
JAN t; :976 

NASA CR-137750 

(14ASA-CF-7 37750) DESfr;N PEFINITION STUDY OF N76-18102 
A L I F T / C B U I S E  FAN TECHNOLOGY V/STOL 
AIRPLANE: ADDENDUM Final Report (Boeing 
Commercial Airplane C c . ,  S e a t t l e )  3 1 2  p HC U ~ ~ c l a s  

' $ 9 . 7 5  CSCL O t C  G3/05 09629 

DESIGN DEFINITION STUDY OF A LIFT/CRUISE FAN 
TECHNOLOGY V/STOL AIRPLANE- ADDENDUM 

J, M. Zabinsky 
H. C. Higgins 

1 

Addendum Report 
Augurt 15,1975 

Prepared under cosrtract NASZ-6563 

Boeing Commercial Airplane Company 
P.O. Box 3707 

Seattle, Washington 98124 

for 
Ames Research Center 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 



[ NASA CR 137750 - 
1 4 T~t tu  ,111d S~I I I I I~ IP  

DESIGN DEFINITION STUDY OF A LIFT/CRUISE August 15, 1975 I FAN TECHNOLOGY V/STOL AIRPLANE - ADDENDUM REPORT .,.,I.. . . .  , I I  Ill..,. I! . ' .  L I* 

I J. M. Zabinsky, H. C. Higg ins  1 06-42647 

I s e a t t i e ,  Kashington ' 

1 

, 
9 Perlo r ~ n g  O q a n ~ l i ~ i l a ~ i  N,~nlo ~ 1 1 ~ 1  Aslrlrrsr 

NASA-Ames Research Center 1 Moffeft f i e l d ,  C a l i f o r n i a  

I f )  ;.,rrL I i r , , f  ', . 

I 
16. Supplcmcntary Nolus 

TECHNICAL MONITOR B. A. LAMPKIN 

I ~ o e i n s ~ o n h r c i a ~  A i r p l a n e  company , - 

A two engine t h ree  fan V/STOL a i r p l a n e  was desinged t o  f u l f i l l  naval  
ope ra t i ona l  requirements. A mu1 t~ -mi ss i an  airpl  ane was devel  oped 
f r o m  s tudy  o f  s p e c i f i c  p o i n t  designs. dased on t h e  mu1 t i - m i s s i o n  
concept, a i r p l anes  were designed t o  demonstrate and develop the 
technology and ope ra t i ona l  procedures for t h i s  c l a s s  of  a i r c r a f t .  Use 
o f  in te rconnec ted  v a r i a b l e  p i t c h  fans l e d  t o  a good balance between 
high t h r u s t  w i t h  respons ive  c o n t r o l  and e f f i c i e n t  t h r u s t  a t  c r u i s e  speeds. 
The airplanes and t h 2 i r  c h a r a c t e r i s t i c s  a r e  presented.  

I VARIABLE PITCH 

UNCLASSIFIED - ITmIMLTED 

I I I 1 - 'For sole by the National Tcchn~sal Informatian Scrvicc. Sprbngf~etd, Vlrg~rrta 22151 

I 
10. Sccur~ly Clarsll :ol thls rcporll 

NONE 
20. Sccurily Classlf. lo l  thls ~ ~ a f l c l  

NONE 
21 No  ol Paqcs 22 Pr~cc' --"I--- 



Th i s  docunlent con ta i ns  the work done under t he  amendment t o  NASA 

Contract /4AS2-6563 for study o f  a Lift Cru ise  Fan Technology A i r p l a n e  

and Concevtual Design o f  a Navy Mu l t i -M i ss i on  V/STOL A i rp lane .  The 
arrangement of t h i s  r e p o r t  emphasizes these two phases o f  t h e  s tudy ,  

Tne conceptua l  des igns a re  descr ibed  i n  P a r t  I and t h e  Technology 

A i r p l a n e s  i n  P a r t  11. 

The ASW i s  t h e  v e r s i o n  o f  t h e  m u l t i - m i s s i o n  a i r p l a n e  which rece i ved  t h e  

most d e t a i l e d  a n a l y s i s .  For t h a t  reason a l l  t h e  detailed design,  

ph i losophy  and c o n f i g u r a t i o n  developrnent 's descr ibed ir, Sec t i on  3.3, 

ASW A i r p l a n e  Design. 

S i m i l a r l y ,  f o r  P a r t  I1 t h e  design o f  the technology a i r p l a n e  i s  presented 

i n  d e t a i l  i n  Sec t i on  4.1, t h e  A l l  New A i r c r a f t .  The d i scuss ion  o f  t h e  

modified a i r c r a f t  are presented w i t h o u t  r e p e a t i n g  areas which a r e  common 

t o  the  a77 new a i r p l a n e .  



CQN'I'ENTS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.0 PART I-NAVY OI'l3RATlONAL AIR(!RAFT 13 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.1 Poinl Design Aircroft I 6  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.2 Multi-Mission Aircraft 33 

3.2.1 Mulli-Mission Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 
3 - 2 2  Mulli-Mission Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.3 ASW Airplane Design. Modct 104 1-133-1 A6 
. . . . . . . . . . . . . . . . . .  3.3.1 Arrungernerlt and Characteristics (104 1-133-1 67 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.3.2 Internal Arrangement ( 1041-133-1 I 60 
. . . . . . . . . . . . . . . . . . . . . . .  3.3.3 Aerodynamic Cllnraclerislics (1041-133-1 1 62 

...................................... 3.3.3.1 Lift; and Drag Data 62 
. . . . . . . .*. . . . . . . . . . . . . . . . . . .*. . .  . . . . . . . . .  3.3.3.2 Performance .. 75 

. . . . . . . . . . . . . . . . . . . . .  1.3.4 Structurni Criteria and Dcsign t 1041-133-1 81 
................................... 3.3.5 Aircraft; Systems (1041-133-1 85 

................... 33. 6 Propulsion (1041-133-11 ... ........ .. ..... ... . 91 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.3.7 Drive System 99 

........................................... 3.3.8 Weights and Balance 101 
................................................. 3.3.9 Plight Controls 101 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.3.9.1 Control System Description 107 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.3.9.2 Control Syotem Performance 114 

................... 4.0 PART 11-JJFT/CRUISE FAN TECHNOLOGY AlRCRAFT 130 
...................................... 4.1 All New Aircraft. Model 1041-134 131 

.................................................. 4.1.1 Configuration 131 
..................................................... 4.1.2 Propulsion 134 

.................................................. 4.1.3 Aerodynamics 134 
................................................. 4.1.4 Flight Controls 144 

............................................... 4.1.5 Aircraft; Systems 147 
............................................ 4.1.6 Weight and Balance 117 

. . . . . . . . . . . . . . . . . . . . . . . .  4.1.7 Performance-All New Airplane 1041-134 151 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.2 Modified Aircraft Model 1041-135-2 156 

.................... ......................... 4.2.1 Configuration ,,., 156 
................................................. 4.2.2 Flight Controls 164 

............................................ 4.2.3 Weight nnd Balance 164 
.................................................... 4.2.4 Performance 164 

4.3 Modified Aircraft (Limited Flight Envelope) Model 1041-336 . . . . . . . . . . . .  165 
............................. 4.4 Technology Aircraft Comparison Summary 167 

FRLCmNG PAGE BLANK NOT ??EADJY 



CONTENTS (Concluded) 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Excerpts From Work Sltitcmrnt and Guid~lincs 109 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Installed Propulsion Pcrf'orrnnncc 1H7 

............................................................. Gmund Effects 225 
......................................................... Inlet Acrotlynamics 229 

Fun Nozzlc Vanos .......................................................... 25:J 
' r l  . . . . . . . . . . . . . . .  Transmission Spiral Bevel Gear Load and V(bltrcity Experience 2. 13 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I-ILI-I 'I'ransmission Gcuring Expcricncc 265 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Takeoff and Lnndirlg Time I-Iistarius 275 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Weight Analysis Metllod 2HI 
Maximum Lift. Spced and Nnccllc Dcf1ect;ion 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chnrncteristics for the 1041-133-1 291 





FIGURES (Continued) 

........................ 0.rwuld Eflicioncy Fuclor 1. I'Ii'A 104 1 . 1:I3 I ASW 1 (;!I 
I3uSfi.t 13ot1ndury ('1. 113 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 
I. il'l Ilhurtlctrristics 111.1 1-1:33- 1 ~ A S W I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  71 
ll:xlr~r~lul Slotvcl Ilrug 10.4 1-]:XI-1(ASW I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78 
'l'rin~mtld Drug I1ol;lr 104 I -1:1;3-1 IASW I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  73 

.... V/STOL (lonf'igurntion I'olur lO.Il.l.~.I.l IASWI Oul o['(;rc~und 1Sflilcl 74 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ST0 Time Jiistory. 10.1 1-13;;-1 (ASW I 7ti 

........................ S'rO Mission Urcaakdown I.(.I'A-IO~i 1. 1:39 r ASW 1 7H 
. . . . . . . . . . . . . . . . . . . . . .  VTO Mission I3rt~ultdown L(1FA 104 1-1:3:3-1 IASWI 7!1 

Modc*l 104 1- 1:13 IQligll t 1l:nvcloprl ....................................... HO 
.................................... Slruclurul  Sprtld-Alti t u d ~  I4nvclopr 83 

V-n Iliugrums .......................................................... 81 
(lcanrral Structural  A r r i ~ n g r ~ r n ~ n l  
Ihgin t l  Support und Rolnlioo Mi~cl~anisrn . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hti 

. . . . . . . . . . . . .  Sclionintic ~ ~ ' S C I ~ V ~ L ' L ' B  ( F u c ~ .  I':lcv!tric. Ul[~clcl) LO Pivot T j ~ i l r n  W7 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Srlcl.ion Through O u l i ~ r  Bearing HH 

I ' r ~ i s ~ i L i f l  IQan/l<ngine 1'ropulsir)n IJod ................................. !IS 
. . . . .  Advunci?d T701 (lompuund LifL/I:ruisc* TurboTan Tu~.boisl~uft ICnginth 07 

Vnriublc (;comctry InIct M o d ~ l  ......................................... 98 
P o w ~ r  Train Scht!mntic ................................................ 100 

.......... Cc~iCcr-of Gravity Loading Tliagrum Model L(3'A-133-1 (ASWI 1.04 
I-'itch/RolliYaw (rontrol ............................................... 108 
Flight  Control Schemnlic ............................................. 110 
Flight: ilont;rol Systcm. Kclulionship of 
Frimary (:antrols tcl Actuation Systrms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  111 
l ~ l i g h t  C'ontrol Modes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  112 
Pitch Attitudcl (lantrciIlpr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  113 
Borixonlnl Sprc*tl C'ontrollcr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  115 
Roll Anglo and Sidr  Velocity (lclntl.ollrr ................................ 116 
Yaw Rntil Uc~ntroller ................................................... 117 
l t a t c  of' Climb Control1r.r ............................................... 118 

......................... Roll (:ont;rol T'owur Capabilily. Modcl 1041-133 120 
V/STOL C:or~l~rol System Response ...................................... 121 
Hovcr G y r o ~ i ~ p i ~  Moments. Model 104 1.- 133 ............................ 123 
Iiovcr in n Crosswind (Light Gross Wcightl ............................. 123 
Thruat  Vrctaring Trim Schedula. Model 104 1 . 133 . . . . . . . . . . . . . . . . . . . . . . .  125 

....................... Thrus l  Vtlctnring Trim S c l ~ ~ d u l r ~ .  Mc1dr.l 104 1-133 1% 
.................... Stniic 1lirect;itrnal Stnbili ty ('ruisrl Vrrticul F i n  Sizc 127 

Horizontal Tail Size ................................................... 129 
Elcncbrnl Arrnngrmcnt. Modcl 1041-133 ................................. 132 
Overlay (:omparison ................................................... 133 

.. ............ I.)rng 7lue to Lift LCIPA 1041-134 (All Ncw AlI'l Mach 0.6 137 
Roghnuss Plus Exc rcsccnc~  1)rng Ihc tor  ................................ 1311 



FIGURES (Concluded) 

I'll ~ ( 4  

I)i*ug l luo lo u Jet  ICnginc . Nuccile Attucllrd 10 n 
................................ lpustllugct ns u Fu~ic l ion  of' ~'ylon 1. cbngtla 13!1 
............................... Ilrug llolnt* I. 10.1 1 -13-1-All Ncw A:I1 l 4 [ )  

.................... Low-Spcctl Ilrng I1olnr lAI'I?A 1041-134-All Nrw Ail' 141  
............... Arrodytlamic I. ii't T'ower OfT I. ('PA 104 1-134 All Ncw AiI1  142 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T'owsr-on 1. iCl I. C'PA 1041-134 1-18 
.............. Modcl 1i).11.134 ('onlrcli Rcspc)nsth 'l'imc. G.W. 22. BOO Ib Id(; 

............................. Uulnnc*rl 1)iugru m Nct Tcul~nology Airpltlnrb 150 
. . . . . .  L I . ~ ~ ' A  Trlchnology Ajrplnncs. Typicnl 'I1cl.miniil Arru Trst Missions 162 

.......... L ( T A  'I'c~chnology Airplance Il'c*rry Mission I1crfi)nnuncc Rules 163 
................ Tukcc~Ct' Ptsrfurmnnctl I. OICA 104 1-1.34. All Nrxw Airplane 163 
................ Lunding 1'urrot1munrr IJ('ZCA 104 1-134 All New Airplans I t 5  

.............. Lcvel b'lighl (:npabilily IJC'FA 104  1-131 All Ncw Airplnnta 157 
T c c l ~ ~ ~ a l u g y  A i r p l n n ~  Modil'icd T-39 

......................................... (Subrclinar). Model 1(111-1313-2 1DB 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ovurlay (:ompnrison lt3U 

................... .................... nrag Polnr LCIW 1041-135-2 .. 161 
................................................. IJow-Spcrd Ilrog I)olnr 162 

............................................ t'irrodynomic Lif't I-'owcr Off 163 
Limif erl Flight Envulopc Technology Air;)lunt~ Modifird T-39 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  tSubrplincr). Modtll l(14 1-13(j lG(i 



TABLES 

M u l t i m ~ ~ ~ i o n  Aircraft ................................................. (i 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T701 15nglnrl (i 

Opr~~.t~lic)nul nlid Trrhnology Alrplunia Wclight ( 'nml)ur i~(~n  . . . . . . . . . . . . . .  :I 
I. iltJ('ruiso Fun NASAiNnvy VISTOI, ................................... 90 
I, ('PA ('c)nfigu~~nlions-T~oi~~t I l t ~ i g u  Mikcion S u ~ n ~ n u l ~ i r h  . . . . . . . . . . . . . . .  :I1 
I'oint Ilcsign W(4ghL Summary. Mihsron-Sixid Airpluncns . . . . . . . . . . . . . . . .  32, 
Mull imi~s ion  Airrrul't ( lo rn l~a i~ i~ot i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.1 
Mult imi~s ion  Wraight Summury . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ;3(i 

. . . . . .  llrag Su~nlnury Nonlili l)rprndt&nL . . . . . . . . . . . . . . . . . . . . . . . . . .  .. liB 
...... (!ombat Lond Fuclors W 0 1 . . . . . . . . . . . . . . . . . . . . . . .  ... H2 

Instullcd Stutic I'c8rti)rmnnuo Srti 1.c~vr.t 90" I' 1)uy . . . . . . . . . . . . . . . . . . . . . . .  $15 
(lompurison of (:urrcnt tc) G n ) w ~ h  'l'70l 151igincl . . . . . . . . . . . . . . . . . . . . . . . . .  Ilti 
Multimiu~ion Airplanca. Modrl 104 1-133- 1 .............................. 1112 
Wciglil Incrcmc8ntti for Spccinl Il'riutul*cs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  105 
ASW Incl-tia ........................................................... l[)ti 
Instul lild Static I1tlrfi)rmuncra on 'I'i*illlIIOIO~y AircrrifZ .................... 135 
L(1FA 1041.134 Zero Lift Drug Uri*aIrdown ............................. 136 
Tachnulogy 1Icmon.qLrntion Ilavilr ('ontrol Z1owr*r. Modcl 10.1 1-1:34 . . . . . . .  145 
Tcchntllogy Airplune Woiglrt 
Stuliamtlnt NASAINuvy V/STOL-L1uri I1 ............................... 148 
I. ift/(.ruisc Fan nnd Transmission System 
Wrigllt. 1b. Technology Airplu~lc ....................................... 1.19 
P o s ~ i h l o  l'cchiiology Ilemonstrator Modifirnhon C'ompurist)n ('hurt ...... 158 
Weight Summary Ti*chnology Airpln~lu ................................. 168 



SYMBOLS ANT) 
AI313nFlVIATIONS 

ASW 

b 

BCAV 

B I'R 

BS 

c.g. 

c 11 

CL 

CI, max 

CI,, 

CSAR 

D 

DDA 

F 

FG 

PI, max 

F1, /c 

nspcct ratio-b2/s; nozzle urca-1't2 (mZ) 

uirplnne 

nntisubn~arinr 

wing spnn-ft2 [rn21 

b c ~ l  CI'U~BC' nltiludr rind vialocity 

bypass ralio-l'nn nirlluw to prirnnry i~irllfiw 

body station 

mean acrudynnmic cllord 

center of grnvity 

drag coefficient, D/qs 

Iin cocrficicnt, Lqb 

maximum lift cocfficici~t 

lift curvc slope 

c ~ m b n t  search and rescuc 

drng, Ib (N)  

Detroit Diesel Allison 

081vnld efficiency h c t o r  on drng duv Lo l i f t  tCIl - CIlo t C L ' I ~ A C )  

thrust, lb IN) 

gross thursl, lb IN) 

maximum grass thrust, lh (N) 

lift cruise fan thrust, Ib I N )  



gt'm 

GW 

WLH 

IIP 

IOC 

KEAS 

KTAS 

L 

MAC 

MM 

N 

OEW 

not t l~rust ,  lb (Wl 

thrust-wcighl; rntio, Ibllb (NIN1 

Gcnornl Electric Company 

gnllons per minula 

gross weight 

hcuvy l ih  holicoptcr 

horsepower (W1 

initial operating capnbili ty 

moments of inertia, dug ft"kgm21 

knot 

knots cquivaIcnt nirspccd 

knots true airspeed 

lift, Ib (NI-characteristic Icnglh 

leading edge 

Mach number; pitching momrnt St lh ( N  ml 

rncnn ncradyn~mic chord 

maximum horizontal flight Mach numbor 

number of engines; yawing t r ~ o ~ n ~ ~ n t  f'lilb (Ntrn! 

operating empty weight, lh (kg) 

pressure lblft2 ( ~ / r n ~ )  

maximum total pressure, lblfL2 (PIirn2) 

minimum totaI pressure, ~ b t f l " ( ~ i m ' ~  



SA 

SAS 

SFC 

STOL 

T 

TAS 

t c  

TIT 

T,O. 

TOGW 

v 

V/STOL 

VTO 

VTOGW 

VTOL 

W 

dynamic pressure, 1b/d2 I ~ / r n ~ )  

comprasPor prcasure rntio 

lbrl  pressure ratio 

2 2 wing or reference nrcn, 1'1 (m 

aurft~cc nttnck 

~tflbility uugmcntntion system 

epccific fuel conaumplion, lllillrllh (kgl's''N) 

p!lort; tnkcoff and landing 

tempcraturc, dcg 

truo nirapeed 

thickncss/cI~ord rnt io 

turbine inlet temperature, dcg 

tnkcoff 

tnkcoff gross weight, Ib (kg) 

velocity, kn (rnls)  

level flight maximum speed 

vertical landing 

freestream velaci ty 

vertical onbonrd delivery 

vertical/shorl tnkcoff and landing 

vertical takeoff 

vertical takcoff grass wc~ght,  Ib (kg) 

vertical takeoff and Iandi rig 

weight, Ib (kg); airflow, Ibls rkgisl; watts 



WBL 

W ff 

Grcok: 

a 

Y 

6 

wing body line 

fuel ilow, lbhr  tkglhrl 

nnglc al'attnck, dcg (rod) 

preseurc ratio l'/I'sl, ~ t d ;  Ilap dl~l lrcl ir~n,  drlg Ir:rd) 

T pitch anglp, drg (rod); tompcrnlurc ratio, F----- 
- bl, Yttl 

gross lhrusl vector nngltl rcalalivc [ ( I  tho Illlrl;lilrtt~li ' > i ~ d ~  rcfclrcnr*ca l i r ~ c l :  

when thrusl is horizontal u ~ i d  f'orward, h -. 0"; wl~rlrr :Itrust IS ~~crlrt.;iI nnd 
up, A = 90 dog (rnd) 

~ w c c p  of tho quarter chrr,cf l inc~, deg {rudl 

roll angle, dcg Irnd) 

ynw angle, dcg (rad) 



I ,O SUMMARY. 

Hub d r i v e n ,  v a r i a b l e  p i t c h  fans connected t o  t u r b o s h a f t  engines through 

a nicchanical t r a n s g i  s s l on  o f f e r  t h e  a i r p l a n e  des igner  a  f 1 e x i  b l  e tneans 

f o r  s e l e c t i n g  a  good compromise between the requ i r e~nen t s  f o r  h i q h  t h r u s t  

a t  l ow  speed and e f f i c i e n t  t h r u s t  a t  c r u i s e  speed. Th i s  comproniise i s  

ex t rc lne ly  i a p o r t a n t  i n  s e l e c t i n g  t h e  propul  s i o n  arrangeliten t f o r  h i g h  

speed, v e r t i c a l  t a k e o f f  a i r p l anes ,  The p resen t  s tudy was performed t o  
examine the  appl  i c a b i l  i t y  o f  such a  p ropu l s i on  sysleln t o  V/STOL a i r c r a f t  

in tended f o r  Naval sea cont,rol  opera t ions .  

The s tudy  was acco l~~p l i shed  i n  two p a r t s .  Pa r t  1 c o n s i s t s  o f  a s e r i e s  

o f  nava l  opera t iona l  a i r c r a f t  designs l ead ing  t o  a mu l t i -pu rpose  a i r p l a n e  

capable o f  per9fortning a v a r i e t y  o f  r . ~ i  ss ions w i t h  nlinimuni m o d i f i c a t i o n .  

In P a r t  I1 a f a m i l y  o f  technology delnonstraptor a i r c r a f t  was designed, 

each o f  whizh cou ld  re;.. s e n t  t o  va r i ous  degrees t h e  t echn i ca l  f ea tu res  

o f  t h e  mu1 t i - l n i s s i o n  a i r p l ane ,  

The r e l a t i o n s h i p  o f  t h e  13 r e s u l t i n g  c o n f i g u r a t i o n s  and t h e i r  i d e n t i f y i n g  

niodel numbers a re  shown on F igure  1.0-1. 

OPERATIONAL AIRPLANES 

As a r e s u l t  of t he  p o i n t  des ign c o n f i g u r a t i o n s  s tud ied  i n  P a r t  I, t h e  

ASW a i r p l a n e  became t h e  bas i s  f o r  t h e  mu l t i -m i ss i on  des ign.  

An i s o m e t r i c  view, emphasiz i~ lq  t h e  V/STOL f ea tu res ,  i s  shown i n  F i gu re  1.0-2. 

The two engines are mounted behind t h e  v a r i a b l e  p i t c h  I i f t / c r u i s e  fans ,  

and t h e  engine/ fan u n i t s  r o t a t e  t o  p rov i de  t h r u s t  v e c t o r i n g  f o r  V/STOL 

opera t ion .  A v a r i a b l e  p i t c h  I i f t - f a n  i s  rnoul~ted ahead of t h e  crew s t a t i o n s  

and i s  d r i v e n  by i n t e r c o n n e c t i n g  sha f t s .  

I n  c r u i s c  and h i gh  speed f l i g h t  t h e  a i r p l a n e  i s  conven t iona l  i n  appearance 

and operati-he nose f a n  i s  disengaged a t  t h e  c ross  s h a f t .  
A 



Point design 
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Figure 1.0-1.-Hierarchy of Designs 
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for use of 3~ailable engines) 

Technology 
a.:craft 

1041-734 



Figure 7.0-2.-704 7- 733 V/STOL Aircraft 



A SUIIIIII Iry o f  t h e  p o i n t  des igns developed i n  t h e  P a r t  I study a r e  shown 

i n  F i gu re  1 .O-3, The VOD i s  an excep t ion  t o  t h i s  f a m i l y  i n  t h a t  i t  

r e q u i r e s  t h r e e  engines r a t h e r  than two and i t s  fuselage i s  s u b s t a n t i a 1 l y  

d i f f e r e n t  due t o  t he  t r a n s p o r t  111i ss ion  requi rement ,  Otherwise, t h e  

ASH des ign  i s  c r i t i c a l  ;. t h a t  i s ,  t h e  ASW a i r p l a n e  inust be somewhat l a r g e r  

than t h e  o t h e r  p o i n t  des igns and i t  can be r e a d i l y  madifed t o  per fo rm the  

o ther  n l i ss ions  i n  i t s  n tu l t im i ss i on  r o l e .  

Therefore,  Model 1047 -133-1 i s  presented as t h e  t y p i c a l  ope ra t i ona l  

a i r p l ane .  The arrangement i s  t h e  n a t u r a l  r e s u l t  o f  the  b a s i c  assumptions 

on p r o p u l s i o n  f a i l u r e :  (1 )  sa fe  f l i g h t  i s  p o s s i b l e  a f t e r  engine f a i l u r e  

i n c l u d i n g  sa fe  f a i l u r e  t r a n s i e n t s  d u r i n g  s p e c i f i c  f l i g h t  c o n d i t i o n s  and 

( 2 )  t h e r e  i s  no p r o v i s i o n  f o r  f a n  f a i l u r e  ,du r ing  V/STOL maneuvers. The 

second assumption i s  s i m i l a r  t o  he1 i c o p t e r  des ign ph i1  osophy w i t h  regard  

t o  r o t o r  f a i l u r e .  

