTION 

Turbotip and mechanical r e s e a r c h  flight v e h i c l e s  to demonst ra te  the 

l i E t / c r u i s e  fan concept f o r  the NASA and Navy are de f ined  in Report MDC 

A4551, Volume I. This  r e p o r t  i s  f o r  o f f i c i a l  Government use  on ly  and 

p r e s e n t s  the a i rcraf t  development program, budgetary estimates i n  CY 1 9 7 6  

dollars, and cost r educ t ion  program variants. Derai led  c o s t  ma t r i ce s  are 

a l s o  provided f o r  t h e  mechanical  t r ansmis s ion  system, turbotip transmission 

sysccm, and the thrust vector hoods and yaw doors .  
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D C  A4551 
VOLUME IEL 

1. ElISEABCIi -- TECHNOLOGY AIRCRkFT DEVELOPMENT TEST PROGRAM 

1.1 GENERAL UESCRIPTIOI 

The  ground and f l i g h t  test development programs d e s c r i b e d  b r i e f l y  i n  t h e  

fo l lowing  paragraphs arc t h o s e  r e q u i r e d  t o  develop and e v a l u a t e  t h e  s c l c c t ' ~ d  

Research Technology A i r c r a f t  i n  the  powered l i f t  mode through conve ra i r a .  F u l l  

advantage w i l l  be  talcen 01 t h e  e x t e n s i v e  development work K A I R  has accomplished 

i n  t h e  p a s t  s e v e r a l  years,  bo th  independent ly  and under con'ract co NASA, t o  

reduce the c o s t  of the  r e s t  program. Th i s  work, which is  a  c o ~ ~ t i n u i n g  e f f o r t ,  

i n c l u d e s  wind tunnel  t e s t s  of similar des igns  and developnient tests of  ETaC 

systems, h o t  gas duc t ing ,  t h r u s t  v e c t o r i n g  d e v i c e s ,  and V/STOL a i r c r a f t  c o n t r o l  

sys  terns. 

I n  o r d e r  t o  establish t h e  development program requ i r emen t s ,  t h e  fo l lowing  

assumptions have been made: 

o  The engines and f a n s  w i l l  have been f u l l y  developed b e f o r e  start of the 

program. 

o The MCAIK tes t  program w i l l  be l i m i t e d  t o  a  cu r so ry  e x p l o r a t i o n  of only  

the powered Xiit w ~ 3 e  through convers ion  (200 knots  maximum). 

o  No performance guarantees a r e  t o  be made. 

o  Ins t rumen ta t ioa  w i l l  b e  NASA f u r n i s h e d ,  and c o n s i s t  of 100 channel  PCM 

t a p e  system including s i g n a l  c o n d i t i o n e r s .  Eighty  measurands w i l l  be 

t h e  maximum t o  be used .  No p ropu l s ion  sys tem i n l e t  o r  exi t  Instrumenta-  

t i o n  w i l l  be innciuded. 

o  A three-degree-uf-freedom VTOL r e s t  s t a n d  w i l l  be a v a i l a b l e  GFE a t  the  

remote t e s t  s i te .  

o  One instrumented : ~ r c r a ~ t  w i l l  b e  u t i l i z e d  i n  t h e  test program. The 

second a i r c r a f t  c i i t ~ s t r u c t c d  will be used f o r  progrant backup o n l y  and 

will n c t  be inst~:umr..ntec!. 

o  All. wind tunne l  modtil fabr ica t ion  and t e s t i n g  will be  accomplished by 

NASA w i t h  MCAIR d e s i g n  an6 technical .  suppor t .  

It is  a n t i c i p a t e d  t h a r  t h e  ground t e s t  program f o r  e i t h e r  t h e  gas o r  

mechanical  i n t e rconnec ted  a i r c r a f t  c o n f i g u r a t i o n  w i l l  be o f  t h e  same scope wi th  

only  the d e t a i l s  a f  p r o p u l s i m  system t e s t i n g  d i f f e r i n g .  There are no major 

differences i n  t h e  f l i g h t  t ~ s t  program r e q u i r e d  f o r  eva lua t io t l  of e i t h e r  design. 

The proposed development pr0g-rn.r s c h e d o l e ,  F igu re  1, r e p r e s e n t s  a compressed 

schedule  o f  27 months to f i r s t  flight t o  a s s u r e  a low c o s t  program. 
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D i f f e rences  between t h e  t e s t  programs for  t h e  gas and mechanical  des igns  

are i d e n t i f i e d  i n  t!re fo l lowing  d i s c u s s i o n .  

1 . 2  WIND TUNNEL TESTS 

Maximum u t i l i z a t i o n  w i l l  be made o f  d a t a  f rom the Large  Sca le  L i f t / C r u i s e  

Fan Powered Model tests i n  t h e  NASA Ames 40- by 80-Foot Wind Tunnel as w e l l  as 

p rev ious  MCATR tests o f  des igns  s i m i l a r  t o  t h e  Research Technology A i r c r a f t  . 
I n  a d d i t i o n ,  a minimum amount of new low and h igh  speed  tests w i l l  be r e q u i r e d .  

The low speed r e s t s  w i l l  be conducted i n  NASA low speed wind t u n n e l s  using a 

10% s c a l e  powered model and an updated v e r s i o n  o f  t h e  Large Sca le  Powered Model. 

The h i g h  speed t e s t s  w i l l  be conducted i n  a NASA wind t u n n e l  a t  h igh  subson ic  

speeds us ing  a 4% t o  5% s c a l e  model. The g e n e r a l  o b j e c t i v e s  of t h e  wind tunne l  

programs will be to o b t a i n  d a t a  on low and high speed aerodynamic f o r c e s  and 

moments, c o n t r o l  powers, propulsion-aerodynamic i n t e r a c t i o n  e f f e c t s ,  ground 

e f f e c t s ,  f low field e f f e c t s  on f o r c e s ,  moments, and p r o p u l s i o n  system r e c i r c u -  

lation. During t h e  f low f i e l d  t e s t s  the e f f e c t s  of (a) power s e t t i n g ,  (b)  air- 

c r a f t  he igh t ,  a t t i t u d e ,  and c o n t r o l  c p p l i c a t i o n ,  and ( c )  forward ,  a f t ,  and 

crosswinds  w i l l  be  i n v e s t i g a t e d .  
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1 . 3  TURBOTIP PROPULSION SYSTEM GROUND TESTS 

A s  i n  the  case of aerodynamic wind tunne l  t e s t s ,  maximum use will b e  tnade 

of data  obta ined from var ious  t e s t s  wl~ich have been at-;omplished both  under 

contracc  and independently.  In addition, a l imi ted  amount of supplementary 

subscale  and f u l l  s ca l e  t c s r s  w i l l  be r equ i red .  The planned subsystem and 

system i n t e g r a t i o n  t e s t s  are described b r i e f l y  i n  the  following paragraphs. 