Model 7041 -133-1 i s  designed by f l y i n g  the ASW m iss i on  f rom a s h o r t  t a k e o f f  

c a r r y i n g  a  2820 l b .  pay load 150 n a u t i c a l  miles, l o i t e r  4 hours, r e t u r n  

150 m i l e s  w i t h  reserves and l and  v e r t i c a l l ~ ~ .  Wi th  t h e  a d d i t i o n  o f  water/  

a lcohol  t h e  a i r p l a n e  can f l y  t h e  same miss ion  f rom v e r t i c a l  takect f f  and 

l o i t e r  3.16 hours a t  150 m i l e  r ad ius .  

The bas ic  c o n f i g u r a t i o n  f o r  a l l  t he  m iss ions  i s  s i m i l a r  ( w i t h  t h e  excep t ion  

o f  VOD which r e q u i r e s  an e x t r a  engine) .  The r e s u l t i n g  c o n f i g u r a t i o n s  have 

th ree  f ans ,  two f o r  ? i f t / c r u i s e  and one f o r  l i f t  on ly .  The t h r e e  fans  a r e  

i d e n t i c a l .  The two engines a r e  developments o f  t h e  D e t r o i t  D iese l  A1 7Tson 

T701 o r  e q u i v a l e n t  and t h e  t h r e e  f ans  a re  developments o f  t h e  Hamil ton -  

Standard "9-Fan" v a r i a b l e  p i t c h  fans .  The mu1 t i - m i s s i o n  ai rplane weights  f o r  

the  v a r i o u s  miss ions are l i s t e d  i n  Table  1.0-1. 

The s t a t i c  performance o f  t h e  p r o p u l s i o n  combinat ion used f o r  bo th  the  

ope ra t i ona l  and technology a i r p l a n e s  a t  sea l e v e l  and 9 0 ' ~  is shown on 

Table 1  .O-2. Each engine d r i v e s  a  r e d u c t i o n  gear s e t  th rough  an over runn ing  

c l u t c h .  A r i g h t  ang le  bevel set d i s t r i b u t e s  power t o  t h e  f r o n t  fan th rough  

a "Tu box and c l u t ch .  A i r p l a n e  accessory power i s  taken f rom t h e  r e a r  o f  

t h e  'IT" box. The l u t c h  ad jacen t  t o  t h e  "TI1 box d isconnects  t h e  f r o n t  f a n  

au r i ng  conven t iona l  f l  i g h t .  



Number of engines 
Wing area, ft 2 

Emergency landing weight required 
Emergency landing weight capability 
Mtssion GW 
'T701 (current). 

Figure 7.0-3.-Point Designs 
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Table 1 .O- 1 .-Muillmission Aircraft 

Table I .  0-2. -T70 1 Engine" 

Numbcr of ongincs 

Mission GW, lb 

Erncrncncy landing 
weight, Ib 

Emergency Inncling 
weight capnbilily, lb 

"Sea level, 90" F, day 

'~atorlalcohol  augmetitntian 

ASW 
1041.133-1 

2 

37 760 

74 500 

25 000 
-. .- 

Current ( I  9751 

1985 

. , - ----. - -. ..- .+ 

S ~ J I Z V  von s A C ~ A B  
1041-133 2 1011.133.3 1 0 4 1  133 1 1 0 4  I 1 ;3:3 !I -- 

2 2 7 

32 850 30 810 30 850 

25 000 21 780 93 [ICIO 

75 000 25 000 75 000 

lntcrmetlintc powcr, 
two engines, thrcr! fatis 

Far) plessurc! 
ratio 

1.14 

1.17 

Cor1li81qt~r1cy !)o\v~*r, 
r ~ t i r ?  c~igiric, thrcr! fans 

Tr r ! , t l  f , ~ t ~  
thrust, 111 

27 680 

34 000 
- . . . . . - . . - 

Far1 prcssirr~ 
ratio 

1.12~ 

1 . I  3 - 

- .- - - .- - . 
Tntal far1 
thlust, Ib 

21 0 0 0 ~  

25 330 



Thrus t  vec to r  c o n t r o l  d u r i n g  V/STOL ope ra t i on  i s  ach ieved by r o t a t i n g  

t h e  l i f t / c r u i s e  f a n  n a c e l l e s .  The nose f a n  t h r u s t  v e c t o r  i s  f i x e d  15' 
fo rward  o f  v e r t i c a l .  Dur ing  V/STOL t r a n s i  t i a n ,  as t h e  nace l l es  r o t a t e  

and t h e i r  nlol~lcnt arrn about  t he  c.g ,  changes, t h e  nose fan t h r u s t  l e v e l  

i s  changed t o  balance t h e  moments, 

A ve r y  impor tan t  des ign  c o n s t r a i n t  i s  t h e  requi rement  f o r  one engine o u t  

o p e r a t i o n  d u r i n g  low speed f l i g h t  and hover-. The o p e r a t i o n a l  a i r p l a n e  was 

designed t o  have engine o u t  capabi 1  i ty  a t  eniergetlcy we igh t  (weapor,~ s t o r e s  

and a l l  b u t  1,000 I b s ,  o f  f u e l  j e t t i s o n e d )  w i t h  t h e  remain ing engine a t  

con t i  ngency power. 

TECHNOLOGY AIRPLANES 

The technology a i r p l a n e s  o f  the  P a r t  I 1  study were based on t he  ASW v e r s i o n  

o f  t h e  mu l t i -pu rpose  des ign.  Thc p ropu l s i on  arrangement and s i z e  i s  t h e  

same as t h e  ASW except  f o r  t h e  engines which a r e  c u r r e n t  models o f  t h e  

ope ra t i ona l  engine. The s t a t i c  t h r u s t  a v a i l a b l e  i s  shown on Table  1.0-2, 

Water-alcohol  i n j e c t i o n  i s  used t o  p r o v i d e  cont ingency power i n  t h e  event  

o f  s i n g l e  engine opera t ion .  

A t h r e e  v iew o f  t h e  a l l  new technology a i r p l a n e ,  Model 1041-134, i s  shown 

on F igu re  1.0-4. Compared t o  t he  mu1 t i n i i s s i o n  a i r p l a n e ,  i t  has a more 

s lender  fuselage, a two p l ace  i ns tead  o f  a  f o u r  p l ace  cab and a stnal let- wing. 

The wing s i z e  was reduced t o  m a i n t a i n  t h e  ope ra t i ona l  wing l oad ing  f o r  

s i m i l a r i t y  i n  f l i g h t  c h a r a c t e r i s t i c s .  These d i f f e r e n c e s  r e s u l t  i n  an 

ope ra t i ng  weight  o f  16,400 pounds compared t o  23,500 pounds f o r  t h e  

ope ra t i ona l  ASW. A comparison o f  p e r t i n e n t  weight  i s  shown on Tab le  1 .0-3.  

With f u l l  payload and 2 crew members, a t  emergency l a n d i n g  gross w e i n h t  

o f  20,400 1  bs; i t c a r r i e s  7,490 pounds o f  f u e l .  Th i s  w i l l  p rov i de  a hover 

endurance o f  13 minutes.  The a l l  eng ine ope ra t i ng  t h r u s t / w e i g h t  r a t i o  i s  

1.36 a t  t h i s  weight. V e r t i c a l  f l i g h t  a t  h igher  we igh t  i s  s a f e  w i t h i n  a 

l i m i  t e d  hover ing envelope. 



Figure 7.0-4.-All New Technology Airplane. Model 1041-734 



Table 1.0-3.-OperaUonal and Technology Airplane Weight Comparison 

Structure 
Prapulsinn 
Equipment 
Enipty weight 
Non~xpcnc~~~t~ lo  uscful Ir);~tl 
Operating weight 
Payload 
Fuel 
Gross weiqht (ASW rnissior~l -- 
Emergency tand~rig weir_lht -. 
'Incluclcs extarnal tanks. 

O 790 
G 910 
7 OOrI 
15 HOO 

---- GOO A 

1 G 400 
2 60(1 
1 5 4 ' ~ ~  

-- - -- - - > -- -. - 
70 40fl 

--.- 



A tect tnol  ogy a i r p l a n e  based on 111odi fy ing a Roc kwe l l  I n t e r n a t i o n a l  T-39 

Sabre1 i n e r  was s tud ied  as a llieans o f  reduc ing  c o s t  (Madel 1041-135-2). A 

genera l  arrangenient i s  shown an F iqu re  1.0-5. M o d i f i c a t i a n  c o n s i s t s  

prfmarily o f  retnoving unnecessary weight ,  r lldnqincl t h e  nose dnd a f t  body 

t o  accept  t h e  V/STOL p ropu ls i r l n  systern, and r e p l a t i n q  t h e  canopy t o  

pe rm i t  e j e c t i o n s .  Its  ope ra t i ng  wc igh t  i s  700 pounds heav ie r  than t h e  

a l l  new 1041-134. A t  the s i n q l e  engine emergency weight ,  i t  can c a r r y  

790 pounds o f  f u e l  w i th  2 crew triemhers and f u l l  payload, A hovcr inq  

endurance o f  9 minutes can bc extended by removing p a r t  o f  t h e  pdyload 

o r  1  i m i  t i n g  t h e  hove r i  rlq envelope, The niajor d isadvanlaqo o f  this concept 

i s  t h e  unnecessar i l y  larqu wing o f  t h e  T-39, The c o s t  o f  reduc ing  the  

winq s i z e  on t he  -135-2 would cancel t h e  c o s t  sav inq  due t o  m o d i f i c a t i o n .  

A f u r t h e r  small c o s t  r e d u c t i o n  was achieved by l i m i t i n g  t h e  ope ra t i on  o f  

a modiT icd a i r ~ l a n e  t o  the low speeds assoc ia ted  w i t h  t akeo f f ,  l and ing  

and t r a n s i t ' o n .  Th i s  c o n f i g u r a t i o n ,  Model 1041-136, i s  a1 so a n i o d i f i c a t i o n  

o f  t h e  T-39. A d d i t i o n a l  changes c o n s i s t  ma in ly  o f  renioviny the canopy, 

f i x i n g  t h e  land ing gear and renioving unnecessary doors  and ac tua to r s .  Th i s  

a i r p l a n e  i s  600 pounds l i g h t e r  than t he  -135-2 and o n l y  100 pounds heav ie r  

than t h e  a l l  new -134, 

These three t e c l ~ n o l  ogy a i r p l a n e s  o f f e r  a c l a s s i c  cost /weig  ht /perforrnance 

t rade:  

- The a l l  new -134 cos t s  t h e  most, has low r i s k  on we igh t  and has 

goad performance. 

- The mod i f ied  T-39 i s  l e s s  expensive, has a  l o w  weight marg in ,  and 

has good performance, 

- The l o w  speed tnodi f ied T-39 i s  t h e  l e a s t  expensive,  i t  has low r i s k  

on we igh t ,  bu t  i t s  pe r f o r t~~ancc  c a p a b i l i t y  i s  1  i m i ~ e d  t o  low speed. 





2.0 INTRODUCTION -. - ----* - 

Many s~eeessful  V/STOL exper i l~ ien ta l  d i r c r d f t  h d v e  f lowr~ i n  the I d s t  
t w o  decades. Few except  f o r  h e l i c o p t e r s ,  hdve r e s u l t e d  i n  use fu l  

ope ra t i ona l  systems, Recent t rends  i n  t h e  s t r a t e q y  o f  nr ival  w a r f a r r !  

have revea led  a p o t e n t i a l  r c q u i r e ~ r ~ e n t  f o r  h iq t i  speed V/STOL a i  r p l a n c s  

t h a t  lrlay w e l l  supply t h e  l l ~ i s s i o n  rer lu i rer l lent  f o r  v e r t i c a l  t d k e o f f  t h a t  

has been l ~ l i s s i n g  i n  p rev ious  s tud ies  and t l x l ~ c r i i l ~ e n t s .  Th is  t u r n  o f  

eventscould  r e s u l t  i n  t he  i n t r o d u c t i o n  o f  h i g h  speed V/STOL a i r p l a n e s  

as  a rnajor element i n  t h e  con~pos i t i on  o f  rllodern t lavdl fo rceq .  

Successful development o f  v e r t i c a l  and s h o r t  t a k e o f f  and l and inq  a i r c r a f t  

w i t h  good payload-range and high speed c a p a b i l i t y  w i l l  allow e f f e c t i v e  

a i r  power t o  be d ispersed  throughout t h e  f l e e t  instead o f  being concent ra ted 

on conven t iona l  a i r c r a f t  c a r r i e r s ,  

Other nli 1 i t a r y  appl i c a t i o n s  a re  ev i den t .  Troop deployment, rcscue,  

s u r v e i l l a n c e  and a t t a c k  ~ i i i s s i o n s  of b o t h  t h e  Army and fi2at1ines c o u l d  p r o f i t  

f rom ille deve l  opnient o f  h i g h  speed, VTO a i r c r a f t .  

In t he  c i v i l  a p p l i c a t i o n s  development and re -supp ly  a t  remote l o c a t i o n s  i n  

d i f f i c u l t  environtt ient can a1 so be improved by h i g h  p r o d u c t i v i t y  VTO a i r c r a f t .  

Th is  s tudy  has addressed t h e  probleni of des iqn ing  a  v e r t i c a l  takeof f  a i r p l a n e  

t o  perform t h e  naval m i ss i on .  I t  i s  shown t h a t  p roper  s e l e c t i o n  o f  modern 

propul  s i  on components c o l ~ ~ b i n e d  w i t h  a t r a d i t i o n a l  acrodynanlic c o n f i g u r a t i o n  

can y i e l d  a t w i n  engine a i r p l a n e  hav ing  ve ry  r espec tab le  conven t iona l  

performance toge ther  w i t h  exce l  l e n t  v e r t i c a l  t a k e o f f  capabi  1  i Ly and engine 

o u t  s a f e t y .  Performance and c o n t r o l  a f t e r  engine f a i l u r e  i s  s u p e r i o r  t o  

t h a t  o f  conven t iona l  t w i n s  d u r i n g  normal f 1 i g l l t ,  Convent ional  s a f e t y  margins 

a re  r e t a i n  d u r i n g  very low speed f l i g h t  and hover. 

The s e l e c t i o n  o f  a  1  i f t l c r u i s e  f a n  system a t  a d i s k  l o a d i n g  balanced 

between t h e  requi rements  f o r  low speed t h r u s t  and h i g h  speed fue l  economy 

has r e s u l t e d  i n  an a i r p l a n e  which n i in imizes t he  i n h e r e n t  penal ty o f  v e r t i c a l  

takeoff .  F i gu re  2.0-1 shows t he  a p p l i c a t i o n  o f  these  p r i n c i p l e s  t o  a  V/STOI- 

ASW a i r p l a n e  and compares i t  t o  the  per far~t lance o f  t h e  conventional, c a r r i e r  

based S-3A when bo th  a r e  f l y i n g  t h e  ASW miss ion.  



Radius. nmi 

Figure 2.0-1 .-AS W Idission Performance 



Although the resr r l t ing  desigr, i s  dniclue pt>i r~cipdl ly  i n  i t s  cn~ l lh ind t ion  

o f  p r e v i o u s l y  successfu l  cottlponcnts, the  con~binat ion rloas r c q u i r c  v a l  i da t i on .  

Technical r i  sks can be reso lved  by deti~onstra t inn the a~rodyrti~rnir: , propulsion 

and f l i g h t  c o n t r o l  c h a r a c t e r i s t i c 5  o f  t h e  d i r p l a n e  i n  a tcchnaluqy 

dentorlstratar. Several possi bi  1 i t i e s  of technology da~ ions t rd  tor dirpldnes 
are  oresenled, They a l l  share i n  coiirlion the advantaqss ot be inq  sized 

t o  all e x i s t i n g  engine. The fan clnd t rar~srnfssion a r e  practi~dlly idcnt.icd1 

t o  t h e i r  f u l l  scale operational e o u t ~ t e r p a r t s  thereby t l t ~ r ~ ~ o n s t r a t i n ?  the 
new fea tu res  a t  f u l l  scdl e but a v o i d  i r lg  t t~t? rcqu irtlr,ler~t for cnyint? dwel opment 
a t  the demo!istrator stage. 



3.0 PART I - NAVOPERATSONAL AIRCRAl._i: ., 
As par t  of t h e  N A V Y ' S  control o f  the sea, f ive  V/STOL a i r c r a f t  n~iss ions  
were fonnul ated.  These ranged from aer ia l  surveil lance t o  transport  
opera t ion ,  Specif ica l ly ,  the missions are:  

A ,  Surface Attack (SA) - sea control 111ission. Patrol f o r  2 huurbs 
a t  20,000 f e e t  a t  a radius of  300 n.111i. a r ~ i ~ r d  with 2 harpuul~s 

and 2 AIM-9 missi les .  

0,  Antisubmarine (ASW) - Patrol a t  10,000 f e e t  f o r  4 hours a t  a radius 
o f  150 n,mi. armed w i t h  2 blK-46 torpedoes and 50 sonobuoys. 

C. V e r t i c a l  Onboard Del ivery ( V O D )  - Del i v e r  50017 I bs. o f  payload 
2000 n . ~ ~ l i ,  

D. Surveillance - Patrol a t  25,000 feet for 4 hours a t  a radius of 
75 n.mi . carrying surveil lance avionics. 

E. Cornbat ( s t r i ke )  Search and Rescue (CSAR) - Accompany s t r i k e  a i r c r a f t  
and perform the search and rescue as required. 

Coniplete nrission ground rules are g iven  i n  Appendix A. 

V/STOL Aircraft were designed f o r  each mission. The point designs were 
then compared to  f ind the  best mul t i t~~iss ion a i rplane and t o  determine t h e  
mission compromises such a concept would entai 1 , 



3.1 P o i n t  DesSgn A i r c r a f t  

The p o i n t  des ign  a i r c r a f t  were con f i gu red  t o  per fo rm the f i v e  m iss ions .  

A  developnient o f  an e x i s t i n g  engine ( D e t r o i t  D i e s e l  A1 1  i s o n  T70f ) and 

62 inch diatr ieter v a r i a b l e  p i t c h  fans were used on a l l  a i r p l a n e s .  They 

a l l  had t h r e e  fans (one 1 i f t / f a n  and two l i f t l c r u i s e  f ans ) ,  and a1 1 bu t  

t h e  VOD used two engines. The VOD needed th ree .  

The P o i n t  Design c o n f i g u r a t i o n s  and the drag  p o l a r s  f o r  each a re  shown 

on F igures  3.1-1 t o  3,1-12. A  con~par ison o f  these c o n f i g u r a t i o n s  i s  

shown i n  F i g u r e  1.0-3, M i s s i o n  and weight  sut~\~nar ies o f  these a i r p l a n e s  

a re  shown on Tables 3,142 and 3 .1 -3 .  

The S t a t i c  t h r u s t  a v a i l a b l e  ( a t  t h i s  p o i n t  i n  t h e  study) a t  sea l e v e l  

on a  9 0 ' ~  day was: 

2 Engines/3 Fans; Thrust = 34,000 lbs .  

1  Engine/3 Fans; Contingeticy Ra t ing  Thrus t  = 24,5.00 Ibs .  

The i n s t a l  1  ed c r u i s e  performance used i n  c a l c u l a t i n g  t h e  performance c~f 

these des igns  i s  presented i n  Appendix R. Performance, o the r  than 

s t a t i c ,  i s  based on pa rame t r i c  da ta  froni Harnil ton-Standard.  The Hami l ton-  

Standard es t imate  o f  i n s t a l l a t i o n  losses  i s  o p t i m i s t i c .  T h i s  balances 

t he  very conserva t i ve  c o r e  performance used. The i n s t a l l e d  da ta  shown 

on ~ i g u r e s  0-1 t o  B-10 were used as i n s t a l l e d  performance w i t h  f u e l  f l o w  

increased 5% t o  account f o r  service t o l e rance  inc luded.  

The t o t a l  i n s t a l l e d  power r e q u i r e d  i s  dominated by t h e  s h o r t  takeoff2 and 

v e r t i c a l  l a n d i n g  requi rements .  There a re  t h r e e  low speed c o n d i t i o n s  which 

can d e f i n e  t h e  t o t a l  t h r u s t  requ i red .  These are: (1  ) s h o r t  t a k e a f f ,  

t h r u s t  we igh t  r a t i o  (F/W) l e s s  than one; ( 2 )  i , i i ss ion  end v e r t i c a l  l and ing ,  

F/W = 1.05; and (3 )  emergency weight,  (engine o u t )  v e r t i c a l  l and ing ,  

F/W = 1.0. In a l l  cases, t h e  engine o u t  v e r t i c a l  l and ing  i s  c r i t i c a l .  The 
elncrgency weight  i s  the we igh t  t h a t  can be a t t a i n e d  a f t e r  j e t t i s o n  o f  

r e l e i l sab le  payload, T h i s  c o n d i l i o ~  ca? be s a t i s f i e d  w i t h  one o r  two engines 

f o r  a l l  t h e  miss ions  except  VOd. The VOD emergency we igh t  i s  high because 

of t h e  l a r g e  fuselage and non-re1 easable cha rac te r  o f  t h e  payload. 



The ant isubniar ine des ign,  concep tua l l y  s i t ~ l i l a r  t o  t he  SA, i s  shown 

on F igu re  3.1-3. I t  has a 310 ft2 of wing. Performs t h e  m iss i on  
f rom a GW o f  37,750 l b s .  w i t h  a s h o r t  takeoff  ground roll l e s s  than  
400 f e e t  i n  a 10K wind. The eniergency weight  i s  equal t o  t h e  cniergency 

t h r u s t .  Th is  c o n d i t i o n  was t h e  c r i t e r i o n  f o r  the  s e l e c t i o n  o f  t h e  

f a n  d iameter .  Its drag  p o l a r  i s  i n  F i gu re  3.1-4, 

The t h r e e  engine VOD i s  an a n o ~ l ~ a l y  i n  t h a t  t h e  emergency gross weight  

111ust be achieved w i t h  f u l l  payload. The t h i r d  engine, for  use o n l y  du r i ng  

t a k e o f f  and l and ing , i s  beneath t h e  f l o o r  o f  t h e  c o c k p i t ,  F i gu re  3.1-5. 

The s h a f t  r o u t i n g  is  a l s o  d i f f e r e n t  f ro in  t h e  other  a i r c r a f t .  A schematic 

i s  shown i n  F igu re  3.1-6. The "T" box i s  l o c a t e d  a s y m e t r i c a l l y ;  from 
the 'IT" box t h e  s h a f t  descends a long  the  cab in  w a l l  below the f l o o r .  An 
e x t r a  gearbox i s  used t o  turn the  s h a f t  forward, under t h e  f l o o r ,  t,o t he  

f r o n t  fan. The e f f e c t  on the cabin arrangement i s  shown i n  F i gu re  3.1-7, 

The t r in~nied drag p o l a r  i s  shown i n  F i gu re  3+1-8.  

The surve i  1  lance  a i r p l a n e  f ea tu res  a  r e t r a c t a b l e  r ada r  under t h e  fuse1 age 

( F i g u r e  3,l-9). A 12 ft. diameter system was used. The a i r p l a n e  has 
2 265 f t  o f  wing; performs t h e  m i ss i on  f rom takeo+r f  gross we igh t  o f  32,220 1b5. 

which i s  a F/W 1.05. Th is  i s  s u f f i c i e n t  f o r  a , t e r t i ca l  t a k e o f f ,  The 

d rag  p o l a r  i s  i n  F i g u r e  3.1-10. 

The CSAR ve rs i on  i s  shown i n  F igu re  3.1-11. Its  p o l a r  i s  i n  F i gu re  3.1-12. 

The cabin ,  f o r  rescue operat ions,  i s  encumbered w i t h  a s h a f t  bulge, l i k e  
c u r r e n t  automobi les.  I t  p ~ r f o r r n s  t h e  m i ss i on  f r om a  v e r t i c a l  t akeo f f  w i th  

2 F/W = 1.07. I t  has a wing area of 270 f t  . 

The f i v e  p o i n t  des igns  are compared on Tables 3.1-2 and 3.1-3. It i s  

apparen t  t h a t  t h e  ASW n i iss ion i s  t h e  niost s t r i n g e n t  f o r  the  two engine 

a i r p l a n e s .  A l l  t h e  o t h e r  n ~ i s s i o n s  a r e  performed f rom a v e r t i c a l  t a k ~ o f f ;  

o n l y  the ASW needs a s h o r t  ground run .  On t h i s  bas i s  t h e  ASW c o n f i g u r a t i o n  

was used a t  t h e  b a s i s  f o r  t h e  mu l t i t n i s s i on  a i r p l a n e .  



Wing area 310 ft2 
Emergency we~ght 24 500 1b 
Mission GW 37 750 Ib 

Figure 3.7-I.-Point Design, Three Fan Two Engine AS W Airplane, LCFA-728 



Figure 3. I-2.-Trimmed Drag Polar LCFA 1041-128 {AS W) 



Wing area 265 ft2 
Emergency weight 24 420 Ib 
Mission GW 32 220 Ib 

Figure 3.1-3.-Surveillance Airplane, LCFA- 729 



I INCLUDES 12 FT. DIAMETER 
SEARCH RADAR I 

Figure 3.1-4,-Trimmed Drag Polar LCFA 7047-1 29 (Surveillance) 



Wing area 350 ft2 

Emergency weight 30 300 lb 
Mission GW 42 300 Ib 

Figure 3.1 -5.-VOD Airplane, Three Engines, LCFA- 130 



Figure 3.7 -6.-VOD Three Engine Transmission 

Cross shaft beuel set 



Can 

Load- 
masrer -, 

Seating Arrangement 

Entry 24 in. x 48 in. 24 rn. x 24 I. . 
Escape 
hatch 

Figure 3.7-7.-VOD Airplane, Cabin Arrangement 



REFERENCE 
REFERENCE 

AREA 
ALTI TU GE 

0 .01 -02 .03 .04 -05 .06 -07 .08 
DRAG COEFFICIENT -- CD 

Figure 3. I-&?.-Trimmed Drag Polar LCFA 7047-130 (VOD) 



Wing area 250 - :* 
Emergency weight 20 180 lb 
Mission GW 30 350 Ib 
Miss~on T.0.-FIW = 1.12 

16.9 f r  

- (.,,,ef I":/- 
1 5 - 1  
/- 

Figure 3.7-9.-Surface Attack Airplane. LCFA-131 



TRIMMED DRAG POLAR 

LCFA 1041-131 (SA) 

I INCLUDES 2 HARPOON 
AND 2 AMI-9 MISSILES 1 

DP!G CCEFFICIEIiT - Cg 
Figure 3.1-10 -Trimmed Drag Polar LCFA 1047 -13 7 ISA) 



Wing area 270 f i  
Emergency weight 23 090 :b  
Mission G1V 31 730 1b 

- 48 0 *t 

Figure 3.7- I I.-CSAR, LCFA-132 



INCLUDES 2 A I M - 9  MISSILES AND 
24 INCH D I A M  M I N I  GUN TURRET. 

,8 

, 7  
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, 4  
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- MACH = -60 
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- 
REFERENCE AREA 265 FT.' 
REFERENCE ALTITUDE = 30,000 FT. 

- 

I 

I - I 

I I I I I I I J 
0 .01 .02 -03 .04 .05 .06 .07 .08 

DRAG COEFFICIENT-Cg 

Figure 3,? - 12.-Trimmed Drag Polar LCFA 104 1-132 (CSAR) 
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Table 3.1-2.-LCFA Configurations-Point Design Mission Summaries 

Notes: 

W/S ;= 120 1blft2 
Standard day 
Advanced DDA T701 engines!VP fans 

I .  VOD canfiguration (3 engines) 
2. Mission calculations include 550 SFC tolerance 
3. Ali mission fuel carried internalIv 

Mission 
FW 

0.9 

1 .a5 

- 

1.12 

1.07 

Mission 
GW 

37750 

32220 

42300 

30350 

31730 

hlission fuel 

1 '1430 

8800 

13000 

8630 

8830 

Mission/ 
configuration number 

ASWI-128 

Surveillance/-1 29 

VOD/-730 

OEW 

23500 

23420 

23300 

19180 

22090 

(L!DImax 

1 f .82 (M = 0.6) 

10.34 (M = 0.61 

1 1.45 (M = 0.6) 

Shving (ft2) 

31 0 

265 

350 

(MILiD)),,x 

8.45 [M = C.75) 

7.01 (M = 0.71 

8.18 (M = 0.75) 

6.80 (h'l = 0.751 

7.45 (M = 0.75) 

SA/-131 

CSARI-132 
& 

9.79 (M = 0.6) 

265 10.58 (M = 0.6) 



Table 3. I-3.-Point Design Weight Summary, Mission-Sized Airplanes 
- 

1.CFA 130 
-.-- .. - 

VOI) 

71 ? r l r l  
5 O [ J O  

1 2  c~nn 
42 300 

30 300 
350 

Conf~!lulatiorr .." - 
Misqion 

Opl!tiltitl~~ wr!i!llit, 111 
l ' i ~ ~ [ ~ d ~ l ,  ll> 
Fuel, I ~ J  
M~ssiou grass wciqlil, II) 
Mission TOO., F / W  
Emerqcrrcy l i t ~ ~ d i ~ g  wlliqlit, lb 
W~rlg a m ,  I t  2 

Lifl /Cr~i~se far1 t l i i ~ m c l ~ ~ ,  in. 

LCFA-128 

ASW 

23 5UO 
2 820 

11 130 
31 750 

0.9 
24 500 

112 L ~ i p _ I  ~g . . . . . . . . . -- - .- -- . 

- -. 

LCFA.13? 
-- . --.-- -- 

CSA R 

2% 0!10 
810 

8 83[) 
31 13fl 

t .07 
23 n90 

2!rO j 206 

LCFA.137 
. - - -. - .- 

S A 

19 l H [ )  
2 540 
8 G30 

50 360 
1.12 

211 180 
2fi5 

LCFA.179 
. .- -.-A 

6lJRV 

23 470 
0 

8 800 
32 770 

I .(I5 
24 470 



3 .2  Mu l t i -M i ss i on  A i r c r a f t  

Comparison o f  the p o i n t  desl'gns f rom t h e  s tandpo in t  of: ernergency weight ,  

and m iss i on  weight and payload l e d  t o  s e l e c t i o n  o f  t h e  ASW as t h e  bas i s  

f o r  t h e  mu1 t i - m i s s i o n  a i r p l a n e ,  Model 1041 -128 was renamed 1041 -133-1, and 

became the ASN vers ion  o f  t he  mu1 t i - n l i s s i o n  a i r p l ane .  For convenience 

the other vers ions o f  the mu1 t i -pu rpose  a i r p l a n e  were g iven  dash numbers 
on t h e  1041-133 des igna t ion :  

Ant isubmarine (ASII )  1041 -133-1 

S u r v e i l  lance 1041 -1 33-2 

V e r t i c a l  Onboard Oel i v e r y  (VOD) - 3 

Sur face A t tack  (SA) -4 

Combat ( S t r i k e )  Search & Rescue (CSAR) -5 

The mu1 t i - n i s s i o n  a i r p l a n e  concept i s  conce'ived a s  be ing a s i n g l e  a i r p l a n e  

design w i t h  o n l y  minor changes which a r e  r e q u i r e d  by t h e  d i f f e r e n t  m i ss i on  

ro l es .  Except f o r  t h e  VOD a i r p l a n e ,  t h e  same wing, f l i g h t  deck, p ropu l s i on  

and c o n t r o l  system w i l l  be used f o r  a l l  t he  models. 

As a r e s u l t  o f  con t i nu i ng  des ign and ana l ys i s ,  t he  weights  and t h r u s t  

used f o r  t h e  mu l t i -m i ss i on  a i r p l a n e s  a r e  s l i g h t l y  d i f f e r e n t  f rom t h e  

p o i n t  des igns.  For example, t h e  p o i n t  des ign ASW (-128) a i r p l a n e  had a  

m iss ion  GW o f  37,750 Ibs ;  t h e  m u l t i - m i s s i o n  ASW (-133-1) has a m i ss i on  GW 

o f  38,390 1 bs. The maximum eniergency t h r u s t  f o r  the two engine a i r p l a n e ,  

is 25,300 7bs .  That i s  a f t e r  an engine f a i l u r e  w i t h  one engine d r i v i n g  t h r e e  

fans. For the VOD, t w o  engines d r i v i n g  t h r e e  fans  a f t e r  an engine ou t ,  

the  emergency t h r u s t  i s  39,400 1  bs. Th i s  performance became a v a i  1  a b l e  

i n  June 1975. The performance o f  t h e  m u l t i - m i s s i o n  a i r c r a f t  was mod i f ied  

t o  account f o r  the d i f f e rences .  The da ta  i s  i n  Appendix 8. 

3.2.1 Mu l t i -M i ss i on  Summary 

A summary o f  t he  f i v e  mu1 t i - m i s s i o n  a i r p l a n e s  i s  presented t o  show the 
o v e r a l l  c a p a b i l i t y  of t h e  system. A more d e t a i l e d  d e s c r i p t i o n  o f  the ASW 

ve rs i on  i s  presented i n  Sec t ion  3.3 and represen ts  t h e  e n t i r e  f a m i l y .  

A comparison o f  the a i r p l a n e s  i n  t h e  d i f f e r e n t  r o l e s  i s  shown i n  

l a b l e  3.2-1. 



Table 3.2-1.-Multimlssion Aircraft Comparison 

Fat'in, Di~meter  =- 62 ill. Wing A r ~ s  .'I 10 1 t2 
.~--.-- 

lll.ll.133-5 
. 

S AR 

2 

tGl4 

Airplane 

Mission 

No. of engines 

Wcttcd area, f t 2 

~ o d y :  ~o lumo ,  f t3 

Dcnsity, Ib/f~ 3 

1041.133,l 

AS W 

2 

1 G71 

934 I nF)O 931 931 

22.8 12.5 14.1 13.1 

1041-133-2 -- 
SURV 

2 

194 7 

3g08: , 

33 360 , Mission T.O. weight 

.--.- 

1041-133-3 --.-- 
VOD 

3 

1037 

42 520 

1041.133.4 
. . . - - . .-- 

SA 

2 

1674 

Mission T.O. FJW 1.02 1 1.01 

Sea tovcl 90" F rlap 



The a b i l i t y  t o  perform the s p e c i f i e d  m i ss i on  f rom a v e r t i c a l  t a k e o f f  i s  

a p p r o a c h ~ d  by a1 1 the  a i r c r a f t  except t h e  ASW which has a F/W = 0.89, 

On Table 3.2-2 t he  we igh t  f o r  t h e  f i v e  ve r s i ons  are summarized, The 

empty we igh t  c o s t  o f  u s i n g  a s i n g l e  wing area and fuse lage causes t h e  

s u r v e i l l a n c e  a i r p l a n e  t o  becorne the most c r i t l ' c a l  f rom an elilergency 

weight  s tandpoin t ;  i t  i s  s t i l l  w i t h i n  t h e  a v a i l a b l e  t h r u s t .  

3.2.2 Mu l t i -M i ss i on  Performance 

The performance and drag p o l a r s  o f  t h e  f i v e  ve rs ions  o f  t h e  m u l t i - m i s s i o n  

a i r c r a f t  a r e  presented i n  F igures  3.2-1 through 3.2-17. The ASW (1 041 -131 -1 ) 
was t he  base l i ne  a i r p l a n e .  Drag and we igh t  est i lnates of the  o t h e r  
f o u r  were taken as  increments  t o  t h e  ASW. The ASW th ree-v iew i s  shown 

on F igu re  3,2-1. The tr immed drag p o l a r ,  w i t hou t  e x t e r n a l  s t o res  f o r  the 
f o u r  two engine aircraft i s  shown i n  F i g u r e  3.2-2. The colnplete buf l d u p  

o f  ASW aerodynamics and performance i s  descr ibed i n  Sec t i on  3 .3 ,  

The s u r v e i l  l ance  a i r p l a n e  (1041 -133-2) t h r e e  v iew i s  i n  F i gu re  3.2-3. 

The drag increment due t o  t h e  rotodolne i s  shown on F i g u r e  3.2-4. The 

miss ion  performance i s  on F igu re  3 , 2 - 5 .  The m iss i on  F/W a t  T.O. i s  1.02 

a t  sea l e v e l  and 90 '~ .  It cou ld  be perforlned f rom a v e r t i c a l  t a k e o f f  w i t h  

a c c e l e r a t i o n  margin reduced from F/W = 1.05. The l e v e l  f l i g h t  envelope i s  

i n  F i g u r e  3.2-6. The e a r l y  drag r i s e  of t h e  rotodonie cause t h e  h i g h  

speed t o  be drag 1 i m i t e d  a t  M = . 

The VOO a i r p l a n e  (1041-133-3) three. v i e w  i s  i n  F i gu re  3 .2-7 .  The drag 
p o l a r  i s  shown i n  F i g u r e  3.2-8 and t h e  m iss i on  c a l c u l a t i o n  on F igu re  3.2-9. 

The f l i g h t  envelope i s  shown on F igu re  3.2-10. The m i s s i o n  t a k e o f f  F/W 

i s  1.01. Jus t  p o s s i b l e  f o r  VTO. 

The su r f ace  a t t a c k  (1047-133-4) t h r e e  v iew i s  i n  F i gu re  3.2-11. The drag 

increment  f o r  the e x t e r n a l  s t o res  i s  i n  F i gu re  3.2-12. M i ss i on  per forn~ance 

i n  F i gu re  3.2-13 w i th  VTO f rom an F/W = 1.09. The f l  i g h t  envelope i s  

i n  F i g u r e  3.2-14. 



The CSAR version (1041-133-5) i s  i n  Figure 3.2-15. There are no 
e x t e r n a l  stores so t h a t  the polar i n  Figure 3.2-2 a p p l i e s ,  The mission 
perfor~ndnce i s  i n  Figure 3.2-16. The i n i t i a l  takeo f f  is vertical a t  a 

F/W = 1.1. The f l i g h t  profile i s  shown i n  Figure 3-2-17. 



Table 3.2-2. -Multlmlssion Welgh t Summary 

'Includes wt!ight of c%xtr?rnal fealts. 

- 
Con frquratlorr 

-.- 
M~ssron 

Operat1119 w~lgl i t ,  1 1 1  
P ~ Y I O ~ ~ J ,  it) 
FUCI, lb 
Mlss~on grass w ~ ~ q t i t ,  I I )  
Erncrgrncy larrd~ncl wrlqht, t11 
Emcrgcncy thrust, It] 

133 1 
- -  

ASW 

73 60(7 
7 %11 I 

1 1  070' 
38 390 
74 500 
75 300 

133 rl 
.---- 

S A 

70 7811 
7 '110 
7 990 

31 350 
21 380 
25 300 

133 2 
--- 
S ~ J R V  

23 910 
o 

9 390 
33 360 
24 070 
25 300 

133 5 - --- 
CSAR 

21 GOO 
a10 

8 370 
30 I R O  
12 GOll 
75 300 

.- 
,,:I, 1 

-- 
V013 

21 400 
!I 000 

1 :r oqa 
4 ' 570 
3(1 11[1 
39 IU[) 

----- - .  



- 48.1 FT -1 
Figure 3.2- 7.-ASW Airplane, M ~ d e l  7d47-733-7 



LCFA CONFIGURATIONS if'41-133-7 (ASW) , - 7  3 3 - 4 ( 5 A ) ,  
-1 33-5(CSAR), -1 33-2 :SURVEILLANCE J 

WING REFERENCE AREA = 310 FT' 

REFERENCE ALTITUDE = 30000 FT 
EXTERNAL STORES OFF 

Figure 3.2-2.-Trimmed Drag Polar 



Figure 3.2-3.-Multimission Airplane Surveillance Role, Model 7041-733-2 



- - 

.5 .6 .? .8 .9 
MACH NO. 

Figure 3.2-4.-LCFA 133-2 Surveillance Rotodome and Support Strut Drag 
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* 5% SERVICE TOLERANCE THROUGHOUT 

Figure 3.2-5.-Mission Breakdown LCFA 104 1 - 133-2 (SurveillanceJ 

SEGMENT SPEED 

1) WARM-UP, TAKEOFF, 
ACCEL TO CLIMB SPEED 

2) CLIMB TO BCAV - 
3 )  CRUISE @ BCAV 

( IN IT IAL  ALTITUDE=32000 FT) 

4) LOITER @ 31000 FT 

a )  CLIMB TO BCAV 

5 )  CRUISE @ BCAV 
( IN IT IAL  ALTITUDE=37000 FT) 

6)  DESCEND TO SEA LEVEL 

7 )  LANDING ALLOWANCE 
AND RESEV AND RESERVE 

a )  10 MIN. LOITER @ S.L. 
-' 

b )  5% TOTAL I N I T I A L  FUEL 
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FIgure 3.2-6.-Performance Capability, Model 104 1 - 133-2 



Figure 3.2-7.-Multimission Airplane, VOC Role, 7047-133-3 



W l h l L  REFERENCE c\REFI = 310 F T ~  
REFERENCE ALTI'I'UDE = 35000 FT 

Figure 3,2-&-Trimmed Drag Polar LCFA Configuration: 133-3 (VOD) 
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* 5% SERVICE TOLERANCE THROUGHOUT 

S EGFI ENT 

1) WARM-UP, TAKEOFF, 
ACCEL. TO CLIMB SPEED 

2 )  CLII4B TO PCAV 

3 )  CRUISE @ BCAV 
( INITIAL ALTITUDE=29000 FT) 

4 )  DESCEk9 TO SEA LEVEL 

5 )  LANDING ALLOWANCE AND 
RESERVE 

a )  20 M I N .  LOITER 8 S . L .  

b )  55 TOTAL INITIAL FUEL 

Figure 3.2-9.-Mission Breakdown LCFA 134 1-133-3 (VOD) 
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I f l .  J: 3ti109 Lr!S 
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Figure 3.2-10.-Performance Capability, Model 1041-133-3 
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Figure 3.2-7 7 .-Multimission 

' i  ' 1 :  

1 -&-:::- --' - -4 .  
1 .  - : ; 1 . 

L;J c1-I - -' !- 

Airplane Attack Role, Model 104 7- 133-4 



Figure 3.2-12.-LCFA 133-4 (SA) External Store Drag 
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* 5% SERVICE TOL'RANCE THRO!JGHOUT 

Figurz 3.2-13.-Mission Breakdown LCFA 104 1 -  733-4 (SA) 
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7 )  CLIMB TO BCAV 

) CRUISE 8 BCAV 
( I N I T I A L  A L T I T U D E = 3 9 0 0 0  FT 

9 )  DESCEND TO SEA LEVEL 

10) LAI4DING ALLOWAIICE AND 
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b )  5% TOTAL I N I T I A L  FUEL 
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S.L.S. DAY ; \ 

WT. = 25300 LBS 

MAX. SPEED 

Figure 3.2- 14.-Pedormance Capability, !/lode1 704 1- 133-4 



Figure 3.2- 15.-Multimission Airplane CSAR Role, Model 104 1 - 7 33-5 



* 52 SERVICE TOLERANCE THROUGtiOUT 

Figure 3,2- 16.-Mission Breakdown LCFA 1041-133-5 (CSARJ 
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Figure 3.2- 17.-Performance Capability, Mode/ 104 1 -  133-5 



7 . 3  ASW A i rp l dne  Design, Model I041 -133-1 

The ASN airpltlnr '1s thn b r l s ~ l  i n b  des1 .g~ i s  clesc:rit)ed i n  sorne d e t a i l ,  
An i s o n l e t r i c  o f  t h i s  bds ic  t h d  cr;;~irle drrdntjcrnertt i s  shilwt~ on F i g u r c  1 . f r ? .  

The p ropu l s i on  systern i n s t a l  l d t , i on  i s  ctr~plitlsizcd. Edch clngino d r i v e s  

throt lgh an overrunning ilu t c h  i r i to  th f?  1  ii t / c ru i s e  ycarbax. T h i s  gearbox 

con ta ins  a reduction gear, which reduces enqinc I(PFZ t o  fan liPM 

(11,500 KPM t o  3,500 HPM) and  a riqht a n f ~ l ?  bcve l  s e t  which d i s t r i b u t u s  

I)owr!r t n  t he  c;ombint!r qt?iirbax o r  "T"  hox, l n t e r connec l i nq  s h a f t  speed 

i s  erl~ral t o  en:jinc sliuerl, A t  the "T "  11ox power i s  d i s t r i b u t e d  a s  rcquired 
t o  t h e  f r o n z  f i l n ,  where a bevel F C ~  re?dt~ces tht! speed back t o  fdn RIIM. A 

clutctl ar l jacent t o  t he  " T "  box d i sconnt.t..t..; t h e  f r o r l t  fan d u r i n g  conven t iona l  

f l i g h t .  Airplane accessories power is t aken  fro11.1 t he  r e a r  o f  tire "T" box. 

Thrus t  vec to r  control d u r i n g  V/STOL. ope ra t i on  i s  acl i ieved by r o t a t i n g  t h e  

l i f t / c r u i s e  f an  nacelles. The th rus t  vec to r  a n g l e  o f  the  nose f a n  i s  

f i x e d  15' forward o f  vertical ( h = 75'); i t s  magnitude i s  c o n t r o l  led w i t h  

f a n  p i t c h .  Dur ing V/STOL t r a n s i t i o n s  a s  the l i f t / c r u i s e  v e c t o r  i s  r o t a t e d  

and i t s  momenl: arm about  the c,q. chanqes, t h e  nose ,fan t h r u s t  i s  chanqed 

t o  ba l  ance t h e  sys tertl. 

Three l a r g e  b e n e f i t s  led t o  s e l e c t i o n  o f  t h r u s t  v e c t o r i n g  by n a c e l l e  

r o t a t i o n .  I n  a d d i t i o n  t o  rn in in~ iz ing  t h e  number o f  gearboxes and p e r m i t t i n g  

an aerodynamica l ly  clean engine-wing i n t e g r a t i o n ,  r o t a t i n g  the nacel l es  
prov ides  about 15" more v e r t i c a l  t h r u s t  dt t h e  1 i f t l c r u i s e  f a n  than  would 

o therw ise  be f l s s i i l l e  w i t h  t he  same enqines. 

Use o f  other p ropu l s i ve  arrangements ~ i a s  cons idered b u t  the performance 

advantdge o f  t he  selected arrangement ove r r i des  other cons ide ra t  ions. A 

con~par ison o f  a  r o t a t i n g  nacelle and t h r u s t  d e f l e c t i n g  nozzle  i s  shown 

i n  F i g u r e  3 . 3 . 1 .  

The r o t a t i n g  n a c e l l e  has t h e  engine p laced  behind t h e  fan .  The engine i s  

supercharged by the f a n  and a s i n q l e  gearbox connects : ? a  engine and fan  

and p rov ides  the  o u t p u t  for- t h e  i n t e r connec t  system. For s i n g l e  engine 

o p e r a t i o n  t h e  f a n  p ressure  r a t i a  o f  1 .73  supercharges t h e  engine f o r  about 

10;) more power. When bo th  engines are ope ra t i ng ,  the augmentat ion caused 

by supercharging i s  as  much as 2 0 . .  The nozz le  e f f i c i e n c y  i s  about  98A o f  
the i a e d i .  



Cruise 

Tilt engine 

3% 
Relative horsepower 1.00 
Nozzle 0.98 
Relaf~ve thrust 0.98 

Hover 

Reiat~:u horsepower 1 .OO 
Nozzle 0.98 
ReIa:;ve thrust 0.98 

' N 9  fan supercharqing. 

Tilt nozzle - 

Figure 3.3-7.-Propulsion Arrangements for Thrust Vectoring 



For the t i l t  nozz le  t h r u s t  d r f l c c t  ian system the  engine i s  separate 
fronr the f a n ,  Th i s  i s  necessary l o  kcep the p o i n t  o f  a c t i o n  o f  t h e  
v e r t i c a l  t h r u s t  v e c t o r  near t h e  winq t r d i l i n g  edge w i t hou t  c r e a t i n g  

an un favorab le  i n t e r f e r e n c e  c o n d i t i o n  by b l o c k i n g  the winrj and ~ C A L ~  

p ressu r i ng  the  cng i n @  w i t t t  t h e  fan. Tl~c weight  and cornplexity o f  two 

e x t r a  g e a r b o x e s  are r equ i r ed  by t h i s  separa t ion .  The supercharging 

a c t i o n  o f  the Fa i s  lost ,  r e s u l t i t ~ g  i n  about 10" less power than  would 

have been a v a i l a b l e  w i t h  sunercharging, In a d d i t i o n ,  a nozzle e f f i c i e n c y ,  

i n c l u d i n g  duc t  berid losses, approdching 95 ' rrtay be poss i  b l  r?. Thus, the 
t h r u s t  a v a i l a b l e  i s  85" o f  xhe i d e a l  w i t h  superchargjnq. 

3 . 3 . 1  Arra~~clement and Charac tc i - i s t i cs  (1041 -133-1 ) 

P ig .  3.3.1-1 shows t h e  q ~ n e r a l  arranqement of  Baeing Made1 1041 -133-1, 

m u l t i - n ~ i s s i o n  V/STOL a i r p l a n e  i n  i t s  ASW pale. I t  has a low wing, "TI' 

t a i l  and enqine pods ~llounted o t ~  t h e  a f t  body i n  an arranqement s i m i l a r  

t o  t h e  m a j o r i t y  o f  today 's  smal l  j e t  t r anspo r t s .  

The design i nco rpora tes  il nurnber o f  specla l f ea tu res  t o  s u i t  i t  for 

i t s  r o l e  as a s h i p  based V/STOL a i r c r a f t .  The most impo r tan t  

f e a t u r e  i s  the propul  s i o n  system. Two A1 1  i son advanced T701 turboshaf t 
engines d r i v e  t h r e e  Hamil ton-Standard v a r i a b l e  p i t c h  fans by means o f  

a n~echanical d r i v e  systern. 

The wings f o l d  j us t  outboard o f  t h e  engine pods. The planF3rm o f  t he  

a i r p l a n e  w i t h  wings f o l d e d  i s  s l i g h t l y  sntal l e r  than t h a t  o f  t h e  A-7.  
I t  i s  t h e r e f o r e  assumed t h a t  the  s p o t t i n g  f a c t o r  r e l a t i v e  t o  t h e  A-7 i s  

1.0 o r  s l i g h t l y  less .  !:igure 3.3.1-2 shows t h e  p lanforms o f  t h e  two 

a i r p l a n e s  superimposed. 

The landirry gear i s  a conven t iona l  t r i c y c l e  arrangement. The main gear 

a t taches  t o  t h e  wing f o l d  r i b  and r e t r a c t s  outboard.  The nose gear 

r e t r a c t s  a f t  under t h e  c o c k p i t  f l o o r .  



Nacelle pivot and cowl details 

Wing area = 310 ft2 
Aspect ratio = 5.5 
Taper ratio - 0.5 
Th~ckness ratio root = 0.15 

0.1 0 

.- 

lL-..- -&:- . - . .-. 
' ~ S G L  - __ I--.- 

I -12.6 i t  - EGL 

Figure 3.3.7-7.-General A- - 7ent. Model 7041-133 



Figure 3.3. I-2.-Spotting Comparison 



3 . 3 . 2  Internal Arrangett~cnt (1 041 -1 33-1 ) 

The i n t e r i o r  arrangement of t h e  a i r p l a n e  i s  shown by F igu re  3 . 3 , 2 - 1 .  