1.3 .1  IIUCTING - Subscale cold tests o f  t h e  duct: system w i l l  b e  conducted f o r  

eva lua t ion  of the system's i n t e r n a l  aerodynamics. These  t es t s  will b e  followed 

by subscale  hot  t e s t s  of c r i t i c a l  por t ions  of the  system t o  prove I t s  thermo- 

s t r u c t u r a l  design.  A scileduie f o r  des i  en, f a b r i c a t i o n ,  and development t e s t i n g  

of t h i s  s u b s y s t e m  is presented i n  Figure  2 .  

1 .3.2 VALVES - Subscale cold t e s t s  o f  t h e  Energy Trans fe r  and Control  (ETaC) , 
s h u t o f f ,  and isolation va lves  w i l l  b s  conducted i n  conjunction wi th  t h e  duc t ing  

t e s t s .  Full s c a l e  hot  tests o f  these  va lves  w i l l  be done i n  conjunction wi th  

the  complete system i n t e g r a t i o n  t e s t s .  

1.3.3 TII!LUST VECTORIWG DEVICES - Subscale model t e s t s  of rho liEt/cruise 

vectaring nozzle  will be cnnducted on a EiCAIR nozzle  t h r u s t  s tand t o  supplement 

36-inch fan t e s t s  done under c o n t r a c t  t o  NASA Ames. Nose l i f t  fan  thrust: 

vector ing louver  systems will a l s o  be t e s t e d  subscale  i n  the MCAIR f a c i l i t y .  

A schedule for the design,  f a b r i c a t i o n ,  and t e s r i n g  o f  tliese devices is pre- 

sented i n  Figure 3 .  

1.3.4 lNLETS - Subscale p a r t i a l  models of f a n  and gas genera to r  i n l e t s  w i l l  

be t e s t e d  s t a t i c a l l y  and a t  forward speed  cond i t ions  to  evaluate t h e i r  per- 

formance. I n t e r n a l  flow w i l l  be provided by suc t ion ,  scaled model f ans ,  o r  

engine s i n u l a t o r s .  

1.3.5 SYSTEM INTEGRATION TESTS - Fans w i l l  be t h e  pacing i tem i n  a v a i l a b i l i t y  

O F  the  gas  in terconnected propuls ion sys tcm, Therafore, the  i n t e g r a t i o n  t e s t s  

w i l l  s t a r t  with J97  gas genera to r s ,  ETaC v a l v e s ,  d u c t s ,  and f ixed  nozzles  t o  

4imulate the Sans installed i n  a propuls ion system test r i g .  A second s e r i e s  

f development r e s t s  w i l l  b e  run on the t e s t  r i g  with a complete a i r c r a f t  pro- 

pulsion system inc luding t h e  fans ,  t h r u s t  vec to r ing  devices ,  and the  f l i g h t  

con t ro l  i n t e r f a c e ,  Operation and performance of each component as i t  func t ions  

i n  the o v e r a l l  system w i l l  be evaluated.  The f i n a l  propuls ion system in tegra -  

t i o n  t e s t s  w i l l  be accomplished on the  comple t e  f i r s t  a i r p l a n e  during the ramp 

tests p r i o r  t o  f i r s t  flight. 
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FIGURE 3 
THRUST VECTORING WOOD DEVELOPMENT SCHEDULE 
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1.4 MICCLiAN l CAL PRIII'ULSLON SYSTEM L;!IOUND TIiSTS 
-.A 

The p l  led subuyarern and system i n t e g r a t i o n  t e s t s  f o r  the mechanical 

propuls ion svsrem are  descr ibed i n  t h e  following paragraphs,  

1.4.1 TRANSMISSION SYSTI?,, - D~r?velopment of the s h a f t i n g ,  c l u t c h e s ,  gearboxes 

rind t h e i r  lube  sys tem w i l l  bc accomplished by t h e  selected vendor. Component 

development t e s t s  of each i tem w i l l  be conducted separately fullowed by sysrcm 

e v a l u a t i o n  using back-to-back r e s t  s e t u p s ,  These system t e s t s  w i l l  be con- 

cluded by endurance and Pre l iminary  F l i g h t  Katlng Tcs t s  p r i o r  t o  d e l i v e r y  t o  

MCAIR. A schedule f o r  a t y p i c a l  system development which h a s  been coordinated 

wi th  a prospect ive  vcndo; i s  presented i n  Figure 4.  

1. :).2 INLETS AND THRUST VGCTOKING DEVICES - The development of  these  components 

f o r  the mcclianically in terconnected sysrcm w i l l  be done i n  essential ly t h e  same 

manner as f o r  the  gas coupled system. Design d e t a i l s  would, of  course ,  d i f f e r  

but  t h e  procedures and schedules f o r  f a b r i c a t i o n  and t e s t i n g  would be t h e  aamc 

as shown in F i g u r e  3 .  

1 . 4 , 3  SYSTEPI INTEGRATION TESTS - A l l  proprtls ion system components f o r  t h i s  

canf igura t ion  w i l l  become a v a i l a b l e  a t  t h e  same rime. Therefore ,  the  initial 

i c t e g r a t i o n  tests w i l l  be run with a complete system. This setup w i l l  include 

f a m  and engi.nes, shaf t s  , c l u t c h e s ,  gearboxes, rh rus t  vec to r in& devices, and 

the f l i g h t  concr~!. i n t e r f a c e .  The f i n a l  I n t e g r a t i o n  t e s t  will be conducted on 

&he f i r s t  a i rp lane  dur ing the  final.  ramp tic-down t e s t s  p r i o r  t o  f i r s t  f l i g h t .  