A f o u r  man crew cab i s  p rov ided .  Each crew s t a t i o n  i s  equipped w i t h  a 

zero-zero e j e c t i o n  sedt. A h igh  v i s i b i l i t y  f u l l  bubb le  canopy i s  

prov ided f o r  t h e  p i l o t  and c o - p i l o t  w i t h  n e a r l y  s t r a i g h t  down v i s i b i l i t y  

over  t h e  side, Large t r anspa ren t  areas i n  t h e  hatches f o r  t h e  two 

a f t  s t a t i o n s  p rov ide  nraxi~l~urn use o f  v i  s u a l  o b s e r v a t i a ~ ~ .  

Avion,i,s i s  l o ca ted  i n  t h e  nose f o r w i r d  ~f t i l e  nose fan. Access i s  from 
t h e  bottom th rough  a  l a r q e  ha tch .  The volume o f  t h i s  compartment n o t  

i n c l u d i n g  t h e  radomc i s  46 c!r,  f t ,  Fuel  i s  l oca ted  i n  t h e  wing inboard  

o f  t h e  f o l d  and i n  f o u r  body tanks. The main body tank  i s  loca ted  

abbve t h e  wing box and  occupies t he  e n t i r e  bay between t he  f r o n t  and 

r e a r  spdr bul kheads. A fo rward  body tank i s  located j u s t  fo rward  o f  t h e  

f r o n t  spar and below t h e  a f t  crew s t a t i o n s .  Two a f t  body tanks a r e  

loca ted  a f t  o f  t he  r e a r  spar on e i t h e r  s i d e  o f  t he  sonobuoy bay. The 

t o t a l  i n t e r n a l  f u e l  c a p a c i t y  i s  11,400 l b s .  

Av ion ics  systems a r e  based upon t h e  ASW Payload Summary f rom t h ~  

Medium VTOL Systetns Ana lys is  Study as suggested i n  Attachment I 1  o f  t h e  

c o n t r a c t  work statement. No m i ss i on  scenar io  analyses o r  a v i o n i c  

requirements analyses were conducted by  The Boeing Company f o r  t h i s  

study. It i s  assullied t h a t  t h i s  a v i o n i c s  s u i t e ,  weights ,  and e l e ~ ~ ~ e n t s  

a re  c o n s i s t e n t  w i t h  a 1985 ASW a p p l i c a t i o n .  

The 50 sonobuoy c a p a c i t y  bay i s  l o ca ted  on t h e  body cen te r1  i n e  a f t  o f  

t h e  wing c a r r y  through box. A r e t r a c t a b l e  mad boom i s  1 ocated i n  t h e  body 

t a i l  cone j u s t  a f t  o f  t h e  sonobuoys. 

The a i r p l a n e  accessory power components, two AC generators ,  t w i n  

h y d r a u l i c  pumps and cab in  p r e s s u r i z a t i o n  and c o o l i n g  conipressor occupy 

t h e  volunre a f t  of t h e  sonobuoy ba; snd below t he  Pan d r i v e  "T" box. 



Sonobuoy launch tube 
Fan drive shaft 

Radar antenna 

Plan View 

Center body fuel tank 

0; shaft-driven airplane 

Lift farrdr~ve shaft 

Radar antenna 

Profile View 

extended 

f i e c t r i c a d  \weapon rack I2 places! lrefl  

Figure 3.3.2-I.-Inboard Profile of Model 704 1- 133-7 ASW Airplane 



Figure 3.3 .2-2  shows the  d i s t r i b u t i o n  o f  body volume. The g ross  volunje 
inc ludes the nace l l e l body  f a i r i n g s ,  The p r i n c i l ~ d l  con ten ts  o f  t h e  body 

and t h e  vof u~ne f o r  each ( i n s t a l l e d )  i s  i nd i ca ted ,  Av ion ics  volume does 

n o t  i n c l u d e  c o n t r o l s  and d i s p l a y s  i n  t h e  cockp i t s ;  t h a t  volume i s  

i nc luded  i n  the  c o c k p i t  volume. The a v i o n i c s  volume (4G f t 3 )  i s  obtair led 
3 by applying a d e t s i t y  o f  35 1 bs/ f  t t o  a  weight  o f  l G O O  l b s .  D r i v e  

system volurne inc ludes  a1 "I s h a f t s  and gear boxes i n  t h e  body and a i r p l a n e  

accessor ies ,  i . e. , y i - ~ ~ ~ r a t o r s  and hydraul i c  putnps . The remain ing e l e c t r i c a l  

and hydrau l  ic /pneunlat ic sys t c~n  a r e  assumed t o  have d e n s i t i e s  o f  50 and 

25 I b s / f t 3  respec t i ve1  y. The o t h e r  v o l  u~r~es  were ob ta ined  by measurenent . 
Table 3.3.2-1 i temizes  t h e  body volutne and contents ,  as i n s t a l l e d .  The 

t o t a l  r e q u i r e d  volume i s  about  213 o f  the t o t a l  body v o l u ~ l ~ e  a v a i l a b l e .  

Growth or a r educ t i on  i n  body vo l~tme are poss ib l e .  Tlie o v e r a l l  d e n s i t y  

o f  t h e  body and con ten ts  i s  23 1 b s / f t 3 .  

A " s t r a i g h t  through" d r i v e  s h a f t  connects t h e  nose f a n  t o  t h e  "T" box. 

The sha f t  passes th rough  a  t l tnne l  i n  t h e  lower  p a r t  o f  t h e  a f t  crew s t a t i o n .  

An a l t e r n a t e  arrangement us i ng  an a d d i t i o n a l  gearbox i s  shown by 

F igure 3 . 3 . 2 - 3 .  Th is  arrangement would reduce i n t r u s i o n  i n t o  the c a b i n  

a t  t h e  p r i c e  o f  the  we igh t  and complex i t y  o f  the  a d d i t i o n a l  gearbox. The 
s h a f t  e lements are i d e n t i c a l  f o r  bo th  arrangements. 

3.3.3 Aerodynamic C h a r a c t e r i s t i c s  (1 041-133-1 ) 

3.3.3.1 L i f t  and Drag Data 

The b a s i c  1041-133 (ASW) aerodynamic c h a r a c t e r i s t i c s  a r e  presented i n  

Table 3 . 3 . 3 - ;  and F i g s .  3 . 3 + 3 - 1  t o  -8. Table.  3.3.3-1 i s  a  d e t a i l e d  breakaown 

of l i f t  independent d rag .  Po la r  shape (F igure  3.3.3-2, r e s u l t s  i n  an 

(L/D) ~naximutn of 11.9. Trinlmed oswald e f f i c i e n c y  a t  the l o i t e r  c o n d i t i o n  

i s  shown i n  F igure  3.3.3-3 as  0.87. 

E u f f e t  onse t  l i f t  c o e f f i c i e n t  i s  presented i n  F i gu re  3 . 3 . 3 - 4 .  The curve  

i s  based on YC-14 RMS r o o t  bending divergence, f o r  Mach numbers i n  

excess o f  0.50, and on break i n  1  i n e a r i t y  o f  the 1  i f t  cu rve  a t  l ower  

speeds. Maximum usab le  1 i ft c o e f f i c i e n t  i s  f e l t  t o  be beyond t h e  scope 

of the c u r r e n t  a n a l y s i s  and w i l l  r e q u i r e  t e s t i n g .  



Tabla 3.3.2-7.-Body Volume Buildup, Model 704 1-133- 1 

I ten1 - 
Fon~ard Cockp i t  

A f t  Cockpi t  

Avionics 

Radon~! 

Nose Fan 

Nose Landing Gear 

D r i v e  System 

Hydraul i c/Pneumatic System 

Electr ical  Sys tern 

Sanobuoys 

Mad Boorn 

Torpedo Racks 

Air Condi t i o n i  ng Pack 

Oxygen System 

Fue 1 

Structure 

Unused 

Volume, Fi: 3 

TOTAL 



80 1 2 3  160 200 240 280 320 360 400 440 380 520 560 E M  649 

Body szatron. in 

Figure 3.3.2-2.-Area Distribution, Model 104 1 - i33- 7 
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Figure 3.3.2-3.-Alternate Fan Drive System. Model 7041-733-7 (ASW Airplane) 



Ttlble 3.3.3-7.-Drag Summary Nonlilt Dop~ndont 

SKIN FRICTION 
WING 
800Y 
VERTICAL TAIL  
H O R I Z .  T A I L  
NACELLES 

SOB TOTAL 

FORM DRAG 

WING 
BODY 
VERTICAL T A I L  
HORIZ. TAIL  
NACELLES 

SUB TOTAL 

INTERFERENCE DRAG -. - 
W INS-BODY ,0003 5 
HORIZ .  -VERTICAL ,00005 
NACELLE BODY ,00327 

-4 

SUB TOTAL ,00367 

EXCRESCENCE EVA 

MISCELLAfiEOUS 

CANOPY 
TAIL  SKID 
MAD BOOM 
FRONT FAN LOUVER DOORS 
SONODUOY ROUGHNESZ 
TORPEDOES (2) 
AIR DATA PROBE 
UHF/ IFF ANTENNAS (2) 
FUEL TAEIK VENTS ( 4 )  
BEACON (1) 

SUB TOTAL 

TOTAL ,0284 1 



Figure 3.3.3- 1.-Reynolds Number Skin Friction Corre;. tl.ln 104 1 - 133- 1 (AS W) 
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Figure 3.3.3-2.-Drag Breakdown 104 1-733- 1 (ASW) 
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Figure 3.3.3-7.-Trimmed Drag Pdar 104 1- 133-1 (AS W) 
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Figure 3.3.3-8.-V/STOL Configuration Polar 1041-133-1 (ASW) Out of Ground Effect 



The re lna in ins cha rac te r i s~ t ; i c s ;  1  i f t  curve  slope, zero I i f t  ang le  o f  

a t t ack  and s t o r e  drag are  shown i n  F i gu res  3 , 3 . 3 - 5  th rough  3,7.3-6, 

Tritiinied p o l a r s  f o r  t h e  c r u i s e  and ST0 c o n f i g u r a t i o n s ,  o u t  O F  ground 

ef fect ,  a r e  presented i n  F igures 3.3.3-7 and 3.3,3-8 r e s p e c t i v e l y .  

Ground e f f e c t s ,  f o r  c o n f i g u r a t i o n s  where t h e  t h r u s t  i s  de f lec ted  s i m i l a r  

t o  t he  -133-1 (AS\{ ) ,  a r e  h i g h l y  c o l t f i g u r a t i o n  dependen+ and a re  b e s t  

obta ined by t e s t .  S ince  ST0 l i f t o f f  speeds a r e  so l r .  ,,he performance 

impact o f  neg lec t i ng  ground e f f e c t s  w i l l  be smal l  and have been assumed 

so, It should  be no ted  t h a t  no c r e d i t  has been taken f o r  b e n e f i c i a l  

induced l ift due t o  j e t  induced downwash a t  the  wing t r a i l i n g  edge. 

VTOl ground e f f e c t  has been es t imated  as being n e u t r a l  tu f avo rab le  

and w i l l  r e q u i r e  t e s t  v e r i f i c a t i o n .  See Appendix C f o r  f u r t h e r  d iscuss ion .  

3.3.3.2 Performance, Model 1041 -133-1 ASW 

The ASM a i r p l a n e  m iss i on  requi rement  c a l l s  f o r  a 400 f o o t  t a k e o f f  i n  a 

10 kno t  wind; c r u i : ~  150 n,nic, then  f o u r  hours l o i t e r  a t  10,000 f e e t  and 

r e t u r n  t o  base. 

The s h o r t e s t  t a k e o f f  can be achieved by r o t a t i n g  t h e  nace l l es  toward 

v e r t i c a l  j u s t  a t  l i f t  o f f ;  however, t h i s  a i r p l a n e  can nieet t he  re.;uired 

goals w i t h o u t  n a c e l l e  r o t a t i o n ,  thus  p r o v i d i n g  ope ra t i ond l  s i m p l i c i t y .  

l i i e  t ime  h i s t o r y  o f  a  t a k e o f f  i n  which t he  engine tilt ang le  i s  he ld  

f i x e d  a t  h = 50' shown i n  F i gu re  3.3.3-9. Dur ing a c c e l e r a t i o n  t h e  nose 

f an  i s  engaged, bu t  i s  s e t  a t  f l a t  p i t c h  i n  o rder  t o  g e t  maximum t h r u s t  

f rom t h e  l i f t l c r u i s e  fans. K o t a t i o n  i s  i n i t i a t e d  5.5 sec, a f t e r  brake 

re lease  a t  a  speed o f  92 f t / s e c .  A t  7 .75  sec. t h e  a l r p l a n e  has r o t a t e d  

t o  o =  8' and l i f t o f f  occurs  a t  an  a i rspeed  o f  115 f t / s e c .  The l i f t o f f  
l i f t  c o e f f i c i e n t  o f  7.6 used i n  t h i s  c a l c u l a t i o n  i s  conse rva t i ve  i n  t h a t  

no c r e d i t  has been taken  f o r  induced aerodynamic e f f e c t s .  The t a k e o f f  

r un  i s  400 f o o t  an(! t h e  l o n g i t u d i n a l  a c c e l e r a t i o n  a t  l i - F t o f f  i s  ,103 g ' s ;  

tbis exceeds t he  requ i rement  o f  .065 g ' s .  The capab i l  i t y  o f  making an 

emergency v e r t i c a l  l a n d i n g  w i t h  one engine o u t  a t  a maximum s i n k  speed 

o f  15  f t / s e c  i s  assumed t o  be met if the  t h r u s t  and weight  a r e  equal .  Th i s  

requi rement  i s  exceeded by the  Model 1041-133 which has an emergency l a n d i n g  

weight o f  24,500 l b s .  and engine o u t  con t ingency  t h r u s t  o f  25,300 I b s .  
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Figure 3.3.3-9.-ST0 Time History, 104 1-733-1 (ASW) 



ST0 ---- Miss ion  - The ASW t ! i ission re~uirernent ualls for  a 150-mile rddius 
with 4 hours of loitf:r or] s t a t ion  ai; 10000 fL. Figure 3.3.3-10 presents 
the breakdown o f  the calculdtian o f  t h i s  ~ i ~ i s s i o n  i n  tarrns o f  speed, t i rno ,  
distance and fuel burtied f o r  each n~ission seqment. Tlie dirplane,  sized 

to  meet t h i s  ~niss ion,  has  a take0f. f  weight o f  38,394 lbs .  I n i t i a l  c ru i se  
a l t i t u d e  i s  33,000 f t .  a t  M = 0.75, The 4 hour l o i t e r  a t  10000 f t .  i s  

performed a t  M = 0.42. The t o t a l  f u e l  requircrl for  the tni ssion i s  11,914 Ibs.  
including l a n d i n g  allowance, reserves and a 5.: service tolerance on SFC 

throughout thc mission, 

VTO Mission - Althoi!gh water/alcohol augmentation i s  not a t  t h i s  time, ------ 
included in the  PD370-15 performance, the  potential of such an addition 

was exarulned. The addit ion o f  water/alcahol will substant ia l ly  increase 

the ve r t i c a l  takeoff capab i l i ty  and provide a useful VTO mission. Figure 

3.3.3-11 presents a breakdown for  t h i s  mission. The ' i ~ i t e r  t i e ~ e  i s  

3.16 hours. The F/W a t  takeoff i s  1.05. The th rus t  i s  3E,700 l b s . ,  and 

~llission weight i s  thus r e s t r i c t ed  t o  36,857 lbs.  The configuration requires 

390 Ibs .  o f  alcohol-water and 11b lbs .  of tank and plumbing, 

The re la t ionship  between radius and time on s ta t ion  i s  l i n e a r ,  The nlaximum 

mission r ad ius  w i t h  no l o i t e r  time i s  about 900 r 7 . n r i .  frorn a shor t  takeoff ,  

For a ver t ica l  takeoff the n~ission radius w i t h  no l o i t e r  i s  720 miles.  

Performance F1 iqht  Enve lope 

Figure 3 . 3 . 3 - 1 2  presents t h e  cru i se  cot~fiquration level f 1 i g h t  perforr,ianr;e 

envelope for standard d a y  conditions a t  an a i r p l a n e  weight sf 35,000 I bs. 
A t  t h i s  weight the a i r p l a n e  i s  capable of operation up t o  40,000 f t .  a l t i t u d e ,  

where i t  i s  b u f f e t  l'mited. The maximum Mach number, which i s  a l s o  buffet  
1 imi ted ,  exceeds .8 a t  a1 1 a l  t i t u d g  below 35,000 f e e t  t o  the a1 t i t ude  where 

t he  q 1 imit  nccurs. 

On the same f i g u r e  the V/STOL f l i g h t  modc envelope a t  abou t  26,000 pounds 

i s  shown. The overlap between the  two modes assures a good t r an s i t i on  

corridor.  
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Figure 3.3.3-10.-ST0 Mission Breakdown LCFA -704 7-733 (ASW) 
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Figure 3.3.3- 1 7.-VTO Mission Brzakdown LCFA 104 1 - 733- 1 (ASW) 
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Figure 3.3.3- 12.-Model 7041- 133 Flight Envelope 



Load Fac to r s  --. . - -- -- 
l4aximur11 aerodynamic 1  oad f ac to r s  a r e  presented i n  Tdhl e 3 . 3 , 3 - 2 ,  d t  

sea l e v e l  (M - 0.3) and 10,000 f t ,  (I4 = +G5 and ,835).  T e s t  d a t d  i s  

r e q u i r e d  f o r  an accurd te  assesslnent o f  maxirnum usab l e  l i f t ;  t h e  va lues  

used a r c  based on YC-14 vd lucs.  blaxilnuu~ susta ined lo l id  f , ~ c t c l r  i r ,  bdqierl 

on in te rmcr l ia te  t h r u s t .  A t  the combat c o n d i t i o n  (14 = . 65  a t  10,000 f t , )  

t h e  l o a d  f ac to r s  exceed 3.38. 

3.3.4, S t r u c t u r a l  C r i t e r i a  and Design (1 041 -133-1 ) 

The f l i q h t  speed a l t i t u d e  etrvelope i s  shown on F iy t r re  3.3.4-1.  The l e v e l  

f l  i q h t  maxitvutr %peed ( V H )  i s  sel  ccted t o  lnect t he  opera t iona l  r e q u i  r e m e t ~ t s  

f o r  t h e  ASW, s u r v e i l l a n c e  and s u r f a c e  attar:k m iss ions .  I t  i s  below the  

maxin~um speed a t t a i n a b l e  i n  l e v e l  f 1 i g h t .  Appropr ia te  r e s t r i c t i o n s  t o  

t h e  tnaxitriurn usable power i n  conven t iona l  f l  i g h t  w i l l  be imposed, AT a 

f l i g h t  d e s i g n  weight  o f  33,130 1 bs. a 1 irrlit p o s i t i v e  maneuvering l oad  

f a c t o r  o f  3 g ' s  i s  r e q u i r e d .  V-n diagram.; f o r  sea l e v e l  and 20,000 f e e t  

are shown on F igure  3 . 3 . 4 - 2 .  

The l o a d  s t r oke  requi rements  f o r  t h e  main l and ing  year ,  40,300 l b s ,  and 

20 i n .  a r e  based on a  s i n k  r a t e  of 1 5  f t / s e c  a t  the  des ign  l and ing  weight 

of 32,700 l b .  The lnaxirnum des ign we igh t  i s  t he  ST0 gross we igh t  which 

i s  38,390 'I bs, 

Advanced s t r u c t u r a l  m a t e r i a l s  wcre selected based on the r e s u l t s  o f  t he  

Advanced Transpar t  Technology Study, NASA Repor t  CR-112092. F u l l  depth 

g r a p h i t e  epoxy honeycomb was selected f o r  t he  empennage sur faces and 

engine f a n  cowls. S t i f f e n e d  g r a p h i t e  epoxy and g r a p h i t e  epoxy honeycomb 

ware se lec ted  f o r  t h e  wing sur faces and body s h e l l  r e s p e c t i v e l y .  The a71 

f l y i n g  s t a b i l i z e r  a t tachment  t o  t h e  f i n  and t h e  wing hinge a r e  o f  n l ~ l t a l  

c o n s t r u c t i o n .  Th i s  s t r u c t u r a l  concept i s  c o n s e r v a t i v e l y  e s t i m a t e d  t o  

r e s u l t  i n  a weight r educ t i on ,  compared t o  conven t iona l  meta l  s t r u c t u r e  of 



7 ~ m ~ x .  ~ ~ 1 s t  ' i ~ ~ t i i x ,  I J \ ~ I I I I ~ !  ' I ~ l i ~ f f u t  r,r~u!t 

M 0.3 at S.L. 1.52 1.5fi I .42  

M 0.65 at lOl< '  3.4 1 3.71 3.:3R 

V1 0.835 iil lOK' I 1 .OD :3, I b 2.Oti 
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Figure 3.3.4-I.-Structural Speed- Altitude Envelope 
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An important s t rueturdl  design d t ~ t r t i l  f o r  tlli s airplcine i 5 t he  ndcel  I e 

pivot support. Several cancepts have bcen considered, The selected 
one i s  shown on Figure 3 . 3 . 4 - 3 ,  

Fly-by-wire f an  pitch dnd throt t le  contr-01 s and fuel r ;bpp ly  a re  irllrodtli:cd 
t o  t h e  pivot s t ructure  as  shown s ~ h e a ~ a t i c d l l y  in I'ic~ure 3.3.4-4.  I t  i s  
of i n t e r e s t  t h r r t  orrce at tach~r~ent i s  lliilrle t o  the  p i v o t  b t ? d ~ ~ ~  the . 8 0 u t i n c ~  

fro111 t ha t  p o i n t  t o  the engine or  fan invnlvet; no r e l a t i v ~  lnotiori between 

the nacel le ,  t h e  pivot bearn a~ri l  tht! services invi l lved, By se lect ing t he  

m i d p o i n t  o f  the 11 0 degrei tb~r'ox f o r  a t t a c h m r t ~ ~ t ,  the e x t r a  loop materirtl 
and 1 en! t h  c:hanqe accarnrnadcti~~;~ i s  tiiinirni zed ,  Fue i 1 ine d i  amc te r  i s 1') inb;hes, 

Clearance i s  q u i t c  ddequale between the dr ive  s h a f t  and t h e  hcdm f o r  
s e r v i c e  routing, 

T h i s  short  tubular bed:!? d u d 1  hearing arrangement o f f e r s  advantages i n  weiqht 
and r~dundancy,  The shor t  load paths and low required i n s t a l l a t i on  volul~e 
r e s u l t  i n  s t ructura l  e f f i c iency  and low ins ta l l ed  weight. The dua l  bearings 
assure tile nacelle wi'll be retaincd even i f  one of the bearings .;l~n!!ld f d i l .  

A sect ion through the  outer bearing i s  show on Figure 3.3 .4 -5 ,  The s $ i i t  

outer race coristruction provides a dual s t ruc tu ra l  c a l ~ a J  I 1 i t y .  

3 . 3 . 5  Aircraf t  Systen~s 

Accessory Power -.- 

The prime power source fo r  t,he airplane dccessories i s  the ac-essory dr ige  
gearbox located a f t  of and  driven by t h e  transmission t e e  box. The accessory 
d r i v e  gearbox will dr ive  two 75 KbA integrated d r i v e  generators,  two 25 gpnl 

hydraulic pumps, one a i r  compressor, one tachometer and a lube pump. 

Engine/airplane performance i s  based an t h e  fo l  lowing accessory dr ive  
s h a f t  power extraction:  

Condition 

Norma 1 
Emergency 
Cruise and L o i t e r  

Design 

Shaft Horsepoer Extraction - --- - 

200 

2 3 

143 
450 



Figure 3.3-4-3.-General Structural Arrangement Engine Support and Rotation Mechanism 
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Fjgure 3.3.4-#.-Schematic of Services (Fuel, Electric, Bleed) to Pivot Beam 
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Figure 3.3,4-5.-Section Through Outer Bearing 



Provisions inti uded t o  reduce the  t o t a l  Power extract ion during 
emergency operation include e l ec t r i c a l  power reduction t o  essent ia l  
power (4200 w a t t s  for e lect ronics  and cont ro l )  and disconnect o f  

the a i r  compressor. 

Elect r ic  Power --- 
The e l ec t r i c a l  power supply consis ts  of two 75 KVA integrated d r ~ v e  
genera t o r s .  This provides two separate power systenls, A th i rd  backup 

power systetll i s  provided through the use of hydraul ic /e l  e c t r i c  power 
conversion uni ts .  A ba t tery  i s  ins ta l l ed  t o  provide essent ia l  power 
fo r  elnerqency bus fo r  ground c l leckout  and i n i t i a t i on  O F  engine s t a r t .  

Wraul - i c  Power 

Hydra~il i c  power i s  provided by two 4000 psi hydraul i c  punlps of 
approxiniately 20 'to 25 gpm each supplying an independent c i r c u i t  f o r  
operation o f  the f l i g h t  control and ai rplane u t i l i t y  systems. All 
fan blade angles and the exhaust deflect ion vanes o f  the cruise / l  i f t  
fans a r e  powered by the a i rplane hydraulic system. 

Star t ing System 

The s t a r t i ng  system will  provide f o r  independent engine s t a r t i ng .  En 
add i  t i an ,  thz  airplane weight allowances a re  su f f i c i en t  t o  support t h e  

i n s t a l l a t i on  o f  a re1 i ab le  in f l igh t  s t z r t  system, 

Environmental Control 

Aircraf t  pressurization wil l  be provided by an a i r  compressor driven by 

the accessory drive. Cool i n g  is provided by a conventional a i r  turbine 

u n i t .  Adeqhate airf low will be provided t o  meet cabin and e lect ronic  
conditioning requirements and windshield defogging. Provisions a r e  included 
t o  use ram a i r  vent i la t ion.  

Protective Systems 

The protective systems de ta i  1 ed requirern~nts hav2 not been establ i shed 
b u t  allowances are carr ied  in the weight statements. These include 
typi t a l l  y oxygen, ra in  removal , ant i  - ic ing,  smoke clearance and escape systems. 



Miss i cn  System Provis ions 

The miss ion equipment p r o v i s i o n s  are as fo l lows  : Av ion ics  a r e  1osat.ed 

i r r  the nose -Forward o f  t h e  nose f a n  and below t h e  p i l o t ' s  f l o o r  a f t  
o f  the nose f a n  on e i t h e r  s i d e  o f  t h e  nose wheel w e l l .  The retractable 
MAD boom i s  l o c a t e d  a f t  o f  t h e  sonobuoy conpartnlent, A 50 sonobouy 

capac i t y  bay i s  loca ted  a f t  o f  the wing c a r r y  through box. The bay i s  
t i 1  ted t o  ease load ing  and p r o v i d e  space f o r  t h e  f l a p  dr i ! te,  Ex te rna l  

body mounts i n c l u d e  p rov i s i ons  for two MK-46 torpedos f l u s h  moutited j u s t  
forward of the wing box on the l ower  body shoulders ,  Two wing at tachment 

p o i n t s  are i n c l uded  f o r  ex te rna l  f u e l  tanks.  

Fuel  System 

Fuel i s  l o c a t e d  i n  t h e  wing box inboard o f  t h e  f o l d  and i n  f o u r  body 
tanks. The main body tank i s  l oca ted  above t h e  wing box and occupies 

the e n t i r e  bay between t h e  front and rear  spar bulkheads, A forward 
body tank Js l o ca ted  j u s t  forward of the f r u n t  spar and below the  a f t  
crew s ta t i ons .  Two body tanks  a r e  l oca ted  a f t  of t he  rear spar  on e i t h e r  

s i d e  o f  the  sonobuoy bay. The weight i r lc ludes al lowance f o r  in f l  i g h t  r e f u e l i n g .  

Engine Bleed A i r  

Engine bleed a i l *  i s  not used on t h i s  air%plane, 



3.3.6 Propu 1 s i on  (1 041 -1 33-1 ) 

The engine ope ra t i ona l  requ i rements  a r e  de f i ned  by t h e  a i r p l a n e  ope ra t i ona l  

modes. The c r i t i c a l  engine s i z i n g  c o n d i t i o n s  i s  t h a t  vertical t h r u s t  
equals the weight  d u r i n g  hover w i t h  one engine it- ioperable. The elllergency 

weight has been de f ined  as opera t ing  weight  p l u s  1000 l b s ,  f u e l ,  

The requ irerrlents placed an a v d i l  a b i  1 ity o f  the propul  s i a n  system were: 

o The engine had t o  be i n  se r v i ce ,  i n  develop~r ik r~t ,  o r  a d e r i v a t i v e  o i  

one i n  se r v i ce  o r  deveiopmcnt. 

o The f a n  design was t o  have a f i r m  technology base c o n s i s t e n t  w i t h  

1OC 1905, 

Colllplete performance o f  t h e  p ropu l s i on  system is i n  Appendix B.  

U i n e  Avai l a b i l u  

During i n i t i a l  p ropu l s i on  system s tud ies ,  a rev iew o f  a v a i l a b l e  cand ida te  

tu rbosha f t  engines was condurtcd.  In! t i a l  engine sel e c t i o t i  s t ud ies  ant1 

a i r p l a n z  prel in l inary  des ign  s tud ies  i nvo l ved  severa l  i t e r a t i o n s  i n  mL?tchiri.r 

engine power ou tpu t  w i t h  t h r u s t  r e q u i r e d  t o  achiev? t h e  V/STOL m iss i on  

requirements.  

O f  t he  engines s tud ied  a g rowth  ve r s i on  o f  t h e  A l l i s o n  T701 (PD370-15) 

and a t u r b o s h a f t  engine based on t h e  G.E. FlOl core were considered. The 
power s i z e  and weight o f  these  engines are: 

I n t e rmed ia te  Weight Lenq t h Dia~neter  
LB I N  I N  

SLS !!OF 
A1 l i s o n  11,250 
PD 370-15 

GE F101 13,000 
(Modi f ied)  

The A 1  1 i s o n  7701 was developed i n  t he  HLH program. The T701 has s u c c e s s f u l l y  

completed a  FPFRT program and w i l l  be ava i l ab le  f o r  use i n  t h e  technology 

demonstrator.  The GE F107 core  w i t h  m o d i f i c a t i o n  t o  t h e  l ow  spool and 

t u r b i n e  o . f f e r s  another  source f o r  t h e  1935 ope ra t i ona l  a i r p l a n e .  The 

c u r r e n t  a p p l i c a t i o n s  o f  t h e  F107 core  a r e  for t h e  0-1 boaber and w i t h  CFM56 
C, 1 



commercial turbofan engine. E l  ther o f  these engines i n  con junc t f on  w i t h  

a v a r i a b l e  p i t c h  f a n  s a t i s f i e s  t h e  ope ra t i ona l  a i r p l a n e  requirements.  

Model 1041 -1 33-1 I n t eg ra ted  Propul s i on  System - 
The p ropu l s i on  system used c o n s i s t s  o f :  two A l l i s o n  engines, t h r e e  

Hamilton-Standard 62 i n c h  dial l ieter v a r i a b l e  p i t c h  fans,  w i t h  t h e  assoc ia ted  

gcar ing,  sha f t i ng  and c l u t ches ,  

Schelnat icat ly,  t h e  p ropu l s i on  system i s  shown i n  F i gu re  1,O-2 w i t h  t h e  
major cornpo~ients i d e n t i f i e d .  The two engines a re  mounted behind t he  

two l i f t / c r u i s e  fans, A s t a r  gear t r a i n  reduces the enqine speed t o  t he  

fan speed and a bevel  s e t  connects t he  eng ine l f an  La a c ross  s h a f t  which 

en te rs  t h e  con~biner  gearbox. An overrun ing c l u t c h  w i l l  z u t o m a t i c a l l y  

d isconnect  t h e  engine f r o s  t h e  system i f  i t  f a l l s ,  and t h e  remain ing engine 

can run  a l l  t h r e e  fans. The a i r p l a n e  accessor ies  a r e  geared i n t o  t h e  

forward o u t p u t  s h a f t  f rom t h e  combiner gearbox A disconnectt  c l u t c h  

ahead of t h e  accessor ies  on t h e  forwauud s h a f t  a1 lows t he  nose fan w i t h  

i t s  bevel  r e d u c t i o n  gear t o  be disconnected d u r i n g  t h e  conventiona' l  f l i g h t  

cond i t i ons .  I n l e t  doors open d u r i n g  ope ra t i on  o f  t he  nose f a n  and c l o s e  

du r i ng  conven t iona l  f l  i y h t .  The undersur face doors  o f  the  nose f a n  become 

yaw c o n t r o l  vanes du r i ng  t a k e o f f  and land ing .  

A sketch of t h e  t i l t i n g  l i f t / c r u i s e  propulsion pod i s  shown on F igu re  

3.3.6.1. The engine rece i ves  a i r f l o w  f rom t h e  fan and t h e  f a n  and engine 

exhaust froni separate nozz les.  The f a n  nozz le  area i s  v a r i e d  fro111 wide 

open i n  v e r t i c a l  f l i g h t  t o  about 70Y.: o f  t h i s  area i n  c r u i s e  and l o i t e r .  

The i n l e t  i s  a h i g h  performance i n l e t  contoured t o  have low c r u i s e  drag, 

w i t h  b low- in  doors t o  ach ieve good low speed perforr.~ance and acceptab le  

d i s t o r t i o n s  a t  i nc idence  angles up t o  1 1 5 ~ .  F i ns  a t  the f a n  e x i t  p rov i de  

yawing moments f o r  t h e  a i r p l a n e  c o n t r o l  system. A i r p l a n e  r o l l  i n g  moments 

and p i t c h i n g  moments are prov ided  by va ry j ng  t h e  t h r u s t  o f  the v a r i a b l e  

p i t c h  fans  w i t h  redundant b lade  p i t c h  c o n t r o l  sjtsterns. 

The p ropu l s i on  system w i l l  p rov i de  adequate v e r t i c a l  t h r u s t  i n  normal 

and engine o u t  cond i t i ons ,  I n d i v i d u a l  f a n  t h r u s t  can be r a p i d l y  inc reased  

o r  decreased t o  p rov i de  adequate p i t c h  and r o l l  c o n t r o l  b y  va r y i ng  f a n  

blade p i t c h  angle.  The fans and engines a r e  l oca ted  the p roper  d i s t ances  

f rom t h e  a i r p l a n e  C.G. t o  p rov i de  balanced l i f t  w i t h  e i t h e r  fan  i n  i t s  des ign -  
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Figure 3.3.6-7.-CruiselLift FaniEngine Propulsion Pod 



Any m i  nor t h r u s t  t r in iming r e q u i r e d  w i l l  be accolnpl ished w i t h  t h e  
v a r i a b l e  f a n  p r t ch  on each fan, I n s t a l l e d  engine perfornlance d a t a  used 

f o r  .the 1041 -1 33-1 c o n f i g u r a t i o n  ST01 t a k e o f f  and 1  and i n 9  condi t i o n s  

a r e  1  i s t e d  i n  Table 3,3.6-1 f o r  sea l e v e l  9o0f-' day o p e r c t i n q  c o n d i t i o n s ,  

Turbo Shaft  Engine and Fdn~P,P,p3~- j ,S )A  ----* ---- 
The eng ine  used i n  t h e  1985 ope ra t i ona l  a i r p l a r e  i s  a g rowth  ve r s i on  

of the  A1 1 i son  T7Ol t u r b o s h a f t  engine, The engine i s an ou tg rowth  of  

A1 1 i son s advdnced techno1 ogy prograai. 

'The fans a r e  tlatni l ton-Standard 62 i nch  diarneter v a r i a b l e  p i t c h  fans ,  

The technology i s  t o  be based on Hatnil t o n  Standard 's  expel*ience w i t h  t h e i r  

Q-Fan dclnonstrator and NASA v a r i a b l e  p i t c h  f a n  wind tunne l  models, A 
comparison of the growth ve r s i on  w i t h  t h e  c u r r e n t  engine i s  shown i n  

T a b l e  3.3.6-2. 

The fan c h a r a c t e r i s t i c s  i nc l ude :  

T i p  diameter 62 inches 

Hub t o  t i p  r a t i o  .425 

Design t i p  speed 955 f p s  
Nuniber o f  blades 2 6 

Nominal pressure r a t i o  1 .2  

The c ross  sec t i on  view of t he  advanced T701 l i f t j c r u i s e  v a r i a b l e  p i t c h  

t u r b o f d n  engine i s  shown on F igu re  3 . 3 . 6 - 2 ,  

Inlet  

A V/STOL a i r p l a n e  w i t h  t i l t i n g  l ift-cruise n a c e l l e s  p u t s  t h e  i n l e t s  
i n t o  v e r y  high angle-of  -a t tack  c o n d i t i o n s  d u r i n g  t r a n s i t i o n ,  p a r t i c u l a r l y  

d u r i n g  t h e  land ing  mar~euver. The i n l e t  i s  r e q u i r e d  t o  operate  a t  ang les  

near 90' combined w i t h  speeds up t o  100 knots .  

An i n l e t  model w i t h  a  b low- in  door i n l e t  was t es ted .  The model i s  shown 

i n  F i g u r e  3.3.6-3. Th i s  i n l e t  was t e s t e d  a t  speeds up t o  150 knots,  

c r o s s f l o w  angles o f  u, 40°, 60' and 90' and c o r r e c t e d  a i r f l o w s  f r om 34 t o  

42.5 lb/sec ft2 a t  t h e  fan face. 



Table 3.3.6-1,-Installed Staiic Performance Sea Lovljl 90' F Day 

STOL 
2 ~ ' l l ! l l l d t * ~ / ?  f d l l 5  



PARAMETER 

Table 3.3.6-2.-Comparison of Curreat to Growth T707 Engine 

* WEIGHT - LB. 

CIIRRECTED 
AIRFLOW-LB/SEC 

* WITHOUT FORI.IARD FRR-IE 



Figure 3.3.6-2. -Advanced I701 Compound Lifl. Cru~se Turbofan Turboshaft Enqne 





The i n s t d l  1  ~ ? d  propul  s i on systcltl ~ ~ c r l  ortllancr (Appt!nd i x  R )  used i 11 t he  

V/STOL n ~ i s s i o n  s t u d i e s ,  refVler;ts t h i s  da t a m  Tes t  res~rl t s  atqt! siiovni 

i n  Appendix U, 

t a n  i n l e t  l o t d l  pressurc  d i b t o r t i o r l  wtls ob ta ine f l  dnJ i s  w i t t i i n  the 
tolerance o f  the  e ~ i y i t ~ c ?  arid f d t ~ .  ' r h ~  t2nq i r i ~  d i r f  low (7' o f  t o t a l  i.dtl 

a i r f l o w )  passcs t t ~ r o u g h  LIw hub t*ucjiot~ clf t h c  Fan and has less d t s t o r l i o n  

than the f - ~ n .  

3 , 3 , ?  -- Drive ---- >y,s,t,ujn 

Tile power t r a i n  i s  sllonn st t ~ e n ~ d t i ~ , a l l v  i l l  Fiqur8e 3.J.7-1. It: c o n s i s t s  

of' tlit? overrrrnninq c,lrrtchcs w l l i c l l  (11 l ows  all i r iopcrdL ive et~gir le t o  d rop  

o f f  the 1 i ne ,  encline s tar  rrrlut.tio~~ qedr i n g ,  Fan Iyevcl qear %et s ,  
,-ross shafts ,  l i f t  fan d r i v e  s h a f t ,  c 1 ~ t r . h ~  coe~b in inq  ( t e e )  box and 

accessory d r i v e  t akeo f f ,  

An averrunnin!! c lu t ch  i s  i n s t a l l e d  on each enqine power sha f t  o u t p u t  

d r i v e .  The technaloqy i s  sitri i I a r  t o  t h d t  c i l r r~n t l  y used w i  tli he1 i c o p t e r  

d r i ves .  

The c ross  s h a f t  bevel qear se t  i s  straddle-111ounted between t he  f a n  s h a f t  

bear ings.  I t  prov ides t h e  gear r a t i o  111aLch r e q u i r e d  by thn  c ross  s h a f t  

and the  i ~ i i t i a l  power exchdnge l i n k  between the  fans ,  

The f o r w a r d  f an  bevel gear drive i n s t a l l a t i o n  i s  s i m i l a i .  t o  the  cross- 
s l r a f t  heve'r set. and reduces t l i e  rpm a t  t he  f r o n t  fa t ] .  

The la.Leral s h a f t  des iqn between t h e  engine niaunt and t he  cotubiner gearbox 

i s  r e l a t i v e l y  sho r t  and w e l l  supported. A 112 i n c h  d i a n ~ e t e r  steel s h z f t  

i s  used t o  rninirnize f l o w  i n t e r f e r e n c e .  The 1 i ft fan d r i v e  s h a f t  c o n s i s t s  

o f  t h r e e  .c.lenients o f  s h a f t i n g  w i t h  four  flexihle connectors .  The s h a f t s  

are s i n i i l a r  t o  those used on a l l  Roeinq l i e l i c o p t e r s .  



Beve jears - -- Star gearing 

Figure 3.3.7-7.-Power Train Schematic 



The tee l lox pvovldes thct clvll lerit t l r~l  dl'lows 1 ~ 1 t h  1 i f t l r r u i s t ?  f d n  

cnrliries t o  c f f t l c t  11 Ilowcr exchclngr and to ~ ~ r o v i d r ?  power t o  the 

forward l i f t  fat i .  

The c l u t ~ h  i s  1riclu11tt:d rill tlie f ront of' the  t e e  t ~ x .  Thc crigdying 

~ ~ ~ e c h a n i s n ~  cons i s t s  o f  f r * i r : t i o n  d i s c s  i.0 : ; y n c l ~ r o ~ ~ i . ? ~ !  spverl and a 

posi1:ivc criga(]cmcnt j a w  r'lrrtc:h. The f r . ic , t io r i  c ' l l ~ t i h  u t i l i z e s  carlbot\ 

g r a p t ~ i  t e  d i  si:s fdcas  dedel uped .I'ro111 the  111 11 ra ta r8  hrilkl-. tcc t ino l  oqy, 

3.3.5 Weights - + . . - i i ~ l t l  . - Brflarrce . . .. , . . . , 

Tt~e weiqhts wcr*u dt?tcir>n~irjurl ~ ~ a r ~ l n i i ? ! . r i ~ . d l  l y  itl c:on,jcrrict i on  w i  tti t h c  

b1A5A/Ncivv V/5T01. dc.; i g ~ i  I - I *  i t c t - i a .  

The weiqht  stll,tclucnt; anrl di~trens-ion dnil stt'iiciurril dt1ta f o r  the ASbI 

c u n f i q l ~ r a t i o u  a re  yrec;cr-!ipd irl Tdhlo 3 .3 ,2 -1  and 3,3+3-7.  The i n d i v i d l l d l  

s t r r r c t u r a l  group wcigtlts hdve bet?n d c t c r ~ u i n c d  For il c u r r e n t  techno1og.y 

(aluarinuni) dlrcraft, h 10 wr?iqhl i~i~pr~ovanrent: l ias been inclrl;led t o  
account f o r  lldv;l~iccd techrro l  oqy in ip rov rn~cr~ ts  conut~cnsura t e  w i  tli i n i t i a l  
ope ra t i ons  ill 19Z5. 

T i ,  ... t i p c r a t i n g  weight  ~ t l n t e r  o f  f j r a v i  ty atld 1 o c a t i o n  o f  ASW expondabl e 

l oad  produce t h e  e n v ~ l o p e  of niost forward and a f t  cen te r  o f  g r a v i t y  and 

weight  cond i t i ons  f o r  t h e  Model 1041 -133-1 c o n f i g u r a t i o n .  (Figure 3.3.3-1 ) ,  

The l i s t  o f  spec ia l  f ed tu res  w h i ~ h  $1-c r e l a t e d  to V/STOL c a p a b i l i t y  

are l i s t e d  i n  Table -1.3.1-3. 

The iner t ias  are 1 i s t e d  i n  Table 3.3.3-4, 

r h t  Contro I s 3 -3 .9  L _ l _ i ~  .---.-- 

The F l  i g  h t  Control Systetns co;~s.i s t s  o f  conven t iona l  aerodynamic con t ra1  

a:!,! r e a c t  i on  control f o r  V/STOL opera t i o n .  The r e a c t i o n  c o n t r o l  i s  achieved 

Sy modu la t ion  and d e f l e c t i o n  o f  the t h r u s t  vec to r s .  The b l end ing  of t h e  t w o  

systems i s  s traigl i t  fo rward  w i t h  t h e  aerodynalii ic system i n c r e a s ~ i n u  i n  

authority wit;!) increasir~q f l i g h t  speed, A f ly -by w i r e  sy.;toiii w i t h  d d i g l t d l  

f l i g h t  control computer i s  used. 
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Figure 3+3.8- 1. -Cenier-of-Gravity Loading Diagram Model LCFA-133-7 (ASW) 



Table 3.3.8-3. - Weight Increments for Spocisl Features 
-- .. .~ .. .- - - 

'.',il~l<~ll 1 ,  

I!t*l~i 11 1,',111 (1I11t11' 

---.--- 
L ~ f t / c r t ~ ~ s c  H I I ~ I ~ ~ I .  j ) o t l  r t ~ t ; i t ~ ~ i r i  + 4!dl 

L 

T I , { ~ I S I I I I S \ I ~ ~ ~ I  s v * , r t ! t i i  # 'lih0 

F c I M ~ ; ~ I ~  l i f t  ~ ; I ? I  1 1 1 ~ , 7 ~ ~ t l , i ! 1 ~ ~ 1 1  + <!)O 
- - . .- .. -~-. , . . A . . . . - - . . - -. . . - . . 



Table 3.3.8-4.-AS W inertia 

VERTICAL UNDIIIG WEIGHT 

ST0 GROSS NEIGHT 

WEIGHT 



The V/STOL f l i g h t  c o n t r o l  system i s  bdsed on t h e  use o f  s h a f t  

d r i v e n  i n t e rnnec t cd  v a r i a b l e  p i t c h  fans. The fans o p c r ~ i t e  d t  cons tan t  

r o t a t i o n a l  speed, V d r i a t i o n s  i n  t h e  f d n  b l a d e  ang le  ( p i t ch )  c o n t r o l s  

t h e  t h r u s t  and t h e  rielnlrnd f o r  eng ine power by eat h fdn ,  These t h r u s t  
v a r i d t i  ons a re  used f o r  trill1 and c o n t r o l  , C o r ~ t r o l  capill i 11 t y  f o r  

nortiial and emergency o p e r a t i o n  rliects o r  sxcredr; t t ~ p  design q u i d e l  ines.  
Since a s i n g l e  engine cat1 d r i v e  a l l  thrtz fans  through t t i c  t ransnt issior i  

systern, t h e  a i r p l a n e  w i l l  to lerat ; :  at1 cng ine F a i l u r e  w i t hou t  a decdy 

i n  a t t i  tt lde c o n t r o l  power. Enginfa ou t  emrrgency cond i t i ons  r e s u l t  i n  

a n e g l i g i b l e  trittl change. Con t ro l  s y s t c ~ t ~  mech ln i za t i un  i s  f l y - by -w i re  

w i t h  c o n t r o l  augnientation ~ a p a b i l  i ty. A sic1 i t a l  ~ o , , ~ p u  tcr w i  i I matlaqe 

t h e  v a r i o u s  e l  enients o f  t h e  f 1  i g h t  ~ o n t r o l  system. Col i~putat ion s i g n a l  

t ransmiss ion ,  a c t u a t i o n ,  hydrau l  i c  power and e l e c t r i c a l  (rower w i  11 have 

f a i l - o p e r a t i o n a l  capab i l  i t y  through moni tored redundancy. 

3.3.9.1 Con t ro l  Sysce: I I l e s c r i p t i o n  

Aerodynamic c o n t r o l  and tr i ~ n  i s a c c o ~ ~ i p l  i shed by convent iona l  a  i 1  eron, 

rudder  and h o r i z o n t a l  s t a b i  1  i z e r  surfacer;. S t a b i l  izer t r i r n  s e t t i n g  

d u r i n g  t r a n s i t i o n  w i l l  be scheduled as  a f u n c t i o n  o f  f l i g h t  c o n d i t i o n  

and a i r p l a n e  c o n f i g u r a t i o n  t o  n i i n i ~ i i i z e  p i t c h i n g  nloment v a r i a t i o n .  

The aerodynamic c o n t r o l  su r faces  w i  11 operi i  t e  throughout  t he  hover and 

t r a n s i t i o n  f l i g h t  mode. 

Hover and l ow  speed c o n t r o l  i s  accolnplished by  modulat ion and d e f l e c t i o n  

o f  t h e  t l i r u s t ,  P i t c h  and r o l l  c o n t r o l  r e s u l t  f rom d i f f e r e n t i a l  t h r u s t .  

Thrus t  modu la t ion  i s  ach ieved by v a r y i n g  f a n  b lade  p i t c h  ang le  which 

g ives  excel 1 en t  dynarnic response. Yaw c o n t r o l  i s  by t h r u s t  defl  c c t i o n  

and d i f f e r e n t i a l  f an  b l ade  p i t c h  com~iiands w i l l  be scheduled as a  f u n c t i o n  

o f  n a c e l l e  inc idence  t o  decouple r o l l  and yaw c o n t r o l  i n p u t s  f o r  n a c e l l e  

inc idences  between zero  and 90' (F i gu re  3.3.9-1 ) . 

A t r i p l e x  d i g i t a l  p r ima ry  system i s  used on t he  a i r p l a n e ;  i t  i s  cons idered 

r e p r e s e n t a t i v e  o f  t h e  techno logy  t h a t  w i l l  be a v a i l a b l e  and would be 

r e q u i r e d  f o r  t he  complex o p e r a t i o n a l  tasks  o f  a  1985 ope ra t i ona l  a i r p l a n e .  

It o f f e r s  t h e  p o s s i b i l i t y  f o r  t h e  most complete i n t e g r a t i o n  o f  t h e  guidance 

and n a v i g a t i o n  f u n c t i o n s  w i t h  t h e  p r in la ry  f l i g h t  c o n t r o l  system. 
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Figure 3.3.9-3.-Flight Control System, Relationship of Primary Controis to Actuation Systems 
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Figure 3.3.9-4. -Flight Controf fdodes 
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The speed switch, nlounted on the power 1  ever,  d r i v e s  the comnanded 

forward v e l o c i t y .  The v e l o c i t y  colnll~and i s  d i sp l ayed  on t h e  ins t ru laen t  

panel. F i g u r e  3 , 3 , 9 - 6  schema t i ca l l y  shows t h r !  h o r i z o n t a l  speed c o n t r o l  l e r .  

The p i t c h  a t t i t u d e  1 nput p rov i des  an incrementa l  v e l o c i t y  comnland a t  

low speed. Dur ing c ru i se ,  a t  t h e  p i l o l ' s  o p t i o t ~ ,  tile speed c o n t r o l  can 

be turned o f f .  

La te ra l  s t i c k  p o s i t i o n  coninlands a s i de  v e l o c i t y  a t  hover and la;q speed. 

AT h igher  speed a small d i sp l ace~nen t  of t h e  s t i c k  cornmands a p r o ~ ~ o r t i o n a l  

r o l l  ang le  u p  t o  4' and r e t u r n i n g  the  s t i c k  t o  n e u t r a l  cormnands a wings 

l e v e l  a t t i t u d e .  Larger l a t e r a l  s t i c k  d isp lacement  curr~tnands a p r o p o r t i o n a l  

r o l l  r a t e  and r e t u r n i n g  the s t i c k  t o  n e u t r a l  ho lds  t h e  e x i s t i n g  bank a n g l e ,  
or r e t u r n s  t h e  a i r p l a n e  t o  a l e v e l  a t t i t u d e  i f  the  bank ang le  was l e s s  

than 4'. A b l o c k  diagram o f  t h e  r o l l  a n g l e  and s i d e  velocd t y  c ~ n . ~ , r o l  ler 
i s  shown on F igu re  3.3.9-7. 