1 . 5  FLIGHT CONPSOL SYSTEM GROUND TESTS 

Ground t e s t s  of the  f l i g h t  c o n t r o l  system w i l l  consist :  of p a r t i a l  and 

t o t a l  bystem development t e s t s  and t o t a l  system i n t e g r a t i o n  t~ s t s .  

1 .5 .1  PARTIAL SYSTEK INTEGRATION TESTS - P a r t i a l  system i n t e g r a t i o n  tests will 

be accomplished early i n  t h e  program t o  check t h e  s t a b i l i t y  and response char- 

a c t e r i s t i c s  of some of the  b a s i c  control loops. These c o n t r o l  Loops w i l l  be  

made up of ind iv idua l  components using Eixkd and moving base s imula to r s  with 

var ious  degrees of a c t u a l  hardware t i e - i n ,  

1.5.2 TOTAL SYSTEM INTEGRATION TESTS - These t e s t s  will be conducted on t h e  

first completed a i rcraf t  and i n  conjunction w i t h  proof t e s t i n g .  Overall system 

s t a b i l i t y  and performance under load  w i l l  be evaluated. Closed l o o p  system 

integration tests will be accomplished i n  conjunction w i r h  p r e f l i g h r  ramp tie- 

dorm t e s t s  w i t h  the  propulsion system funct ioning.  These tests are used .In 

place of the usual  "iron b i r d "  t e s t s  wirh simulated propuls ion system ixlputs. 

During t h e s e  t e s t s ,  a i r c r a f t  motion w i l l  be computed and p i l o t  displays driven 
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F GURE '4 
$CHANI CAL fAN PROPULSION SYSTEM DEVELOPMENT SCHEDULE - 
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by t h e  vendor. 

1.5.4 ACCEPTANCE TESTS - GFE components t h a t  are not  received immediately 

after vendor acceptance t e s t s  will require minimum f u n c t i o n a l  rests to  a s s u r e  

- 
A- 

, 

7 

, , 

_ . -  

, _  

the integrity of the u r d r .  

1.5.5 FUNCTIONAL TZSTS - Although t h e  RTA w i l l .  incorpora te  a high percentage 
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of deveLoprd wmponent's and subsystems, a l i m i t e d  number of tests a r e  required 

to assure proper func t ion ing  oE these items as i n s t a l l e d .  The tests, wl~ich 

will be performed as part of t h e  p r e f l i g h t  ground r e s t  program, will cover the  

f u e l  system, hydraul ic  system, electrical system, avionics, l and ing  gear, and 

environmental control system. 

1.5.6 PHYSICAL TESTS - These w i l l  c o n s i s t  p r i n c i p a l l y  of t e s t s  of c r i t i c a l  

elements, and proof loading on the f i r s t  f l i g h t  a r t i c l e  of aerodynamic con t ra1  

MCDONNELL AIRCRAFT COMPANY 
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~ u r l u c c u  , L nglna nnd I'un nioual-s , and t l l rus t  vccturLilg dcvlcca. 

1.5.7 V - r ! c & E E 1 ' '  - V l l ) r i l t i l > ~ ~  t c w t ~  wlll bi. performr*rl o~ p a r t  O F  ttla 

ground t c ~ ~  program. C r i t i c u l  modes w i l l  b e  inves t iga ted  using conventional 

ground v ib ra t ion  t e s t  techniques. A simp lc " s o f t  t i r e "  suspension arrangernfnt 

w i l l  bk U E G ~  t o  minimize t e s t  se tup c o s t s .  

1.5.8 1'REFLIGIIT TIE-DOWN TEST PROGRAM - During t h e  normal ramp checkout of  the 

f i rs t  cl i rpldne a f t e r  complet ion of ast'embly, a thorough tes t  of t he  propulslon 

and c o n t r o l  sys tem w i l l  b e  performed with  t h e  a i r p l a n e  t i e d  down. S a t i s f a c t o r y  

uperat ion of  the  gas genera to rs ,  in te rccnnec t  system, l i f t  fans ,  t h r u s t  vector-  

ing devices, and rhe ACS w i l l  b e  v e r i f i e d .  The c losed loop system i n t e g r a t i o n  

t e s t s  mentioned i n  s e v e r t i  p r i o r  paragraphs are t h e  final por t ion  of these 

t e s t s .  

1 . 6  PLIGHT TEST PROGRAM 

The MCALR f l i g h t  t e s t  program w i l l  be l imi ted  t o  n cursory examination of 

the powered l f  E t  mode through conversion,  and w i l l  be conducted with one i n s t r u -  

mented a i r c r a f t  i n  approximately 45 f l i g h t  hours over a period of 6 months. A 

schedule f o r  t h i s  program i s  given i n  Figure 5 .  Customer p a r t i c i p a t i o n  i s  

9 ~ a n n e d  on a conzinuing b a s i s  throughout the  program. 

After  cornp1e~:ion of  the  p r e f l i g h t  tie-down t e s t s ,  the f i r s t  a i r p l a n e  w i l l  

be  t ranspor ted t o  t.he remote t e s t  f a c i l i t y .  Then, following completion of the  

normal ramp p r e f l i g h t  checkout, the  a i r c r a f t  w i l l  b e  flown f i r s t  i n  the  CTOL 

mode t o  a maximum of  200 knots I A S  and 25,000 f t  a l t i t u d e .  In  add i t ion  eo 

assur ing  t h a t  the  a i r c r a f t  is opera t iona l ly  s a f e ,  these  flights will provide 

some flight operat ing experience with t h e  f an  propuls ion system before  s tar t  

of the  powered l i f e  mode t e s t i n g .  