The yaw a x i s  c o n t r o l  lcr shown on F igure  3.3.9-8. A t  hover d n d  low speed 

a  heading h o l d  mode i s  engaged when t h e  rudder  p e d a l s  a r e  n e u t r a l  t o  

prevent  s i d e  v e l o c i t y  o r  r o l l  ang le  from coup l i ng  i l l t o  yaw  notion. A t  

h igher  speeds, r o l l  a t t i  ~ u d e  and r a t e  a r e  used i n  t h e  yaw channel t o  

enhance t u r n  coo rd i na t i on .  A1 so inc luded  i s  a yaw damper t o  p rov i de  a d d i t i o n a l  

yaw a x i s  s l a  b i  1  i ty, 

The r a t e  o f  c7imb c o n t r o l  l o o p  l o g i c  i s  shown on F i g u r e  3 . 3 . 3 - 9 .  A t  hover 

and low speed an a1 t i t u d e  ho ld  inode i s  engaged. 

3 . 3 . 9 . 2  Cont ro l  Systcrn Performance 
Maneuver c o n t r o l  was eva lua ted  f o r  both normal and engine o u t  operation. 

Two c o n s t r a i n t s  d e f i n e  t h e  c o n t r o l  c a p a b i l i t y  o f  the  system. One i s  t h e  

maximum s i n g l e  fan t h r u s t ,  a s t ruc i ;ura l  and aerodynamic limit, and the 

o the r  i s  t h e  maxin~um power t h a t  t he  engines can d e l i v e r ,  The fan t h r u s t  

l i m i t  i s  w e l l  outs ide of t h e  normal demands f o r  VTOL c o n t r o l ,  b u t  can be 

reached on t he  L i f t l C r u i s e  fzn  by a s imultaneous maximum roll and p i t c h  command. 

Maximum eng ine  power i s  a l i m i t  t h a t  can be mcountered under normal 

operat i . -nal  c i rcumstances. Fo r  example, t h e  engine power w i l l  i nc rease  t o  
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s a t i s f y  t h e  cons tan t  speed f e a t u r e  o f  t h e  system. I f  t h e  power r e q u i r e d  

by t h e  t r u s t  d i s t r i b u t i o n  excecdspower a v a i l a b l e ,  the f a n  speed w i l l  
b leed o f f  u n t i l  t h e  t o rque  r e q u i r e d  and t h e  engine power reach a balance. 

The speed o f  a l l  ope ra t i ng  fans  i s  the same; consequent ly,  t h e  f a n  speed 

bleed down w i l l  a f f e c t  a l l  t h r e e  f a n s  s imu l taneous ly ,  Con t ro l  system 

l o g i c  w i l l  p rov ide  a s i g n a l  when engine power l i m i t s  a r c  encountered t o  

wash ou t  t h e  b lade ang le  of a l l  t h r e e  f ans  u n t i l  a t o rque  balance a t  

e s s e n t i a l l y  cons tan t  speed i s  achieved. T h i s  des ign  f e a t u r e  a l l o c a t e s  

p r i o r i t y  t o  a t t i t u d e  command. 

F i gu re  3.3.9-10 shows t h e  system c a p a b i l i t y  i n  ternis o f  l i f t  combined 

w i t h  r o l l .  A colnniand o f  100% o f  des ign r o l l  has a 2,: c f f o ~ t  on l i f t .  

The f i y u r e  a l s o  i l l u s t r a t e s  engine o u t  c o n t r o l  c a p a b i l i t y ,  Engine o u t  

c o n t r o l  i s  w e l l  above des ign  g u i d e l i n e  levels .  There is somz a f f e c t  on 

1 i f t  i f  c o n t r o l  coiiimands arc susta ined f o r  pe r i ods  t h a t  a re  l onge r  than  

normal l y  r e q u i r e d  f o r  maneuvering . 

The t ime  response o f  t h e  c o n t r o l  systeni i s  e x c e l l e n t  and exceeds t h e  

des ign gu ide l i nes .  

The responses t o  a t t i t u d e  and f l i g h t p a t h  comrr~ands a r e  shown i l l  F i g u r e  

3.3.9-11, A r o l l i n g  moment based on a t h r u s t  change o f  -I- 307 has a 

t ime  cons tan t  o f  0.1 sec, Th i s  i s  near maximum c o n t r o l .  For sma l l e r  

moments t h e  t ime  cons tan t  i s  a s  low a s  0.05 sec. F l i g h t p a t h  c o n t r o l  i s  

exemp l i f i ed  by a f ly-down conimand. The t h r u s t  i s  reduced 5 W i t h  a 
t ime  cons tan t  o f  0.15 sec. Th i s  i nc l udes  t h e  response of t h e  engine t o  

the  r e q u i r e d  change i n  power l e v e l .  

Gyroscopic coup1 i n g  i n  t h e  hover mode occurs  whenever t h e  n a c e l l e  i nc i dence  

i s  v a r i e d  o r  when t h e  a i r p l a n e  p i t c h  o r  r o l l  a t t i t u d e  i s  va r i ed .  

. F igure  3.3.9-12 shows an e v a l u a t i o n  o f  the gyroscop ic  r o l l i n g  moments 
produced by p i t c h i n g  o f  t h e  engines and fans. When t h e  e n t i r e  a i r p l a n e  

p i t c h e s  a l l  t h r e e  fans c o n t r i b u t e  t o  t h e  gyroscopic  e f f e c t .  
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If the 1 i f t  c r u i s e  nacel lcs are ro ta ted ,  as f o r  trans! t i o n ,  o n l y  two 

fans a r e  invo lved.  The fans  and engines r o t a t e  i n  oppasi te  d i r ~ c t i o n s  

which reduces the t o t a l  angular mornenturn. 

A gyroscopic 111oment l e s s  than 10::: o f  t h e  a v a i l a b l e  c o n t r o l  i s  ~onsidcred 
acceptable. From the f igure ,  i t  i s  apparent  t h a t  t h c  a i r p l a n e  can be 

operated w i t h  a nace l l e  incidence r a t e  o f  about 22 degrecs/second or an 

a t t i t u d e  rate  o f  11 degrees/second and rer l l r i re  only 10:'; o f  the r o l l  t o  

compensate for .the induced r o l l  moment. The eva l l la t ion  was mad$: f o r  a 

nominal hovering c o n d i t j o n  w i t h  t he  fans and engines a t  rnaxirnum angular 

momenturn. The fan and engine p o l a r  rl~onlents of i n e r t i a  are based on 

Hamilton-Standard est imates f a r  a 62 incih f a n  w i t h  Uorsic aluminum blades,  

The rpm, t h e  po la r  nloments o f  iner t ia  and the angular moments are: 

Polar Mom. Angul - ar Momentum* 
rpm o f  Ine r t i a  

G f F  s l d J - f t L  x rai/se: 
Engine Co~lipressor +15,000 I .'In ~ 7 n  

Engine Power Turbine +l 1,800 0.81 

Fan** - 3,500 14.3 

A i rp lane P i t c h  A t t i t u d e  Rate 

Nacel le T i  1 t Rate 

* P o s i t i v e  angular nlomentum i s  clockwise when reviewed f r o m  rear. 
** l n c l  udes gear t ransmiss ion and in te rconnec t  s h a f t s .  

The f a n  angul ar  momentum dominates. 

The c a p a b i l i t y  t o  hover i n  a crosswind i s  shown on F igure  3.3.9-13. The 

gu ide l i ne  f o r  a hover i n  a 25 knot wind i s  matched by banking t h e  a i r p l a n e  

about 5 degrees, 
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The t rans i t ion t o  and fro111 ver t i ca l  f l i q h t  i s  cuntrolled by t h ru s t  
vector lnanagetnent. The t o t a l  a i rp lane tl~rust vector any1  e i s  contr-ol 1 cd 

by rotat iny the l i f t / c r u i s e  fans. The thrul;t dircct;iun of t h f !  nore f . ~ n  

i s  f i x e d .  I t s  fan tlirust angle i s  75' fro111 the horizontal.  This d r ig l e  

was chosen so t h a t  a t  the 1 i f t o f f  anqle-of-dttdck, fo r  STU, t h e  nosc f d n  

th rus t  will have a positive conlponerlt alonri tllc f l iq t l t  p d t l ~ .  llo~lici~t halance 
i s  r!laintained by varyinq t h e  th rus t  magnitudt! o f  the llosra fan, T I I I S  i s  
acco~i~pl i  shed by changing blade pi tell ant1 power is t r a n h f  e r w  i betwe(m the 
nose fan and the  l i f t  c ruise  fans ,  Durinq t d h e o f f  a ~.onst.ar~t power settirlrj 
can be fllaintdin~d and the t h ru s t  w i l l  yradual ly t r d r~s lu r  t11 t h t d  crui  sc systtlro, 

A t  the end of t r ans i t ion ,  t h e  nose f an  i s  very l iqh t lv  lor~dc(l .  Most of the 
power i s  qoing to  the c ru i se  fans ;  in t k  i s  way, t h ~  s :I tt?n i s  c-owe: ie~;Ll y 

control led f o r  conversion t o  conventional f l  i g h t .  

The schedule o f  nosc fan and l i f t / c r u i s c  f a n  thrust for t r i~ i r  as  a function 
o f  nacelle angle i s  shown on Figure 3.3.9-14. Uuriny hover  the nacelle 
t i l t  angle i s  97' and a l l  three fans a re  equally loaded. A t  zcro Jcqrqoes 

t i1 t ,  nacelles horizontal,  the nosc fan  i s  near zcro t h ru s t  and t l ~  c ru i s e  
fans  are a t  high thrust .  The resul tant  t h ru s t  vector angle fo r  t hc  trin~med 
system as  a function o f  nacelle t i 1  t angle i s  shown on Fiqure 3.3.9-1 5. These 
schedules app l y  a t  a71 power l eve l s .  The power d i s t r ibu t ion  for  balance i s  
a function only o f  nacellc angle, 

The moment p roduc i~g  elements of the V/STOL control systelr~ call undergo 
changes i n  function during t r an s i t i on .  For example, the ro l l  control i s  
achieved, with the nacelles ve r t i c a l ,  by modulating the  th rus t  o f  the  l i f t /  
c ru i se  fans. With the nacell es horizontal ,  t h i s  same action prodube.; a 
pure yaw moment, The control system mixes, blade pitch angle, vane def lec t ion ,  
and aerodynamic control def lec t ions  as  a function of speed and nacel le  angle 
t o  reduce pure moments from the  control inputs.  

The vert ical  t a i l  was sized by a s t a t i s t i c a l  re la t ionship  between forward 

fuselage moment of area and ve r t i ca l  f i n  mo~ilent o f  area .  The d a t a  basis i s  
2 shown i n  Figure 3.3.9-16. The t a i l  f i n  area i s  63 f t  and the  volume 

coeff ic ient  i s  -08, 
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Figure 3.3.9- 74.-Thrust Vectoring Trim Schedule. Model 704 7- 133 
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Figure 3.3.9-76.-Static Directional Stzbility Cruise Vertical Fin Sire 



The h o r i z o n t a l  s l a b i l  izer was s ized  t o  meet a s t a t i c  l o r t g i t ud i nd l  s t a b i  I i t y  

margin o f  0.05 a t  the  a f t  center o f  g rav i l y ;  a f l a p  p i t c h i n g  morrtent trim 

a t  maximum l i f t  c o e f f i c i e n t  and a center of g r a v i t y  o f  t r a v e l  o f  + - .05c wing. 

These conditions are  mot by a t a i l  volume c o e f f i c i e n t  o f  0.54 and a 

nominal cen te r  o f  g r a v i t y  ' l oca t ion  a t  0.30~ (shown i n  F i gu re  3.3 -9-17;. The 
2 stabilizer panel s ize  i s  64 f t  , A s t a b i l i z e r  aspect  r a t i o  of 5.0 was 

chosen t o  achieve a f avo rab le  t a i l  span t o  nacelle span fo r  c f f e c t i v e n e s s  

a t  h i g h  a i r p l a n e  angle of  a t t a c k ,  



Tail volume, 

Cruise 
static stability 

X ~ ~ ' ' %  

Figure 3.3.9-7 7.-Horizontal Tail Size 



4.0 PART Ij - L I FJ'J'RJJE F,A,N,N,T,E~t~'l,O,I.,OG,U,u &If<ChAFJ,r 

Three separate approaches 50 t h e  des ign  of  dn u i r p l d t ~ c  r ep resen t i nq  tihe 

technology o f  t h e  mu1 t i - m i s s i o n  ai rcraf t  developed under P a r t  I were taken :  
( a )  An a l l  new a i r p l a n e  

( b )  C lod i f i ca t i on  o f  an e x i s t i n q  a i r p l a n e  (1-39A) ~ a p a b ' l e  o f  o l ~ e r a t i o n  over  

t h e  sarne f l i g h t  envelope as t he  a l l  new d i r p l a r ~ e .  

( c )  t l o d i f i c a t i o n  o f  an e x i s t i n q  a i r p l a n e  (T -3YA)  f o r  l o w  speed opera t ion ,  

approximately 160 KEAS n~aximlltir spccd capabil ity. 

A l l  t h e  designs use the sarle c r u i s e  and l i f t  f a n  hardware a s  the ope ra t i ond l  

mu1 t i - m i s s i o n  a i r p l a n e .  The t u r b o q h d f t  enqir ic i s  t he  XT7hl (I'D 370-16) 

e s s e n t i a l l y  t he  same a s  t h a t  in te t idcd f o r  t h e  Arrny Heavy L i f t  t l e l i cop te r  prosram. 

The d r i v e  systetn i n ~ e r c o n n e c t  and t h e  "T "  gearbox are a l l  designed f o r  

t h e  ope ra t i ona l  improved engine hav ing 5Q'.: more power. The technology 

a i r p l a n e  d r i v e  system w i l l  have the advantage o f  opera t ing  i n  a de- ra ted  mode, 

Emphasis on minimum weight i s  paramount and f o r  a two-enyinc a i r p l a n e ,  t he  

c r i t i c a l  design case i s  performance w i t h  one engine ou t .  The research  payload 

i s  2500 I b s ,  and t h e  crew c o n s i s t s  o f  p i l o t  and c o - p i l o t ,  

The T-39 (Sabre1 iner )  i s  a f o r t u n a t e  match f o r  an a i r c r a f t  t h a t  can be 

m o d i f i e d  fo r  1  i f t l c r u i s e  f a n  technology devel  opment. I t  i s  i n  t h e  department 

o f  defense i n v e n t o r y  and i s  a c u r r e n t  p roduc t i on  a i r p l ane .  



4.1 ALL NEW AIRCRAFT (Model 1041 -134) 

Major des ign  gu ide l i nes  f o r  t h i s  a i r p l a n e  a r e  t h a t  i t  1111rst approxir i iatc 
t h e  ope ra t i ona l  a i r c r a f t  hand1 i n g  p r o p e r t i e s ,  fundamontal aerodynamic , 
and c o c k p i t  work s t a t i o n ,  It musr, f e a t u r e  h i g h  research  u t i l i t y  i n  i t s  

performance and e x p l o r a t i o n  margins,  i ind sa fe t y ,  I'hi? proposed design 

s a t i s f i e s  a l l  of these r e q ~ i r e m e n t s .  

4.1.1 -*.-- Con f i gu ra t i on  

F i g ,  4+1-1 sl~ows the  genera l  arrangenrent o f  t h e  Model 1041 -1 34, The arrangement 

has t h e  appearance o f  a  "slinimed down" ope ra t i ona l  a i r p l a n e  w i t h  a reduced 

wing s i ze .  An ove r l av  comparison o f  t h e  technoloqy and ope ra t i ona l  3 i r p l a n e  

i s  shown i n  F igu re  4.1-2. 

For s i n i p l i c i t y  and l ow  cos t ,  t h e r e  a re  no wing f o l d s ,  wing f u e l ,  no r  l e a d i n g  

edge dev ices.  Avo id ing the  use o f  w ing  f u e l  e l  im ina tes  t h e  need f o r  niany 

access ho les , thus  saving t h e  weight  and c o s t  t h a t  s t r u c t u r a l  d i s c o n t i n u i t y  

and ho le  f raming  in t roduces ,  For an a i r p l a n e  r e l y i n g  on powered l i f t ,  t h e  

avoidance o f  e x o t i c  aerodynamic h igh  l i f t  dev ices i s  prudent .  

The a i r p l a n e  i s  designed f o r  a 1  i n i i t  l oad  f a c t o r  o f  2.59 and a ~iiaxi~nuni 

dynamic pressure (q),  of 212 p s f .  Th i s  is equivalent of 250 KEAS and 

permi ts  Mach 0.8 f l i g h t  a t  about  36,000 ft. a l t i t u d e ,  

L i f t l c r u i s e  p ropu l s i on  pod s t r u c t u r a l  suppor t  and arrangement i s  t he  same 

as t h a t  f o r  t h e  ope ra t i ona l  a i r p l a n e ,  

The p r i n c i p a l  f ea tu res  o f  t h e  Model 1041 -1 34 a re :  

Design weight  o f  20,000 1  bs. 

A1 ulninum a i r f r ame  

200 :L2 wing 

No cab in  p r e s s u r i z a t i o n  

62 i n c h  diameter v a r i a b l e  p i t c h  fans  

A1 1 i s o n  XT701 engines 

F l y i n g  t a i l  

Body f u e l  i n  foamed b ladder  



VJirig area = 200ft2 
Aspect ratio = 3.63 
Taper ratio = 0.5 
Tfi~ckness ratlo = 0.15 

-5Citr 11 5.- 

Figure 4.7 - 7 .-General Arrangement, Model 104 1 - 733 



Model 1041-134 

Figure 4.1-2. -Overlay Comparison 



o 3000 p s i  dual hydrdul i c  sys te t ,~  

o rly-by-wire ,F l iqh t  contro ls  usinq dur1l ,  rcclundant c'o~~~rirand 

a u g m e n t a t i o n  system 

o Variable geometry i n l e t  
o Variable area nozzle  
o Water in jec t ion t o r  ernerqency 5 i ng l  e enqirlt? f l icrt~t, 
o Ejection i s  through the cdnnpy, No p r e s su r i t n t i a r~ ,  

l o w  q f l i y t i l ,  permit l i c j h t  weif j i l t  i;anilpy cnclasurrt 

t h a t  pernii  t s  t h i s  emerrjetlcy e ject ion ar!proach 

o No a i r - c o n d i t i a n i n g  or a n t i - i o i r ~ g  

4.1.2 -- Propulsion -- 

The propulsion system f a r  t h e  technology airplane i s  id~ntical t o  the 
operational a i r p l a n e  with t h e  exceptinn of the gas generator. Thr u n q i n e  
used i n  t h e  technology airplane i s  a nlodif iod vcrsion of the current  T701 . 
Modifications wil l  be made t o  t h e  LF t u r b i n e  and a water/dlcohol in ject ion 
system will he er~~ployed t o  achieve performancu g i ven  i n  Table 4.1-1. The 

water/alcohol in ject ion systenl will be a n~odif icat ion nf t h e  f u l l  v developed 

system used on the  Allison T56 turboprop enqinc,  To insure onerational 
c a p a b i l i t y ,  t h e  system will  run continuous1 y d u r i n q  t h e  hover mode by 

rec i rcula t ing the rn i x tu re  back t o  t he  tank.  Dur inq  engine o u t  operation a 
valve wi: 1 open delivering the water/alcoI~al n~ixture  t o  Ihe  operating engine, 

4.1.3 Aerodynamics 

The l i f t  and drag praper t ies  of t h e  -734 are given i n  Table 4.1.3-1 and 
Figures 4,1.3-1 t o  4,1.3-7. The t a b l e  l i s t s  t h e  zero 1 i f t  dray breakdcwu. 
Figure 4.1.3-1 g i v e s  the dray due to l i f t .  The fac to r  used i n  calcula t ing 
the  roughness and excrescence i s  i n  Figure 4.1.3-2 and t h e  i n t e r f e r e n c e  

drag between t h e  c r u i s e  nacelle and t h e  fuselage i s  i n  Figure 4.1.3-3. The 

complete cruise drag polar i s  in Figure 4.1.3-4 and t h e  V/STOL mode p o l a r  

with t he  nacelles a t  45' i s  i n  Figure 4.1.3-5. 

The 1 i f t ,  power of f ,  is  Figure 4.1.3-6 and the e f f ec t  of power i n  the V/STOL 

mode with t h e  nacelles a t  50' i s  in Figure 4.1.3-7. 



Table 4.7-1.-Installed Static Performance on Technology Aircraft 

'Sea level, 90" f ,  day 

Corrrltt~nn 

STOL, 2 enq~nost2 fans 
VTOL, 2 cnrl1ri@s/3 fhns 
Cont~ngcncy, 1 cng1ti1.13 fans 

(wat~r/aIcohol) 

SFC, I11l ' l t )  hi 

1 1'1 
1 1 1  27 680 
1.17 21 000 



COMPONENT 

Table 4.1.3-I .--LCFA 1041 -134 Zofo Lift Drag Breakdown 

ALT = 35,000 FT 
SREF = 20n F T ~  
AHET = 1,517 F T ~  

WING 
FUSELAGE 
CAPIOPY 
HORIZ TAIL 
VERT TAIL 
VENT FIN 
NACELLES ( ISOLATED) 
NACElLE PYLONS 
T I P  TANKS (FERRY MISSIClN) 
NOSE BOOM 

NACELLE-FUS INTERF 1 

W I N G  BODY I MTERF 
VERT-HORIZ INTERF 1 

EXCRESCENCE 

TOTAL 

,00672 
, 00529 
,00155 
,00278 
,001rr2 

r 
FRICTION + FORM 

,00036 ,02753 
,00446 
,00118 
,00378 
,00019 

Y 

I 
PRESSLIFE DRAG 

,00355 
I 

,00600 ,00600 EXCR 



Figure 4.1.3-I.--Drag Due to L i f t  LCFA 1041-134 (All New AP) Mach - 0.6 



WHERE: Cop,,, IS MINIMUM PARRSITE 
DRRG EXCLUDING ROUGHNESS 
AND EXCRESCENCE DRAG. 

NOTE : AIR CONDIT1ON1NG 
DRRG INCLUDED 

Hgure 4.1,3-2.-Roughness Plus Excrescence Drag Factor 



NOTES: 1. DRAG OF THE NACELLE INCLUDES INTERFERENCE. 

2. REF : RD5KAM, J., M E T H O E  FOR E T I  MAT1 NG DRCIG 
POLAKS OF SUB5DhllC. A!RPLANE5, 

Figwe 4.7.3-3.-Drag Due to a Jet Engine Nacelle Attached to a Fuselage as a Function of Pylon Length 



M = -75 
h = 35,000 FT. 

Figure 4.1-3-4.-Drag Polar LCFA 704 1-134-Afl New A P 



Figure 4.1,3-5.-Low-Speed Drag Poiar LCFA 1047-734-All New AiP 



a - DEG 

Figure 4.1.3-6.-Aerodynamic Uft Power Off LCFA 1041-134 Afl New AIP 



-8 . - 4  0 4 8 1 2' 1 6  2 0  2 4  

OL DEG 

Figure 4.1.3-7.-Power-on Lift LCFA 1041-134 

INTERMEDIATE THRUST 
SEA LEVEL S T 0  DAY 
FLAPS DOWN 
A= 50' 
V 55 KTS 
(NO ALLOWANCE FOR INDUCED L IFT  ) 

C~ 

8 

6 

4 -- 

2 -- 

-- 
I 

D I R E C T  THRUST - -  

4 
W I N G  L IFT  

-GC 



4.1.4 . Fl-ight .- Controls 

The Plight control system for  tile technology a i r l~ l aue  i s  thc  prototjll)c 
f o r  the operational dirplclne. The fly-by-wire systrtr~ will Ilr! dcvclo~~ed 
and refined i n  t h i s  a i rp lane.  The control systerri descript ion of t he  

operational airplane (Section 3.3.1) appl ies  t o  the techno7ogy a i rplane,  

The airplane moment o f  i n e r t i a s  i n  ro l l  and yaw a r e  g rea te r  t h a n  t h e  

operational airplane because of the wing t i p  tanks. The th rus t  modula'tion 
needed to  neet  r o l l  control 1etlels f o r  hover dre larger  because a t t i t u d e  
control sca les  w i t h  nioment of i ne r t i a .  The increase i n  th rus t  tnodulation 
i s  available a t  no  penalty because the f a n s  of t he  technoloqy a i rplanc 
a r e  operated we71 below design t t ~ r u s t  l eve l s .  Tlie control available i s  
tabulated on Table 4.1.4-1. This VTOL control capabi 1 i t y ,  combined w i t h  the 
va r - i~b le  s t a b i l i t y  features achievable with a fly-by-wire systern, gives the 
technology a i rp lane  exce l  1 ent potential f o r  hand1 i n g  qua1 i t i e s  research. The 
f l i g h t  control charac te r i s t i c s  of the technology airplane will have t h e  

f l e x i b i l i t y  t o  simulate a range of operational propert ies.  The des i rable  
operational charac te r i s t i c s  can be establ  ished by f 1 ight  experience, 

The control response of the system i s  s ign i f i can t ly  better than the guidelines 
nlininunl. The response t o  ~iiaxirnu~i~ control con~mands, f a r  outside of design require- 
ments, is 1 e s s  than 0 . 2  seconds. The response ,For t h e  pi tch ,  ro l l  and 

height cornmands a re  based on blade angle changes a t  e s sen t ia l ly  constant 
fan speed. Figure 4.1 +4-1 shows the  response time var ia t ions  w i t h  control 
i n p u t  s ize .  The time response for a 7002 of design level r o l l  control i s  
0.10 seconds l i s i ng  a system mechanized w i t h  a blade r a t e  of 100 deg/sec. The 
yaw control response i s  based on the def lec t ion r a t e  o f  vanes in the 
slipstream of the fans with s imi lar  response charac te r i s t i c s .  H e i g h t  control 
exercises the  systeni more than a t t i t u d e  con t ro l ,  A "Ply up" command requires 
a change i n  power t o  achieve an  increase in f a n  thrust. The response of 
t h e  system i s  a function of both blade angle changes and engine power changes. 
An overall response time of 0.10 seconds i s  avai lable .  