Following these CTOL f l i g h t s  the a i r p l a n e  w i l l  be i n s t a l l e d  on a simple 

three-degree-of-freedom VTOL test s tand  f o r  an i n i t i a l  loolc at: the hovering 

mode handling c h a r a c t e r i s t i c s .  Upon s a t i s f a c t o r y  completion o f  these t e s t s ,  

the  remainder of the  program w i l l  be conducted s t a r t i n g  wi th  t h e  f r e e - f l i g h t  

i n v e s t i g a t i o n  of t h e  powered lift mode i n  calm wind hover. Trans la t ing  f l i g h t  

w i l l  then be evaluated,  bu i ld ing  up t o  the  speeds  required f o r  conversion. The 

program will then Le concluded w i t h  t h e  f i r s t  f u l l  conversion from the  powered 

lift mode t o  t h e  convent ionr l  f l i g h t  mode and r e t u r n .  

The following areas w i l l  be evaluated during the f l i g h t  t e s t  program: 

o Ai rc ra f t  Performance w i l l  be inves t iga ted  dur ing v e r t i c a l  t akeof f ,  

hover, t r a n s i t i o n  t o  and from conventional f l i g h t ,  and landing.  

lWCDONAlELL AIRCRAFT COMPANY 

7 



MDC A4551 
VOLUME I IZ  

FIGURE 5 
TECHNOLOGY AIRCRAFT 
FLIGHT TEST PROGRAM 

Spec i f i c  a t t e n t i o n  wiil be give; t o  e v a l u a t i n g  t h e  expected high 

induced l i f t  c h a r a c t e r i s t i c s  for ver t ica l  and very s h o r t  takeoff 

distances.  

o S t a b i l i t y  and C o n s  as provideL by the AC,; . i ~ i l L  be evaluated a t  

s e l e c t e d  a i r s p e e d s ,  a l t i t u d i ? ~ ,  gi.15,. . tqr; i.gttts, and cg 's  i n  both t h e  

powered Ii  E t and convcnt ionnl  litodes t c  d ~ .  t ,.rrri&rr : handl ing  q u a l i t i e s  

a t  s e v e r a l  fusela _ p i t c h  a t t i t u d e  t ingles  and angles  of a t t a c k ;  and 

l o n g i t u d i n a l ,  lateral, and directional s t a b i l i t y .  The ACS i n t e g r a t i o n  

w i t h  the  p ropu l s ion  c o n t r o l  sys tem will b e  i n v e s t i g a t e d .  Adequacy of 

the  a u t o p i l o t  f u n c t i o n s  of t h e  ACS w i l l  be checked, 

o Propuls ion  System Performance w i l l  b e  e v a l u a t e d  with regard  t o  adequacy 

of gas  generator, 2an, and duct/valve o r  s h a f t / g e a r b o x / c l u t c h  i n s t a l l a -  

t i o n ;  gas g e n e r a t o r  and fan o p e r a t i o n  including one-gas-genei-ator-out 

cond i t ions  ; and f u e l  sys tern operation. 

This 45 hour f l i g h t  test  program is c o n s i s t e n t  with a low cost  approach;  

however, i t  i s  recommended t h a t  t h e  210 hour f l i g h t  Lest program d i scussed  in 

r e p o r t  MDC A3440 be used s o  t h a t  the RTA can proceed  smoothly into t h e  r e sea rch  

program. 

IMCDONWELL AIRCRAFT COMPANY 
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2. RESEARCH TECHNOLOGY ATRC1uIFT BUDGETARY ESTRUTES 

Based on the a i r c r a f t :  d e s c r i p t i o n  and d a t a  base summary presented i n  Volume I 

of t h i s  report and the development program descr ibed  i n  Sec t ion  1, budgetary 

e s t ima te s  were prepared  i n  CY 1976 dollars f o r  a two a i r c r a f t  program f o r  both 

t h e  t u r b o ~ i p  RTA and the mecl~anicnl  RTA, Figures 6 and 9 .  The estimates were 

based on an experimental  shop operation which included the  fol lowing features: 

o S p e c i f i c a t i o n  compliance not  a reql-~irement: 

o Performance goals only; not specified guarantees  

o Weight not a prime fac tor  

. o  Minimum documentation 

o Lay'out type  drawings only 

o Vendor t e s t  results accepted 

o Rigidly con t ro l l ed  in-house test program 

o Only se lect  perser~nel  assigned 

o Project: co-located wich f i n a l  assemb1.y a r e a  

o Manufacturing e ~ t a ,  . i sh  t r u e  experimental  shop 

o Program manager r e p o r t s  t o  ElGAIR p re s iden t  and has  abso lu t e  program 
a u t h o r i  t y  , 

In add i t i on ,  d e t a i l e d  cos t  ma t r i ce s  were prepared for the mechanical t ransmiss ion  

system, the  t u r b o t i p  t ransmiss ion  system and the t h r u s t  vector hoods and yaw doors ,  

These budgetary es t imates  are presented i n  F igures  8, 9 and 10 r e s p e c t i v e l y .  

FIGURE 6 
TURBOTIP RTA BUDGETARY ESTIMATE 

- 2 AIRCRAFT FROGRAY MlLlIOHS OF CY 1976 DOLLARS 

PROCUREHEIIT 

OTHER 

TOTAL - 

GROUHD TEST I 1 I 



FIGURE 7 
MECHANICAL RTA BUDGETARY ESTIMATE -- 

/ I /  ' L  L/u/Y: s 
2 AIRCRAFT PROCllVIM m S  OF CY 1976 DOLLARS 

FIGURE 8 
MECHANICAL TRANSMISS ION COST MATRIX  

2 AIRCRAFT P R O G R X  THOt'SII::DS 3F CY 19 i6  COLLARS 
DL7 P. DESIGN A CO'!7, WIT SLPPT, MCAIR 

Trrr MFG CASE - - 2 1  
. A d -  

& A t .  YEST FLIGHT TEST - TQTAL 

CO:dBI:IER GCX 

E X R  LAE3R 20 335 I01 4 229 331: 1978 
ElFG LRCOR 0 1472 2L8 0 0 2320 
!VrT't t PUflCH. i 8  cmS 0 422 273 0 0 752 
O T i i i R  -- 0 10 -- 0 --- 0 - 9 - 1 C - 
TC7I;L 20 2349 2732 229 330 5350 