Table 4.1.4- 1.- Technology Demortstraiion Hover Control Power, Model 104 7- 134 
. .- . .- . - .. 

Control function assign guicl('li~ic 
r t? t l~~ i r t !~~ i [?~ \ (  

0.90 I.orl/sr1c2 

Pitch 0.50 rad/sc?c2 

0.30 ratllsoc 2 

Height 0.05 g 

----- - --. 

System cal)al~ilily 

1, trtl I ~rl!sec 2 

1,40 ri~tliscc 2 

0 . 5 ~  ratl /scc2 

0.22 q 



NASA guidelines 

.3 

Time constant, sec 

.2 

- Emergency heighr control 

I 

--Emergency atritude 
(normal height control) 

-- Normal attitude I 

c O o ~ ~ O  

- Height control - -  ----  
Pitch control ------I 

Control. percent 

Figure 4.7.4- 7.-Model 704 7-734 Control Response Time, G. W. = 22,500 Ib 



4,1.5 Air,craft Systems 

The a i r c r a f t  systetns i n  the  technology a i rplane wil l  be designed primarily 
t o  prototype t h e  Model 1091 -133 p r o ~ ~ u l  sion and f l  i g h t  c o r , t r ~ ~ ' l  systems. 
Other systelns wi 11 be calla b l  e o f  meeting the dert~onstrator operational 
requirements with t h e  necessary level lj o f  perfor~narlca and sa fe ty ,  

The accessory power package wil l  be s imilar  t o  the  1U41-133 with t h e  

exception t ha t  the t w o  75 KVA generators h i l l  bc replaced by two 30 kVA 
generators and the a i r  colnpressor wi 11 be deleted. Performance will be 
based on the  following power extract ion:  

Condition 

Norma 1 
Emergency 
Design 

4.1.6 Weight.and Balance --- 
The weight staterrlent of t h e  new technology airplane i s  presented i n  

Table 4.1.6-1. The propul sion weigh t  .is the s ign i f i can t  contributor 
t o  an operating weight of 16,400 Ibs. The research payload i s  2500 l b s .  
with 240 1 b. water/alcohol n~ixture  f o r  water in ject ion during hot day 

emergency conditions; t h e  mission weight l e s s  fuel  i s  19,140 I b s .  

The special features which a r e  d i r s c t l y  re la ted  t o  V/STOL capabil i t 1  
include t h e  l i f t l c r u i s e  encine pod ro ta t ion  weight which i s  370 Ibs. 

The forward fan i n s t a l l a t i on  weight i s  350 lbs. and the transnrission s y s t e ~ ~ i  

increment i s  2600 1 bs. 

The 1 i f t / c r u i  se fan and  transmission system weights have been coordinated 

w i t h  and obtained from-the propulsion systeln component manufacturers 
(see Table 4.1.6-2). These data have been integrated i n to  the operating 

weight o f  the technology a i rplanes .  

The loading diagram, Figure 4.1.6-1, for the a l l  new technology a i rplane 

shows the re la t ionship  o f  operating weight c.g. and the location of payload 
and fue l .  The loading i s  typical  cf each o f  t h e  technology a i rplanes .  The 

diagra~n s l~ows the payload loads forward, while the  fuel load vector i s  

located t o  produce minimal change i n  the  operational c .  g .  

1 47 



Tablo 4 . 1 . 6 -  I .  -Technology A~rp/ano Wogllt  Slalomenl NA.L;A,N~Iv~ V/!i TUL - Part I /  

I I I --- -- ---- 
WEIGHT EMPTY - 1-5801) -.- - 1 1  1 I . ! I  ---- ---- -- 

1 
25110 1 ~it70 

I -- 
PAYLOAD IINCL E X P  PEN A las ]  

CREW 
CREW PnOVlSlONS 
OIL & TRAPPED OIL - --- 

.UNAVAILAALE FUEL 

~JL- 

!I -- 

2!10 
- I (  . 

.I R , 

-*+~--- --- ---- -- --. 

-- - ---- - 

--* dc.:z---- - - - - - - - - - .- - - 
. - - -  -- 



Table 4.7.6-2.-LiftlCruise Fan and Transmission System Weight, 16, Technology Airplane 

11 FT/CRU I SE FANS 

LIFT FAN 

TOTAL FAPIS 

COibITROLS - LIFT CRUISE 
- LIFT 

GEAR TRAItI ASSY - LIFT CXUI,?E 

SEA2 TRAIJ ASSY - LIFT 

FAI1 CASE - LIFT 

HEAT EXC:X:GER 

C0;IBIilEX BOX (T BOX) 

0 I SCUFIPIECT CLUTCH 
G R I V E  SHAFTIi lG 

D!? IVE SYSTEWA I RFRAPIE IITERFACE 

TOTAL TRANSM ISS I O J  

CONTRACTOR 

HAM I LTOII-STAIIDARD 
/I I t  

BOE I:lG VERTDL 
It 

BCAC 

HEIGHT 



c. G. 

STAT I ON - 
1 N. 

Figure 4.7.6-1 .-Ba/a.:ce Diagrarll ,Vet Technolggy Airplane 



4.1.7 E r f o r ~ n a n c e  - ,A_1_? N=,Ap1)j2rn-e,- jfl!jrjJj 

The rnissions used t o  es t in ia te  fue l  requ i rcrnenls  a r c  siiowr~ i n  F i g u r e  4 . 1 . 7 - 1 .  
Elevcn c i r c u i t s  f roni  an  i n i t i a l  S T 0  and 5 froin d VTU were used (1s t h t ?  

f u e l  nleasure. A ferry m i s s i o n  us i r iq  t h e  rules shown i n  Fiqur3t! 4 .1  - 1 - 2  

was d l  SO ca l cu l a ted .  

The t a k e o f f  performance, qround r o l l  as  I f ~ ~ n c t i o n  o f  1 i f  t u f f  spctd ,  i s  

presented i n  F igure  4.1 -7-3. The 1 i f t a f f  speed i s  1 , 2  X stall s ~ l c e ~ l  

and no credi t  i s  taken f o r  induced aerariynamir. l i f t  o r  clrourvl e f f e c t s .  

The a i r p l a n e  i s  assumed t o  acce le ra te  w i t h  t h e  nose f an  i n  f l d t  p i t ~ h .  

P,t l i f t o f f  t h e  nose f a n  p i t c h  i s  s e t  t o  t he  va lue  r e q u i r k d  f u r  ~ r r o p ~ r l s i v c  

Inonlent balance f o r  t h e  arrrount o f  c!ngine t i l t  be ing  clseil. The l i f t / c r u i s t !  

fans a r e  held a t  cons tan t  angle  d u r i n g  a c c e l e r d t i o n  and l i f t o f f .  

The l a n d i n g  per for~ i iance approach speed vs. ground r o l l ,  i s  shown i n  

F i gu re  4.1 -7-4. The approach speed i s  1 .2  X s t a l l  speed and no c r e d i t  

i s  taken for induced aerodyna~nic e f f e c t s ,  ' I i i rust  r e v e r a l  i s  no t  used. 

Emergency v e r t i c a l  l and ing  can be accon~pl ished a t  a GW o f  20,400 I bs .  

a t  2 t h r u s t  weight  r a t i o  o f  1.03. A t  h igher  gross weights  a s h o r t  land ing  

can be acconipl i s  hed. 

F i v e  VTD miss ion  c i r c u i t s  can be done w i t h  7300 1 bs. L I ~  f u e l .  The m iss i on  

t akeo f f  we igh t  i s  20,440 lbs .  which i s  equal t o  t h e  s i r l g l e  engine enlerqency 

l and ing  we igh t  a t  F/W = 1.03. By t r a d i n y  payload f o r  fue l  or accep t ing  

a l i m i t e d  hover ing envelope a t  h igher  gross we igh t  a longer VTO miss ion  can 

be had. The 11 ST0 c i r c u i t s  can be made from a gross weight  o f  21,200 1' 's. 

The a v a i l a b l e  t h r u s t ,  both engine ope ra t i ng ,  i s  27,680 I b s .  The ST0 miss ions  

a re  n o t  1 i ~ n i t i n g .  

A f e r r y  range  o f  820 n.mi, i s  p o s s i b l e  a t  a gross weight  o f  25,000 I b s .  

The t h r u s t  we igh t  r a t i o  i s  s t i l l  g rea te r  than one, 



Plan form 

VTOL [desired performance) 
5 circuits in 30-min mission 

STOL (desired performance) 
11 crrcuits in 60-min mlnron 

Ground distance. f t  

Figure 4.1.7-1 .-LCFA Technology Airplanes. Typical Terminal Area Test Missiuns 



I&- FERRY RANGE - d l  

(1) Warm-Up, Takeo f f ,  Accel , t o  C l i m b  Speed - 2.5 minutes a t  i n t e rmed ia te  
t h r u s t ,  I n s t a l l e d  sea l e v e l  s t a t i c  cond i  t i o n s .  

( 2 )  - C'l imb - To b e s t  c r u i s e  a1 t i  tude and v e l o c i t y  a t  i n t e r m e d i a t e  t h r u s t .  

( 3 )  Cru ise  - To maximurrl range a t  b e s t  c r u i s e  a1 t i  tude and v e l o c i t y  
Breguet range. 

( 4 )  Descent - To sea l e v e l .  No f u e l ,  t i n ~ e  or d i s t a n c e .  

( 5 )  - Landing Allowance and Reserves - Fuel f o r :  

( a )  20 minutes l o i t e r  a t  bes t  endurance speed a t  sea l e v e l .  

(b )  5% t o t a l  i n t i a l  f ue l  

( 6 )  T a x i - I n  - From reserves  

Figure 4.1.7-2,-LCFA Technology Airplanes Ferry Mission Performance Rules 



Sea level 90" F 
GW = 22500Ib 

Figure 4.1.7-3.-Takecff Performance LCFA 1047-734, AIl New Airplane 

1600 

1200 

800 

- 

- L-3 Y = 0- 
[Convent;onall 
nose fan off 

- 

40t[rAA 0 1 20 = 90' (VTO) 4 0 60 X = 50' 60 ISTO) 100 120 140 160 , 180 



Sea level 90' F 
GW = 22 500 Ib 
CP = 0.25 

Figure 4.1.7-4,-Landing Performance LCFA 1047-1 34 All New Airplane 
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The l e v e l  f l  i g h t  performance envelope i s  presented i n  F i g u r e  4,1.7-5 

for t he  c ru i se  and V/STOL conf i c lu ra t . i o r~s .  The c r u i s e  confiqural; ion 

a l t i t u d e  c a p a b i l i t y  i s  about 37,000 f t .  and t l i e  liiaxi~nur~l Mach nulliber 
i s  about .76. The V/STOL configura1:ion envelope i s  based on an optiinunl 

v a l u e  of cng ine t i 1  t angle, A , d t  tlach p o i n t  on t h e  envelope. t lover inq 
i s  poss ib l e  a t  a l t i t u d e s  up t o  10,OUi: f t .  and the  niaxi~nuln flaps dowr, 

a l t i t u d e  i s  about  29,000 ft. Mo crl-d-it has been taken f o r  induced 

aerodyna~nic 1 i f t  i n  t h e v  ral c u l  a t i o n s  , The crosshatci led area ropreselits 
c o n d i t i o n s  where t h e  cnvel opes over1 al l ,  a1 lnrqi n1.1 t h e  convers ion  alanerrvt!r 

t o  be perfarmed. 

4.2 MODIFIED AIRCR.!jr'T (Full  f 1 i q h t  envelope) 

Several  cand ida te  a i r c r a f t  were reviewed f o r  p o t e n t i a l  use as a 

modi i i i ca t ion base f o r  the l i f t / c r u i : e  f an  technology a i r p l a n e  and the 
T-39 (Sabr'el iner ) was se lec ted  because i t  i s  ava i  1 a b l e  frotn government 

i nven to r y ,  i t  i s  a l o w  wing c o n f i g u r a t i o n  and i t s  s i z e  i s  c o r r c c t  f o r  t h e  

a v a i l a b l e  p ropu l  s i on  system. The mod i f i ed  a i r p l a n e  d i f f e r s  f rom the 

a l l  new a i r c r a f t  i n  two impor tan t  ways; t he  wing  l o a d i n g  i s  cons iderab ly  

l i g h t e r  and i t  i s  about 700 pounds heav ier .  

A l i s t  o f  t h e  cand ida te  a i r c r a f t  w i t h  t h e i r  genera l  characteristics 

are g iven  in Tab lz  4.2-1. 

4.2.1 C o n f i g u r a t i o n  -- 
F i g u r e  4.2-1 shows t h e  general  arrangement o f  t h e  mod i f i ed  Sabre1 i n e r  

(1 041 -735-2). An ove r l ay  cotnpari son w i t h  t h e  ope ra t i ona l  a i r p l a n e  

i s  shown i n  F i g u r e  4.2-2. 

The 1 inF t  and d rag  c h a r a c t e r i s t i c s  a r e  g i ven  i n  F i g u r e  4.2.3, 4.2.4 and 4.2-5. 

The necessary m o d i f i c a t i o n s  i n c l u d e :  a new nose t o  accomniodate t h e  f a n  

i n s t a l  l a t i o n ;  new v e r t i c a l  and h o r i z o n t a l  mi  1 s ;  canopy rep1 aced w i t h  

1 i g h t w c i g h t  enc losure  t h a t  i s  f i x e d  i n  p l  ace; mechanical f l  i g h t  c o n t r o l  

system adapted; (Use o f  c o n t r o l  a c t u a t i o n  and r e t e n t i o n  o f  t h e  e x i s t i n g  

mechanical  system w i l l  be i n v e s t i g a t e d ) ;  f l a p  d e f l e c t i u n  w i l l  be 

inc reased  t o  c l e a r  t h e  t i l t i c q  pod; new h y d r a u l i c  systetn due t o  increased 



30 

Altitude. f t  

20 

Cruise configuration. -- - ST0 configur~tion (flaps down, gzar up, 1 = variable) ---- ST0 configu:ation, one engine out 
Std day 

- Max continuous thrust 
GW 21 208 Ib 

0 . I  .2 -3 -4 .5 -6  .7 -9 

Mach number 

Figure 4.7.7-5.-Level Flight Capability LCFA 1041-1 34 All New Airplane 
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GEOMETRY 

Wing IT-39 unchanged] 
Area 342 ft2 
Aspect ratio 5.8 
Taper rat10 0 33 
Sweepback 28.6 deg C,'4 
Airfoil 64, A212 (mod! root 64. A01 
MAC 100.6 in. 
Span 44.5 f r  
incidence @ roor, 2.9 :I 
Dihedral 3.1 decj 

Horizontal tail (new) 

Area 64 ft2 
Aspect ratio 5.0 
Taper ratio 0.35 
Sweepback 26 deg C.4 

Vertical tail (new) 

Area 59 f t2  

Aspect ratio 1.175 
Taper ra~io 0.393 
Sweepback 25 eeg C.4 

Figure 4.2-7.-Technology Airplane Modified T-39 (Sabreliner), Model 7047-735-2 



Figure 4.2-2.-Overlay Comparison 
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Figure 4.2-3.-Drag Polar LCF.4 7041-135-2 
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Figure 4.2-4.-Low-Speed Drag Polar 
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Figure 4-2-5.-Aerodynamic Lift Power O f f  



power requirements; reworked landing gear rneteri nq needed rc, ;rr unlmcrddte 

t h e  higher s i n k  speed requirements o f  vertical  landinr,; n - ~  r i i x r r  qedr 

i n s t a l l a t i o n  needed t o  accorrsnodate an a f t  swinging s t r u t  due so idn  

i n s t a l l a t i o n ;  body strengthening requ i red  f o r  the l i f t / c r u ~ ; c  propuls~on 
pod i n s t a l l a t i o n  and the new ' I T "  t a i l  loads, The prepuls ion systcni 

w i l l  be the  same as  one i n  t h e  a l l  new technology a i rp lane,  

4.2.2 F l i g h t  Contro ls  

The modi f ied T-39 (Model 1041 -1 35-2) r e q u i r e s  t he  same f l  i g h t  contra1 

systems as the  a l l  new a i rp lane.  The hover i n e r t i a  and gross weiqht 

c h a r a c t e r i s t i c s  a r e  w i t h i n  the  c a p a b i l i t y  o f  the reac t ion  c o n t r o l  system 
f o r  a i rp lane  t r i m  and con t ro l  dur ing  VTOL. 

4.2.3 Weight & Balance 

The mod i f i ca t ion  o f  the T39A t o  a V/STOL technology a i r p l a n e  r e s u l t e d  i n  

a  n e t  enipty weight increase of 7240 l bs ,  The r e s u l t i n g  techno' 3~ a i rp lane  

i s  700 Ibs ,  heavier than the  a l l  new a i rp lane,  The operat ing we igh t  i s  

17,100 lbs. 

4.2.4 Performance 

The takeo f f  and 1 anding performance i s  improved over t h e  a1 1  new a i rn lane  

due t o  the d i f f e r e n c e  i n  wing loading:  froin 120 l b / f t 2  t o  70 1 b / f t 2 .  This  

increased c a p a b i l i t y  i s  unimportant.  

The number of VTO c i r c u i t s  a v a i l a b l e  f rom the  emergency land ing  weight  

i s  reduced due t o  t he  we igh t  increase. Three instead o f  f i v e  are ava i lab le .  



4.3 M O D I F I E D  AIRCRAFT ( L I M I T E D  FLIGHT ENVLLOF'L;) 

Th is  v e r s i o n  o f  t he  m o d i f i e d  Sabre1 i n e r  a i r p l a n e  was examined t a  c l c t e r~~~ i t l t :  

i f  s i g n i f i c a n t  cos t  sav ings were p o s s i b l e ,  The sdv ings a r c  nominal s i nce  

tnuch o f  t h e  program c o s t  i s  assoc ia ted  w i t h  t h e  p ropu l s i on  system which 

i s  e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  o f  the f u l l  envelope a i r p l a n e .  rlight i s  
l i m i t e d  t o  takeo f f  and l and ing  t r a f f i c  speeds, about 760 KEAS. 

Major deve l  opaent sav ings consist o f ;  a reduced f 1  i g h t  t e s t  program j 

ana l ys i s  and s imu la t i on  of h i g h  Mach number c h a r a c t e r i s t i c s  i s  n o t  required; 

drag re f inements  are n o t  necessary i n  a n a l y s i s  and f a b r i c a t i o n ;  h i g h  

speed t unne l  t e s t i n g  i s  n o t  requ i red ;  e j e c t  i o n  through canopy v e r i f i c a t i o n  

i s  n o t  r equ i r ed ,  

F igure  4.3-1 shows t h e  genera l  arrangement of Model 1041-136, t h e  1  i m i t e d  

f l i g h t  e r~ve lope  mod i f i ed  e x i s t i n g  a i r p l a n e .  The modl ' f ica t ions a r c  t h e  

sanie as f o r  t h e  p r e v i o u s l y  descr ibed  d i r p l  dne except :  

An open c o c k p i t  i s  used; Landing gear i s  f i x e d ;  f a n  n o z z l e s  are 
f i x e d  on t h e  a f t  pods, and no nose f a n  i n l e t  doors  are  used, 

The we igh t  savings r e s u l t i n g  f rom these changes make t h i s  ve r s i on  o f  

mod i f i ed  a i r p l a n e  about 100 l b s ,  heav ie r  than the  a l l  new a i ~ * p l a n e .  I t  
w i l l  have about t h e  same V T O  m i ss i on  c a p a b i l i t y  as t h e  a l l  new a i r p l a n e ,  

The p r o p u l s i o n  system w i l l  be t he  same as  t h a t  f o r  t h e  a l l  new technology, 

except t h a t  t he  i n l e t  vanes f o r  t h e  nose f a n  will be f i x e d .  

Th is  a i r p l a n e  will have t h e  same flight c o n t r o l s  system and empennage 

f ea tu res  as t h e  u n l i m i t e d  mod i f i ed  a i r p l a n e  (1041 -135-2). 
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Figure 4.3-7.-Limited Flight Envelope Fechnology Airplane 
Modified T-39 (Sabreliner), Model 104 7-1 36 



4,4 TECHNOLOGY AIRCRAFT COMPARISON 

The co~nparison of the three technology airplanes o f f e r s  classic 
cost/wcight/perfor~nance t radeoffs ,  Table 4 $4-1 presents  a w ( ? i q f ~ t  con~prlrisun 
o f  the  three airplanes. The mad i f i ed  Sabrcl iner w i t h  normal f l  i q h t  cnvcl ope 

i s  approximately 700 I b s ,  heavier t h d n  t he  new airpldne, Thc Sat)rulincr 
w i t h  l i ~ ~ l i t e d  f l ight  envelope 'I's 100 Ibs, hedvier, 

In summary: 

The a l l  new -134 costs the  most, has  low risk on weight and h d s  

good performance, 

The modified T-39 is less expensive, has less we-itlht nlargilis and 

has good per f on~ ia  nce , 

The low speed modified T-39 i s  the  least expensive; i t  has l o w  
risk on weight, b u t  i t s  perforniatice c a p a b i l  i t y  i s  limited t o  low speed. 
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DESIGN DEFINITION STUDY OF A LIFT C R U I S E  FAN 
TECHNOLOGY V/STOL AIRCRAFT 

1NTRODUCTION 

1.0 Recent s t ud ies  by t h e  Navy, a r ~ d  by NASA d u r i n g  c o n t r a c t o r  s t ud ies  

have conf inned t he  f u t u r e  need -For a  h igh  perforlnance V/STOL a i r c r a f t  

f o r  both m i l i t a r y  and c i v i l  a p p l i c a t i o n s .  The Navy r e q u i r e s  a m u l t i -  

miss ion V/STOL a i r c r a f t  i n  t he  1980 's  which i s  c a p a b ~ z  o f  sea c o n t r o l  

opera t ions  from many pl  at fc r lns  as we1 1 as sh ip - to -shore  and shore- to-  

sh i l l  f u n c t i o n s .  

1 + 1  The t u r b o t i p  o r  mechan ica l l y  d r i v e n  1  i f  t l c r u i s e  f a n  V/STOL a i r c r a f t  

e x h i b i t s  an excel  l e n t  p o t e n t i a l  becuase o f  i t s  h i g h  speed, h i g h  a1 t i t u d e  

and range c a p a b i l i t y  coupled w i th  i t s  o v e r a l l  ope ra t i ona l  s u i l a b i l  i ty.  

The expected benef i t i s  o f  t h i s  concept f o r  mu1 t i w o l  e appl  i ca t i ons  makes 

i t  adv isab le  t o  conduct a 1  i f t / c r u i s e  fan  technology a i r c r a f t  f l i g h t  

program. Successful  complet ion o f  t he  f l  i g h t  program and re1  a ted  t,echnol ogy 

support  programs i n  p ropu ls ion ,  aerodynamics, and sinlul a t i o n  w i l l  r c s u l  t 

i n  a f i r m  ba s from which m u l t i - m i s s i o q  a i r c r a f t  f o r  t h e  U. S. Navy can 

b~  d ~ s i g n e d  r t h  conf idence. 1 he technology developed would a l s o  be 

use:,ul i n  cons ide ra t i on  o f  f u t u r e  c i v i l  u t i l i t y  a i r c r a f t  f o r  purposes 

such as off-shure o i l  r i g  ope ra t i ons  and o t h e r  c o n s t r u c t i o n ,  lumbering o r  

development s i t e s  t h a t  a re  l o c a t e d  i n  areas d i f f i c ~ l l t  t o  reach r a p i d l y  

by o ther  modes o f  t r a n s p o r t a t i o n .  

1.2 As an i n i t i a l  s tep  i n  deve lop ing  a  r e a l i s t i c  technology a i r c r a f t ,  

a s tudy phase s h a l l  be performed t o  q u a n t i f y  Navy ope ra t i ona l  a i r c r a f t  

r e q u i r z m e n ~ s ,  develop conceptua l  des igns o f  researbch a i r c r a f t  and assess 

t h e i r  a p p l i c a b i l i t y  t o  ope ra t i ona l  requ i rements .  Th i s  des ign d e f i n i t i o n  

s tudy s h a l l  bk d i r e c t e d  toward a minitnurn c o s t  research  program c o n s i s t e n t  

w i t h  p r o v i d i n g  maxiinurn r esea rch  p r o d u c t i v i t y ,  Navy ope ra t i ona l  demonst ra t ion 

c a p a b i l i t i e s  and proper a t t e n t i o n  t o  sa fe ty .  