SHLfi l  l lG 

E Z R  tAS3R 1 26 26 7 0 GO 

I<iG LhliOR 0 374 46 0 0 41 6 

MAT'L & PURCH. ITEMS 0 5 4 5 0 0 59 
O'iiiER - 0 - 1 -. 0 - 0 - 0 1 - 
TOTAL 1 45'3 7 5  7 0 533 

G R X : U  TOTAL 21 2C01 2207 Z?G 330 5523 

FIGURE 9 
TURBOTIP TRANSMISSION COST MATRIX 

2 AIRCRAFT PROGRAM TWG'JSANDS OF CY 1976 OOLlARS 

DATA DESIGN 8 COMP . !.:(IT 
BASE .- MFG TEST QUAL. TEST TOTAL - - 

EflGR LABOR 59 530 1 0 0  'f 50 800 

t4FG LABOR 0 500 10 200 710 

MAT'L & PURCH. ITEMS 5 50 5 20 80 

OTHER - - - F - - - 
TOTAL 5 5 1 0 5 0  115 370 15110 

MCDONIVELL CIlRCRAFT COMPANY 
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ENGR LABOR 

FIGURE 10 
THRUST VECTOR HOODS & YAW DOOR COST MATRIX 

2 A/C F?OGEA!4 TI1C';Sr:I:OS QF CY 1976 D X L A R S  

DkTn DESIGK 6 C C I 7 .  UNIT 
CASE - 1.IFG - TEST - IUAL. TEST TOTAL - 

72 6 

2945 

84 

98 - 
3854 

MCP'ONNELL AIRCRAFT C O M P A W Y  
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3 .  I'ROGRMI COST VhlZltWTS 

The t u r b o t i p  RTA anti rlle rnccl~nniral RTA darlned i n  Volume I of t h i s  repor t  

rcilect: a ~ n i n i n i u ~ t l  c o s t  ;~pproaci l  u t i l i z i n g  n l a rge  number of GFE components as  

well as an a u s t e r e  development program, h s i g n i f i c a n t  program c o s t  r e d u c t i o n  

wrluld seriouh1.y j eopnrd i ze  the r e s e a r c h  value of t h e  program o r  unacceptably 

increase the risk, 

Program cos t  r e d u c t i o n s  were i d e n t i f i e d  f o r  two approaches : (1) a o n e  

aLrcrnft program and (2) use  of a d u a l  CAS f l i g h t  c a n t r o l  system. Use of a 

one nLrc l - i~ f t  prclgrnlll coultl seriously impat-t: tllc l>roprnm i f  an a c c i d c n l  o c c u r r e d .  

Tke d u a l  CAS f l i g h t  c o n t r o l  sys tenr ,  d e s c r i b e d  in Appendix A ,  rerresents a 

reducLion Fn aircraft safety w i ~ e t e b y  a singlca f a i l u r e  c o u l d  result I n  lass of 

Lhe aircraft. Furthermore,  t h e  d u a l  CAS system does not represent. any advance- 

ment i n  F l i g h t  control t e c h n o l o g y  o r  t o ~ a l  system integration. 

Budgetary estimates were prepared f o r  each of these  v a r i a n t s  and are 

p r e s e n t e d  below. 

RTA P R O G W I  VARIANT COST EFFECTS 

CY 1976 D o l l a r s  

One Aircraf t  Frogram 

Dual CAS System 
2 A/C Program 
1 A / C  Program 

Cost o f  1 A / C  Program 
with Dual  CAS 

Turbo t i p  BTA Mechariical RTA 

-$5.58Pi -$5 .933  

MCDONNELL AIRCRAFT COMPANY 
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APPENDIX A 

ALTERNATE FLIGHT CONTROL SYSTEM 

FOR 

RTA COST REDUCTION STUDY 



1. INTRODUCTION 

The KTA flight cont ro l  system  lid^ been identified us a cundLdutc nrau l o r  

p o t e n t i a l  cosC reduc t ion  of the RTA program. A study was therefore i n i c l a t c d  

beginning  wit11  a review o f  the WA d e s i g n  goa l s  from which the major d e s i g n  

ground rules of Figure A-3. were e u t i i l l i s h c d ,  Cons ider ing  the f i rs t  two ground 

r u l e s ,  it becomes apparent  that reduced system f l e x i b i l i t y  by n a t u r e  i m p l i e s  

less flight research c a p a b i l i t y  and therefore an appropr ia te  compromise is 

needed. However, the a l lowance  of degraded performance fo l lowing  a s ing l e  

f a i l u r e  has an i d e n t i f i a b l e  c o s t  r e d u c t i o n  provided that  t h e  level  of degtada- 

r ion  remains acceptable ,  This approach resulted i n  the  d e f i n i t i o n  of  an 

alternate RTA Flight c o n t r o l  system as d e s c r i b e d  i n  t h i s  section. 

FIGURE A-1 
RTA ALTERNATE FCS 
DESIGN GROUNDRULES 

o V/STOL FLIGHT RESEARCH CAPABILITY 

o REOUCED FLEXIBILITY PERMITTED 

o NASA DESIGN GUIDELINES 
(+ AGARD R577 AND MIL-F-83300) 

o DEGRADED PERFORMANCE FOLLOWING SINGLE FAILURE 

o SAFE LANDING FOLLOWING SINGLE FAILURE 
(VERTICAL, SHORT, OR CONVENTIONAL) 

MCDONNELL AIRCRAFT COMPANY 
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2 ,  CON'l'RW, CON'3Kl3TS AN11 l{E(lUJ REMt(NSS .- "- -.--- -- - .- . - -- - 
ConLrol of t h e  rcduccd c o a t  progt.r:a !tTA is chc same in most respects as 

the Research Tcchnolsgy Aircraf t  descr+bed i n  Volume I o f  this repor t .  There- 

fo re ,  the major emphasis o f  c h i s  d e ~ c r s l - ~ i o n  is  on those a s p e c t s  i n  which 

con t ro l  o f  this RTA d i f f e r s .  Tllc c o n t r ~ . t  rapabilities t ~ v c  been determined 

and are compared t o  the minimum recommend~d t:ontrol performance of t h e  NASA 

study gu ide l ines  + 

2.1 BASIC CONTROL C O N C U P S  

Control  of t h i s  K'i'A a i r c r a f t  is  i d e n r ~ t a l  in basic  concept t o  t h a t  des- 

cribed in detail in SecLfm 5.1 of Volrlnc I. S t a b i l a t o r ,  a i l e r o n ,  and rudder 

control  surfaces provide a i r c r a f t  pitch, roil, and yaw conCrol wi th in  the 

conventional  aerodynamic flight envclape and airspeed dependent p a r t i a l  con t ro l  

within the powered l i f t  f l i g h t  envelope. 

The powered l i f t  c o n t r o l s  f o r  VTOL and STOL opera t ion  genera te  a t t i t u d e  

con t ro l  tuoanents by thrust modulation and vec to r ing  and height: c o n t r o l  by modu- 

latian of gas g e n e r a t o r  power. 

2.2 CONTROL REQUL REMENTS 

The c o n t r o l  design requirements were established t o  insure good maneuvering 

cupab i l i ty  and, a l s o ,  t o  provide suf ficlent forces and moments t o  stabilize the 

a i r c r a f t  and t o  control disturbance and cross-coupling effects, The VTOL con- 

trol power design gu ide l ines  which arc a composite of ~ l i c  maneuver c o n t r o l  power 

requirements and the  a i r c r a f t  s t a b i l i t y  requirements are i n d i c a t e d  in Figure A-2. 

The two are i n t e r r e l a t e d  i n  t h a t  t h e  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  augmcnta- 

t i o n  system, which satisfy the a i r c r a f t  s t a b i l i t y  requirements, affect the  

i n s t a l l e d  c o n t r o l  power requirements.  

M C R O N W E L L  ArRCRAF7 COMPANY 
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3 .  ANAI,Y 5 1 S U12 TUftUt)T LI' RTA US IN(; ALTERNATK YC:i -- 
Thrus t  modu1at;ion using  tfrc a l t e r n a t e  FCS d i f f e r s  from t h a t  desc r ibed  f o r  

tile base l ine  t r i p l e x ,  hybrid AFCS i n  Volumc I .  In order t o  be compu~iblc  wit!^ 

tire rc?rit~cctl r r i>st  prugr;im s i n g l e  f a i l u r e  perf'ormiincr! ~ u i 1 1 ,  a modularion tcch- 

niriue wIlich t a l c c s  advantage of  h i g h  T/W capotillty t o  minimize c a n t r o l  t i m e  

l a g s  i n  the event  of  a c o n t r o l  system f a i l u r e  i e  employed. AY shawn i n  Figure 

A - 3 ,  p i l o t  r a t i n g s  far p i t c h  and roll con t ro l  i n  huvcr  art? g e n e r a l l y  s a t i s f ac -  

tory  f o r  time lags  below 0 .2  second.  T h i s  i s  c o n s i s t e n t  with t h e  NASA concrol 

design guf d e l i n c s  f o r  dtl.;ircd c o n t r o l  response .  

3.1 TliRUST bIODULATION CONTROL 

Uccnuse of  t h e  h igh  T/W rarlo o f  t h e  RTA, i t  i s  possLblc t o  p r e s e t  Che 

Thrus t  flcductior~ Modulat ion (Tim) systcm a t  a 10Z l eve l  80 LhaC t h e  a c t u a l  

power output: cor responds  t o  a T/IJ = 1.1, whereas the e f f e c t i v e  t l ~ r u s t  c a r r e -  

spondv t u  a T/W = 1.0. Ry means of  this TRN preeer,  a t t i t u d e  c o n r r o l  may be 

accomplished by rerlucirlg t h r u s t  a t  a  f a n  by means of  TIW and i n i t i a l l y  

i n c r e a s i n g  thrust a t  a n o t h e r  f a n  by r educ ing  tile TRM p r e s e t .  T h i s  t echnique  

assures f a s t  control response fo l lowing  the l o s s  of s t a b i l i t y  augmentation 

w h i c h  would require t h e  p i l o t  t o  stabilize and c a n t r o l  t h e  a i r c r a f t  u s i n g  

apen loop  c o n t r o l .  Par c o n t r o l  i n p u t s  above t h e  10X t h r u s t  modulat ion ' cl, 

the e f f e c t i v e  time c o n s t a n t  i s  s l i g h t l y  i n c r e a s e d ,  An example of attitude 

response wi th  TRM p r e s e t  is shown i n  Figure A-4.  A s  can  be  seen i n  the f i g u r e ,  

t h e  u s e  of TRbi a t  t he  l i f t  fan serves t o  producc t h e  i n i t i a l  t h r u s t  i n c r e a s e  

and is washed ou t  e x p o n e n t i a l l y  a s  the f a n  t h r u s t ,  r e s u l t i n g  from rpm change, 

approaches  the  commanded leve l .  

3 . 2  CONTROL DURING NORMAL OPERATION 

T h e  t u r b o t i p  RTA was analyzed  t o  de termine  t h r u s t  modulat ion requi rements .  

A t t i t u d e  conrrol power r equ i r emen t s  i n  hover  were determined to  be more demand- 

i n g  of t h r u s t  modulat ion than  c o n t r o l  i n  t r a n s i t i o n  or  STOL and are i d e n t i c a l  

with t h o s e  of t h e  b a s e l i n e  t u r b o t i p  RTA. 

Available t h r u s t  modulat ion l e v e l s  a r e  d e f i n e d  by the 3 second 1600°F EGT 

t empera tu re  limit and o t h e r  p r a c t i c a l  c o n s i d e r a t i o n s .  The VTOL c o n t r o l  require- 

ments are shown superimposed on a graph of ava i lab le  c o n t r o l  power i n  F i g u r e  A-5. 

The  power s e t t i n g  f o r  an e f f e c t i v e  T/13 = 1.0  with t h e  10% TRM p r e s e t  i s  increased 

corresponding to a T/I1 = 1.1 i n  a c t u a l  power o u t p u t .  The c o n t r o l  power r e q u i r e d  

LO meet Level 1 g u i d e l i n e  c o n r r o l  cr i ter ia  i s  below the practical des ign  goa l  

of 252 modulat ion and w e l l  below t h e  temperature boundary. T h e  cornbincd a t t i t u d e  

MCDONNELL AIRCRdFt COMPANY 
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FIGURE A - 3  
EFFECT OF TIME LAG ON CONTROL I N  HOVER 

UNSTABt 1.1ZEU 

UNACi;i:I2TADLE 

PI LOT 
RATING 

UNSATISEAC'I'OI3Y 

3 " .. 

SATISFAC'POI3 Y 

FIHST ORUEf l  1 I,'tIE L.AG SEC 

RI !~ :  AGAitr.) Hi!l>r~rt  No, 511 fliirt I1 

FIGURE A-4 
CONTROL RESPONSE EXAMPLE-TRM PRESET 

LEFT FAN RIGHT FAN 

TRM 
INITIAL 

TIME - TIME - 
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FIGURE A-5 
TURBOTIP RTA 

LEVEL 1 CONTROL REQUIREMENTS 
WITH 105; TRM B I A S  

requirement,  height c o n t r o l  with 50% a t t i t u d e  c o n t r o l ,  and the T/W = 1.05 

e f f e c t i v e  sus t a ined  t h r u s t  c a p a b i l i t y  are a l l  below the  in termedia te  power 

rat ing.  

Compliance with Level. 1. guide l ine  c o n t r o l  criteria based upon 25% t h r u s t  

modulation For p i t c h  and r o l l  a t t i t u d e  c o n t r o l ;  and, 4" and 8" t h r u s t  def lec-  

t ion  angles f o r  yaw c o n t r o l  a t  the  l F f t  f an  and l F f t / c r u i s e  Isns, r e s p e c t i v e l y ,  

a r c  i d e n t i c a l  to the  b a s e l i n e  RTA. 

3 . 3  CONTROL POWER CAPABILITY FOR E S E U C H  

The excess c o n t r o l  margins f o r  f u t u r e  research i n  t h e  area of c o n t r o l  

power requirements arc lower f o r  t h e  low cos t  a l t e r n a r c  FCS than f o r  t h e  

base l ine  descr ibed i n  Volume I. The shift i n  o p e r a t i n g  point:  to  a h i r h c r  

power setting, a s  required by the  use  of  the 102 TIIM b i a s ,  and t h e  convergent 

nature of t h e  a v a i l a b l e  l i f t  and the  3 second 1600nF a v a i l a b l e  t h r u s t  modula- 

t i a n  curvt?s r e s u l t  i n  a 20% reduct ion i n  the  maximum excess c o n t r o l  power a s  

defined by t h e  temperature boundary. The remaining excess margins, however, 
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s t i l l  provide adrquatc rc:icarch caprhility. T h i s  c o n t r o l  margin r educ t ion  

i ~ p p l i c s  t o  r o l l  and p i t c l l  attitude cui l t ro l  only as thc~  yaw a t t i t u d e  c o n t r o l  

is obtained by thruti  t vccror ing which remains unchanged, 

3 , 4  COWTKI)I. V E T I ~  om ENGINE OUT -- 
Under ~ b e  s i n g l e  fa i lure  i~crformnce guideline, tlic control power capa- 

b i l i t i e s  of this RTA arc Fden t i ca l  t o  t h e  one engine ou t  c a p a b i l i t i e s  of tl te 

boaelinr RTA. The 10% TRbt preset used t o  provide adequate c o n t r o l  response 

in t he  event; oE a c o n t r o l  sys tem f a i l u r e  can be removed, n l t l ~ o u g h  the Level 2 

T/W = 1 .03  effective sustdined t h r u s t  power l e v e l  is approximately intermediate 

power with the TRM p r e u c t .  
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Thc control rtlr~ccpt for ~ t l i . 3  Mr?ct~unical KT:. i t l  idcntLc , i l  to thut of t h e  

basclirla Mechanical IiTA d e s c r i b e d  i n  Volume 1 of this report, The thrust: 

modulation requirements to acilicvc compliance w i c i l  the control design guide- 

lines arc unchanged. As discusved i n  Section 5.3 of Volunw I, the  engine 

company data prr~vided for c h i s  s t u d y  was s u f f i c i e n t  ra determine ax-nilable 

conrroL margins w i t h  r e spec t  to the R T A 1 s  operational gross weights at constant 

maximum pcrndssiblc f a n  RPM o n l y ,  T h e  a v a i l a b l e  fan thrust: margin for a t t i t u d e  

control at VTOGW T/W .- 1.0 is nearly twice the guideline requirement providing 

that z reduction a £  s t a l l  margin is p e r m i t t e d ,  
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The b a s i c  a i r c r a f t  conf igura t ions  of the  t u r b o t i p  and mechanical ve r s ions  

of  the reduced cost program HTA and t h e i r  respect ive c o n t r o l  concepts a r e  very 

s i m i l a r .  Only the  methods ol t h r u s t  moduLntion f o r  a i r c r a f t  a t t i t u d e  and liciglltr 

c o n t r o l ,  stcnuning from the means of energy d i s t r i b u t i o n  ?,nd t ransfer ,  arc d i f -  

f e r e n t  between the two systems. T h i s  a l l o w s  a common d e f i n i t i o n  of t he  f l i g h t  

contro?  system o u t s i d e  of the spec i f ic  cIlrust modulation techniques.  

5.1 CONTROL SYSTEM FUNCTIONAL REQUIREMENTS 

The c o n t r o l  system f u n c t i o n a l  requirements of the reduced cost program RTA 

are i d e n t i c a l  under normal opera t ion  t o  the  b a s e l i n e  system descr ibed i n  Section 

5.4 of Vc lume I ,  The major d i f f e r e n c e  between t h e  two control  sysr Lrn requiru-  

ments is based upon the  reduced c o s t  program performance and r e l i a b i l i t y  goals 

whish permiL an i n - f l i g h t  degradation o: handl ing q u a l i t i e s  following a single 

ntajor c o n t r o l  system f a i l u r e .  

5 .2  ALTERNATE FLIGHT CONTROL SYSTEM DESCRIPTION 

The a l t e r n a t e  reduced cost program ElFght control system i s  i l l u s t r a t e d  i n  

Figure  A-6. Thc c o n t r o l  laws f o r  the a l t e r n a t e  FCS are very s i m i l a r  i n  concept 

t o  thosc  f o r  t h e  b a s e l i n e  system. Only the implementation i s  d i f f e r e n t .  The 

stability and augmentation conrrol laws a r e  programmed i n  dual  CAS computers. 

The aerodynamic control sur faces  a r e  connected t o  p i l o t  con t ro l  i n p u t s  by d i r e c t  

mecllanical l i n k s  and GAS i n p u t s  are made v ia  dua l  h igh-author i ty  i n t e g r a t e d  

s e r i e s  se rvos .  The  powered l i f t  c o n r r c l s  us& a quadruplcx d i r e c t  e l e c t r i c a l  

l i n k  (DEL) f o r  h i ~ h  reliability. F r ~ e  play, f r i c t i o n ,  control r o u t i n g  and 

assoc ia ted  design problems o f  mechanical powered-Lift c o n t r o l s  a r e  thereby 

e l iminated.  Tlie s i gna l s  from the CAS computer a r e  cornparisan monitored and 

then summed w i t h  the DEL s i g n a l s .  

The Cwo GAS computers are cross-channel monitored f o r  failure d e t e c t i o n .  

The f a i l u r e  of a motion sensor ,  computer, o r  servo r e s u l t s  i n  t h e  disengagement 

of the s t a b i l i t y  augmentation of t h e  a f f e c t e d  ax i s  and the  pilot then controls 

the a i r c r a f t  i n  an open l o a p  fashion by means of  mechanical l i n k s  t o  the  asso- 

c i a t e d  acrodynamrc con t ro l  s u r f a c e s ,  and unaugmented DEL inputs t a  the  powered 

l i f t  a c t u a t o r s .  
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5 .  3 AI.TI:IWATE FLIGHT CUN'i'ItUL SYSTEM i:VAI,UATiON AND REC0PWI:NIlATLONS --.- 

The d u a l  GAS f l i g h t  c o n t r o l  system concept  is p r e d i c a t e d  on the assumprion 

t h a t  a c c e p t a b l e  l ~ a n d l i n g  qualities arc  r e t a i n e d  fo l lowing  a f a i l u r e  of the sta- 

b i l i t y  aug~ncn ta t i an  system. I L  is only  Lecausc of the I ~ T A ' S  s i n g l e  f a i l u r e  

pcr farmancr  g o a l s ,  which pe rmi t  d e g r a d a t i o n  of hand l ing  q u a l i t i e s  fo l l owing  

such  a f a i l u r e ,  t h a t  t h e  In-.:light loss of s t a b i l i t y  augmcntct ion could be  

cons ide red  pe rmis s ib l e .  The re fo re ,  t h e  e f f e c t  a f  t h e  l o s s  of s t a b i l i t y  aug- 

n l e n t a t i ~ ~ n  on h a n d l i n e  q l ~ n l i t i c s  h i i ~  bee11 ~ 1 x t ~ ~ n s i v e l y  i n v e s t i g a t e d  i n  the  g e n e r a l  

e v a l u a t i o n  of t h e  soundness of this: f l i g h t  control .  sys tem concept .  

The inherent aerodynamic s t a b i l i t y  of  a V/STOL a i r c r a f t  decreases w i t h  

r e d u c t i o n  i n  a i r s p e e d  approaching  hover such  that an i n - f l i g h t  l o s s  of p i t c h  

o r  r o l l  s t a b i l i t y  augmentat ion r e s u l t s  i n  low f requencey  d i v e r g e n t  o s c i l l a t o r y  

p i t c h  o r  roll modes which do no r  meet :,eve1 2 d e s i g n  g u i d e l i n e s  as shown i n  

F igu re  A - 7 .  Recent RTA f l i g h t  s i m u l a t i o n  tests conducted by MCAZR on t h e  FSAA 

under c o n t r a c t  t o  h'ASA/Navy reinforce t h e  VTOL requirement: for a t t i t u d e  s t a b i l i -  

z a t i o n .  The r e s u l t s  o f  s t a b i l i t y  augmenta t ion  f a i l u r e  rests du r ing  this simu- 

l a t i o n  program, as r e p o r t e d  i n  r e p o r t  MDC Alt439,  a r e  summarized i n  F igu re  A-8. 

Conclusions based on t h e s e  r e s u l t s  p o i n t  s t r o n g l y  t o  t h e  f ac t  :ha t  l o s s  of 

r o l l  ax i s  s L a b i l i t y  augmentat ion d u r i n g  h o v e r ,  o r  p i t c h  ax i s  s t a b i l i t y  aug- 

men ta t i on  l u r i n g  t r a n s i t i o n  and conve r s ion ,  i s  p a r t i c u l a r l y  c r i t i c a l .  These 

f a i l u r e s  r e s u l r  i n  c o n t r o l  c h a r a c t e r i . s t i r s  whlch a r e  unaccep tab l e  and d i c t a t e  

~nandatory  imprcrvernenr for s a f e t y  of f l i g h t .  T h e r e f o r e ,  trhe reduced cost program 

d u a l  CAS f l i g h t  c o n t r o l  sys tem concep t ,  under  which s i n g l e  c o n t r o l  system 

f a i l u r e s  l e a d i n g  t o  l o s s  c f  -011 o r  p i t c h  s t a b i l i t y  augmentat ion are p o s s i b l e ,  

falls s h o r t  of t h e  d e s i r e d  f a i l  s a f e  performance and is n o t  recommended. 

The most d i r e c t  approach  t o  a c n i e v r  the d e s i r e d  f a i l  s a f e  performance 

l e v e l  i s  through t h e  a d d i t i o n  of a t h i r d  c o n t r o l  channel .  This  very s i g n i f i c a n t  

conc lus ion  s u b s t a n t i a t e s  McAIR'~ recommendation of a t r i p l e x  control-by-wirc 

f l i g h t  c o n t r o l  sys tem f o r  t h e  RTA as d e s c r i b e d  i n  Volume I. 
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