2.0 . .  Bas ic  design g u i d e l i n e s  f o r  t h e  technology a i r c r a f t  a r e  g i ven  

i n  Atkachment 1  .,... Th i s  technology a i r c r a f t  w i l l  be used t o  e x p l o i t  t h e  

b e n e f i t s  o f  t h e  1  i f t l c r u i s e  fan system, t o  d e f i n e  f u t u r e  V/STOL a i r c r a f t  

des ign  requi rementr  , t o  o b t a i n  one ra t i ona l  exper ience t o  dnvel  op operiati ng 

techniques t o  se rve  as a f a c i l  i t y  f a r  c o n t r o l / p r o p u l s i o r ~  system t e s t s ,  

and f o r  experiments r e1  ated t o  V/STOI. t e rm ina l  area ope ra t i on  w i t h  advanced 

s l a b i l i z a t l o n ,  guidance and n a v i g a t i o n  systems. ., 

2.1.1 P a r t  I - N A V Y  OPERATIONAL -- AIRCRAFT - REQUIREFIENTS -+- 

The c o n t r a c t o r  s h a l l  eva lua te  Navy requi ren ients  f o r  V/STOL a i r c r a f t  t o  
perfor111 t h e  missions ou t1  l'neci i n  Attachment 11. . . . . Consider ing m i ss i on  

de f i c i enc i es ,  c o s t  and t h e  p o t e n t i a l  f o r  design comrnonal i ty, the  Cont rac to r  

s h a l l  p o s t u l a t e  a co~nprornise des ign mission and des ign  approach t o  

r:ommona'l i t y  f o r  approva l  o f  Navy and NASA. Based upon t h i s  co t~~p ro~n i se  

miss ion,  a  111ul t i  purpose a i r c r a f t  (o r  a i r c r a f t  system) s h a l l  be synthes ized 

and eva luated f o r  adequacy aga ins t  the  o r i g i n a l  des ign  miss ions.  

2.1.2 P a r t  I1 - DESIGN DEFIN IT ION OF LIFT/CRJISE FAN TECtiNOLOGY AIRCRAFT 

To a l l o w  a  t r u e  cotnparison o f  program c o s t  and va lue,  t h e  Con t rac to r  s h a l l  

prepare and eva lua te  a t  l e a s t  t h r e e  s e p a r a t ~  des ign approaches f o r  t h e  

technology a i r c r a f t .  One approach w i l l  be based upon a  new a i r f r a ~ i i e  

us ing  the compromise a i r c r a f t  design o f  Pa r t  I ,  t h e  second w i l l  be based 

upon mod i f y i ng  an e x i s t i n g  a i r f r ame  t o  accept  t he  p r o p u l s i o n  system and 

demonstrate an a b i l i t y  t o  operate  i n  a  f u l l  envelope (i ,e., hover,  t r a n s i t i o n ,  

and hi-speed c r u i s e )  and the t h i r d  approach would be based upon n ~ o d i f y i n g  

an e x i s t i n g  a i r f r ame  t o  accept t h e  p r o p u l s i o n  syrtem bu t  be f l i g h t :  l i m i t e d  

t o  a  maxirnum v e l o c i t y  o f  approx imate ly  16C knots .  . . . .  

2.1.2.1 The Cont rac to r  s h a l l  p rov i de  f o r  each des ign  approach a  surntnary 

o f  t h e  t o t a l  da ta  base such as a i r f r ame ,  engines, compcrrents, aerodynamic, 

c o n t r o l ,  noise,  a v a i l a b i l i t y  o f  o f f - t h e - s h e l f  hardware, and o the rs .  Those 

t e c h n i c a l  develop~nent prograllis and t h e i r  schedul i n g  which a r e  r e q u i r e d  

t o  suppc r t  t h e  technology &mnnstr*ator a i r c r a f t  w i l l  be d e l i n e a t e d  f o r  

eack des ign  approach, To ta l  program budgetary  c o s t s  s h a l l  be de f i ned  f o r  



each des ign approach by f i sca l  year e x p e n d i t u r e s  and key mi lestones 

w i l l  be established. The Cont rac to r  shall determine p ropu l s i on  system 

cos ts ,  through d iscuss ions w i t h  the  app rop r i a te  manufacturers and 

the  Government, and i nc lude  t h e  c o s t  oP design, p r e l  i l n i r i a ry  f l i g h t  

t e s t s  (PFRT), hardware procure~nent, ground support and spares i n  the 
budgetary cos-t: e s t  i~nales . Cost and programs sc hcdu'l e f o r  budgetary 

purposes s h a l l  be based upon t k n  f o l l o w i n g :  

1 )  A one a i r c r a f t  program f o r  each o f  t h e  t h r e e  design 
approaches 1 i sted above. 

2 )  For a second ai rcraf t  i n  each of t h e  above one a i r c r a f t  programs. 



D E S I G N  GUIDELINES AND C R I T E R I A  
FOR 

DESIGN D E F I N I T I O N  STUDY OF A LIFT CRUISE FAN TECHNOLOGY V/STOL AIRCRAFT 
The purpose of these gu ide1 l'nes i s  t o  p rov i de  a b a s i s  f o r  c o ~ l p a r i n ! ~  

the  conceptual  des igns of V/STOL Techno1 ogy a i r c r a f t  us ing  the  

remote 1 i f t - c r u i s t :  fan p ropu l s i on  system. These g u i d c l  i nes  a i  11 

p rov i de  d i r e c t i o ~ i  f o r  o n l y  those itetns r e q u i r e d  f a r  .-.--- c o n c e ~ ~ t u a l  t l e s a n  - 

cons iderat ions,  Th i s  i s  n o t  an a t tempt  t o  p rov i de  c r i t e r i a  f o r  e i t h e r  

t h e  p r e l i n ~ i n a r y  - o r  d e t a i l  - des_ign o f  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,  hand1 i n n  qual i t i e s  s h a l l  be 

c o n s i s t e n t  w i t h  t he  i n t e n t  o f  AGARD-R-577-70 and MIL-F-fl3300. Under 

MIL-F-83300, the  a i r c r a f t  w i l l  bc cons idered i n  the  Class I 1  ca tegory .  

Two l c v e l s  o f  ape ra t i on  w i l l  be cons idered.  Leve'l I i s  nornidl operation 

w i t h  no f a i l u r e s .  Level  2 i s  ope ra t i on  w i t h  a s i n q l e  reasonable  f a i l u r e  

o f  t h e  p ropu ls ion  o r  c o n t r o l  system. 

Upon any reasonable f a i l u r e  o f  a power p l a n t  o r  c o n t r o l  syste111 cotnponent, 

t he  a i r c r a f t  s h a l l  be capable o f  coi~ipl  e t i n g  a STOL f l  i g h t  mode t a k e o f f  

and con t i nu i ng  susta ined f l  i g h l .  For  -the v e r t i c a l  l and ing  f 1 i g h t  mode, 

upon f a i l u r e ,  susta ined hover ing  f l i g h t  i s  r e q u i r e d  a t  s o w  u s e f u l  

a i r c r a f t  gross w i g h t  t o  be determined by t h e  c o n t r a c t o r .  Ax h i ghe r  gross 

weights  f o r  which hover ing  P l i g h t  cannot be susta ined a f t e r  a f a i l u r e ,  

s i n k i n g  v e r t i c a l  f l  i g h t  i s  per rn i t ted p rov ided  t h a t  a i r c r a f t  a t t i t u d e  

re l i~a i r ls  c o n t r o l l a b l e  and t h e  l and ing  gear des ign  s i n k  i s  n o t  exceeded. 

Fan f a i l u r e  du r i ng  l o w  speed f l i g h t  i s  n o t  a design requi?enient (as 

s i m i l a r l y  t h e  case f o r  r o t o r  t ype  o r  p r o p e l l e r - d r i v e n  concepts) ,  a l though  

cons ide ra t i on  o f  gas genera to r  f a i l u r e  i s  a des ign  requi rement .  

1.0 F l i g h t  Safety  and Operat ing C r i t e r i a  

Hand1 i n g  Qua1 i t i t i e s  C r i t e r i a  ( low speed powered l i f  t mode) 

Defi.1 t i o n s  o f  t h e  two l e v e l s  a r e  as f o l l o w s :  

Leve l  1: F l y i n g  qual i t i e s  a r e  as near  aptinla1 as p o s s i b l e  

and t h e  a i r c r a f t  can be f lown by t h e  average 

m i l i t a r y  p i l o t .  

Level  2: F l y i n g  q u a l i t i e s  a r e  adequate t o  con t inue  f l i g h t  

and l and .  The p i l o t  work l o a d  i s  increased b u t  i s  

s t i l l  w i t h i n  t h e  c a p a b i l i t i e s  o f  t h e  average 

m i l i t a r y  p i l o t .  
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Level 2; F l y i n g  q u a l i t i e s  a re  adequate t o  con t i nue  

f l i g h t  and land, The p i l o t  workload i s  

increased bu t  i s  s t i l l  w i t h i n  t h e  c a p a b i l  i t i e s  

o f  t h e  average m i l i t a r y  p i l o t .  

1.1.1 A t t i t u d e  Contro l  Power ( S .  L. , 9 0 ' ~ )  

A p p l i c a b l e  f o r  a11 a i r c r a f t  weights and a t  any speed up t o  

vcon . For purposes of t h i s  study, t h e  VTOL va lues w i l l  a p p l y  

near hover (0 t o  40 k i s ) ' ;  where t he  STOL va lues w i l l  app l y  when 

o p e r a t i n g  above 40 knots ,  The 'Tables 1 i s  t nl in i~i~ur i l  va lues,  h igher  

1  eve1 s a re  d e s i r a b l e  f o r  researctr purposes. 

Level  1 : The l o w  speed c o n t r o l  power s h a l l  be s u f f i c i e n t  t o  

s a t i s f y  the mast c r i t i c a l  o f  t h e  t h r e e  f o l l ~ w i n g  s e t s  

o f  c o n d i t i o n s :  

Cond i t i ons  (a) --- t o  be s a t i s f i e d  s i rnul taneously,  

(1)  T r im w i t h  t he  most c r i t i c a l  CG p o s i t i o n ,  

( 2 )  I n  each c o n t r o l  chanr~el  p rov i de  c o n t r o l  power, 

f o r  maneuver on ly ,  equal t o  t h e  nrost c r i t i c a l  

of t h e  requi rements  g i ven  i n  t h e  f o l l o w i n g  t a b l e .  

These maneuver c o n t r o l  powers are a p p l i e d  so t h a t  1005 o f  

t h e  most c r i t i c a l  and 302 of eacir of t h e  remain ing twc need 
occur  s imul taneous ly .  

- 

Ax i  s 

R o l l  

P i t c h  

Yaw 

Maximum Cont ro l  Moment 

I n e r t i a  

A t t i t u d e  Angl c 
i n  1 sec a f t e r  

a Step I n p u t  

VTOL 

I- - 0.9 rad/sec 
--- 

+ - 0.5 rad /sec  

t - 0.3 rad/sec 

STOL 

-+ + + 6  rdd/sec2 

+ - - 4  rad/sec2 

+ - 0.2 rad/sec2 

VTOL 

-t - 15 deg 

+ - 8 deg 

+ - 5 deg 
--- 

STOL 

+ - 10  deg 

-I- - 6 deg 

+ - 3 deg 



Condition (b )  -- A t  l e a s t  50:: of the ahnve control power shall  be 

availahl e f o r  tnaneuvering , a f t e r  the  a i r c r a f t  i s  

trinimed in a 25 knot crosswind, 

Condition ( c )  -- A t  l e a s t  90;: of t h e  control powcr spcci f  ice in 
condition ( a )  shal l  be availafile aftcr compensation 
of the gyroscopic nioments due t o  the nlaneuvers 

specif ied i n  condition ( a ) ,  This  cnndi t ion includes 

trinl w i t h  t h e  most c r i t i c a l  CG pcsi t ion.  

Level 2: The low speed control power shal l  be su f f i c i en t  t o  s a t i s fy ,  
siniul taneously, the following: 
( 1 )  W i t h  the  most c r i t i c a l  CG position tritn a f t c r  dny 

reasonable s ingle  f a i l u r e  of power plant  or control 

sys tern, 
( 2 )  In each control channel, provide control power, for 

nlaneuver only, equal t o  a t  l e a s t  the  following: 

Control Moment. 
Ine r t i a  

1 Atti tude Angle 
i n  1 sec a f t e r  

Simultaneous maneuver control poww need no t  be greater  
t h a n  100% - 30% - 302. 

Axis 

Roll 

Pitch 

Yaw 

1.1.2 Flight  Path Control Power (SL t o  1000 ft., 9 0 O ~ ) .  

1 .I -2.1 VTOL (0-40 k t  TAS and zero r a t e  of descent)  

A t  applicable a i r c r a f t  weights and a t  the conditions fo r  

50% of t h e  maximum a t t i t u d e  cuntrol power o f  c r i t i c a l  axis  

specif ied i n  para. 1.1 . I  i t  shal l  be possible t o  produce 

the following incremental accelerations f o r  height control:  

VTOL 
+ - 0.4 rad/sec2 

+ n 0.3 rad/sec2 

-i- 0.2 rad/sec 2 - 

a Step Input 
STOL 

+ - 0.3 rad/sec 

+ - 0.5 radlsec 

+I- 0.15 r a d j s e c  - 

VTOL 

+ 7 d e g  %- 

+ 5 deg 

- + 3 deq 

STOL 

.t - 5 dey 

+ 5 deg 

+ - 2 deg 



Level 1 : 

(a )  In f r c c  a i r  $ +  O,?g .. 
( b )  tli th wheels just c lea r  of t h ~ !  qround 

- O . l O q ,  3. 0.05q 

Level 2 :  

( a )  In f ree  a i r  - O . l g ,  + 0.059 

(b )  With wheels just clcav o f  t h e  qround 
- 0.10g, + O.OQg 

I t  shall  a l so  be possible t o  produce t he  followinn 
hor-izontal incremental accelera t ion,  b u t  not simultanrously 
w i t h  height control ,  

Level  1 :  + 0.15g 

Level 2 :  t - 0,lOg 

A t  applicable a i r c r a f t  weights i t  shall be possible t o  
produce the following s t a b i  1 ized thrust-wciqht r a t i o s  

ni thout a t t i t u d e  control inputs. 

Level 1 :  1 .05 in free a i r  (Takeo f f  power r a t i ng )  

Leve l  2 :  = 1.03 i n  f r e e  a i r  (Cmerqency power r a t i nq )  

1 . I  .2.2 VTOL and STOL Approach (40 k t s .  t o  VCON) 

A t  the  applicable l a n d i n g  weight the afrcraft shall  be 

capable of making an approach a t  1000 FPM r a t e  o f  descent 

while simultaneously decelerat ing at 0.089 a lon j  the f i i q h t  

path. 

It shall  be possible t o  produce t he  followins incremental 
normal accelerat ions by r o t ~ t i o n  alone (angle  of a t tack 

change and constant t h r u s t )  i n  l e s s  $hti 1 .5  seconds a t  the 

ST01 landing approach aircpeed where reasonable ro ta t ion  

( a n g l e  o f  at tack changes) will produce a t  least  0.15g's. 



Level 1 :  + - O.1g 

Leve l  2:  -I - 0.059 

It shall be possible t o  produce the Following norrllill 

accelerat ions i n  a t  l e a s t  0 .5  seconds for  f l iqht  path, 

f lare ,  or  touchdown control by e i t he r  tf~rust chanqcs 
or combined thrust changes and ro ta t ion a t  STOl  landinq 
approach speeds below which C.  1 5 9 ' s  can be praduced by 

reasonable ro ta t ion alone. 

Level 1: + - 0. lg  

Level 2 :  2 0.059 

1 -1.3 VTOL and STOL Low Speed Control Systan Lags (S.  L. t o  1000 ft . 90 ' ) .  

The effect ive  t h e  constant (time to  63'.: af  t he  f inal  value) 
for a t t i t u d e  control n~onients and f o r  f l i g h t  p a t h  control forces 
shal l  n o t  exceed the  levels  g iven  in t he  following table :  

W i t h  a step-type i n p u t  a t  the p i l o t ' s  control the comnianded 
control moment or force shall  be appl ied within the following: 

Att i tude 
Control fllonlents 

F l i g h t  Path 
Control Forces 

Level 1 :  0.3 seconds for 0.5 inches o f  p i l o t ' s  cont;*ol 

0.5 seconds f o r  f u l l  p i l o t ' s  control 

Level 1 
--. 

0.2 sec 

-.- 

Level 2: 0 .5  seconds f a r  f u l l  p i l o t ' s  control 

l e v e l  3 
.- 

0,3 - c 

". - - -- 

1.2  STOL Takeoff Performance 

The climbout gradient  in the takeoff configuration,  a t  t a k e o f f  

gross weight, w i t h  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  off shall  be posit ive and the  a i rcraf t  will continue 
t o  accelerate. 
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During takeoff w i n g  l i f t  shall n o t  exceed 0.8 CLMAX No catapul ts  

or  a r res t ing  gear wil l  be u t i l i zed .  The rolliwng coeff ic ient  of 
f r i c t i o n  will be 0.03 ( for  ca lcu la t ions ) .  

Conversion Requirements (STQL and VTOL) 

I t  must be posiible t o  stop and reverse the conversion procedure 
quickly and safe ly  without undue complicated operation of the 
powered l i f t  controls .  

The rr~axinium speed in the powered-1 i f t  configuration shall  be a t  
l e a s t  20:: greater  than the power-off shall  speed i n  t he  converted 
configuration fo r  level 1 operation and the speed i n  the power~d 
1 i f t  configuration shall  be a t  l e a s t  10; greater  than t he  power off  
s t a l l  speed for  t he  level 2 operation. 

Mission 

Mission Su~nmary 

The mission, payload, and range af the technolayy a i r c r a f t  wi l?  be 

derived through consul t a t ion  w-i t h  the contractor,  Novy and NASA 

and wil l  be based upon the findings o f  Part I of this  study, 

General Design Guide1 ines 

Austeri ty i s  t o  be s t ressed b u t  not by compromisinq sa fe t y .  

The l i m i t  load fac to r  wil l  be no l e s s  than + 2 - 5 9 ,  - 0.5g. 

Suff ic ient  a t t i tude  control power wil l  be avail3ble t o  per fo rm 

research on control requirements, The contractor shal l  indicate 
those axes where greater  control power than required in section 1 .0  
would be made avai lable  f o r  research purposes. 

The modified exist ing airframe designed with the 1 imited f l  ight  
envelope should have a maximu~n f l  ight  speed o f  approxitnately 160 
knots. This a i r c r a f t  could use a fixed landing gear. A re t rac t ing 
gear would be acceptable if i t  were avai lable  a t  no cos t  increase. 



3.5 New a i r c r a f t  cotnponents w i l t  be designed f o r  approximdtel  v 5(111 

f 1 i g h t  hours. 

3.6 A d d i t i o n a l  I n f o rma t i on  

- Elinimum Miss ion  Ti111e 

VTOL Miss ions  

STOL Miss ions  

1 /2  hour 

I hour 
Cru i  se/Er~durance M i  ssion 2 hour 

- Pay Load (not  i n c i u d i n q  crew)  2500 1 bs , ( m i  ninlunl) 

Volume 50 cu. f t. 
- C r e w  2 p i l o t s  ( f lyab le  by or](! 

p i l o t  only, o r  by 
e i t h e r  p i  1 o t  ; 

- Sink r a t e  a t  touchdown 12 f p s  s t  max l and inq  weir lht 

- C e i l i n g  
(Low Speed r e s t r i c t i v e  c o n f i g u r a t i o n )  75,000 f t .  

(Nonpressur ized c o c k p i t )  

- Cockpi t  Environmental Syster~ M i  n i tnu~r; 

- P i l o t ' s  Prirnalsy F l i g h t  Con t ro l s  S t i c k  and Peda ls  
- E j e c t i o n  Syr,ten~ f o r  b o t h  p i lo t s  

- Maxin~um p o s s i b l e  v i s i b i l i t y  



Sumrnary o f  Missions, Design Guidcl i nes ,  dnd Des ign Technica l  
Infowlat- lon Desired f o r  t h e  P r e l i m i n a r y  A i r c r a f t  Desiqns dnd 
Mu1 t i  purpose A i r c r a f t  Des inned f o r  the Coniprorr~i ce M i s s  i o n  (Pa r t  I ) 

INTRODUCTION 

The purpose o f  Attachment I 1  i s  t o  p rov i de  t h e  bas i s  f o r  des iqn inq  t h e  

p r e l  i tn inary  a i r c r a f t  of Pa r t  I and t h e  mu1 t i  purpose a i r c r a f t  designed 

-For the  comproniise ~ l i i s s i o n  as s p e c i f i e d  i n  P a r t  I o f  t h e  Statement of Work. 

F i v e  n i iss ions a r e  descr ibed. 

Miss ion Summary and Desiqn Rerjuiremcnts 

1 .O M I S S I O N  SUMMARY 

A. Sc r face  A t tack  ( S A )  - Sea Cont ro l  M iss ion  

Loading; ( 2 )  Harpoon, (2 )  AIM-9 

Cond i t ions :  ST0 w i t h  400 f t  deck run  and v e r t i c a l  l and ing  b o t h  

a t  89.8'~. Te!> kno ts  WOD f o r  t akeo f f .  A l l  f u e l  

consumption -Ll: be c a l c u l a t e d  a t  Standard Day Cond i t ions  . 

Note: Ex te rna l  f u e l  pe rm i t t ed  i f  w i t h i n  ST0 c a p a b i l i t y ;  

tanks dropped when empty o r  p r i o r  t o  combat whichever 

occurs f i r s t .  

1. - Warm-up, t akeo f f ,  acce l .  t q  - c l i m b  speed - 2-1/2 min. a t  

i n t e rmed ia te  t h r u s t .  I n s t a l l e d  sea l e v e l  s t a t i c  cond i t i ons .  

2. Clinil: - To BCAV a t  i n t e rmed ia te  thrust. 

3. Cru ise  - To rad ius  t o  BCAV 

4. Descend t o  20,000 ft. No fue l  ud2d, no t ime  or d i s t a n c e  c r e d i t .  

5. L o i t e r  - 2 hours a t  20,000 ft. a t  speed f o r  b e s t  endurance. 
1x0 



6 ,  Co~trbat - 5 min,  a t  i n t e r r~ i ed ia te  t h r u s t  a t  20,000 f t .  MN :- 0.3, --- 
7,  C l i ~ l ~ b  - From 20,000 ft, t o  BCAV a t  i n t e r m e d i a t e  t h r u s t  . -- 
3.  Cruise - A t  BCAV t o  po in t  n f  takeoff ---- 
9. -- Descend - t o  Sea Leve l  - No fuel  used, no t i~rre  or d i s tance  crt lci i  t 

10, -Am-- L a n d i i  A1 1 owance and l ieserve - fuel  f o r :  
-*-----+------- ------ 

( a )  10 ni in. l o i t e r  d t  / ~ ~ s t  endurance spccd a t  sea l e v e l  

(6) 51 t o t a l  i r l i t i d l  fuel 

Loading : ( 2 )  MK - 46 torpedoes, (50) mixed sonobuoys - 
(sonobuoys w t .  1760 1 b )  w i t h o u t  con ta i ne rs  

Condi t ions;  ST0 w i t h  400 ft, deck r u n  and v e r t i c a l  l and ing ,  bot.. 

a t  39.8 '~.  Ten knots MOD f o r  t akeo f f .  All f u e l  

consumption t o  be c a l c . ~ l  a t e d  a t  Standard Day Cond i t ions .  

1 . Wartn-up, takeof f  ,,,9accel . t o  cl inlb speed - 2-1/2 i n t e rmed ia te  

t h r u s t .  I n s t a l  led sea level s t a t i c  cond i t i ons .  

2. C l imb - To BCAV a t  i n t e rmed ia te  t h r u ~ t  

3. Cru ise  - To radius a t  BCAV 

4. Descend - To 10,300 ft. no f u e l  used, no t ime  o r  distance c r e d i t ,  

5. L o i t e r  - A t  10,ObO ft. and speed f o r  bes t  endurance - 4 h rs .  

6. C l imb - A t  i n t e rmed ia te  t h r u s t  t o  BCAV. 



7, Cruise - To s t 3 r l i n g  p o i n t  a t  BCAV 

8. -- Descend - To sea l e v e l .  No fuel used,no t ime  or d i s t a n c e  c r e d i t .  

9. Landing Allowance a n d _ R e s - e ?  - Fuel f o r :  

(a )  10 min, a t  bes t  endurance speecl at; sea l e v e l  

(b) 52 t o t a l  i n i t i a l  f u e l  

C, V e r t i c a l  Onboard -- Del i v e r y  UODJ - 

LOO0 N. M I .  

Loading: 5000 I b. d isposab le  payload, tnay i n c l  ude p a l l e t s ,  but 

n o t  l i f e  r a f t s ,  cargo l oad ing  equipment, e t c .  

Cond i t i ons :  ST0 w i t h  - 450 ft, deck run and v e r t i c a l  l and ing ,  bo th  

a t  89.8 '~.  Twenty knots  WOO f o r  t a k e o f f .  A l l  f u e l  

consumption t o  be c a l  cu7 ated  a t  Standard Day cond i t i ons .  

I .  Warm-up, t a k e o f f ,  accel .  t o  c l i n ib  speed - 2-1/2 min,  a t  

i n t e rmed ia te  thrust. I n s t a l  l e d  sea l e v e l  s t a t i c  conc ' i t i ons .  

C l i m b  - To BCAV a t  i n t e rmed ia te  thrust. 
2 4  - 
3. Cru i se  - To radius a t  BCAV, 

4. Descend - To sea l e v e l .  No f ue l  used, no t i m e  or d i s tance  credit. 

5. Landing Allowance and Reserve- - I'tiel for: 

( a )  20 min. L o i t e r  a t  bes t  endurance speed a t  sea levei .  
(6) 5% t o t a l  i n i t i a l  fuel 



Note: VOD des igns should be s i zed  t o  c a r r y  a t  l e a s t  t h e  f o l l o w i n g :  

( a )  Passengers: 17 - 23 p l u s  3 crew 

( b )  350 i n  r o t o r  b lade 

( c )  F401 engine on stand (no a f t e r b u r n e r )  

(d)  463L H a l f  p a l l e t  (88'' x 54")  
( e )  TF34 engines on s tand 

If i n t e r n a l  c a r r i a g e  o f  t h e  r o t o r  b lade c rea tes  an adverse impact 

upon t h e  a i r c r a f t  des ign  e x t e r n a l  c a r r i a g e  may be considered, 

Ex te rna l  c a r r i a g e  o f  blades up t o  420 inches l o n g  should be examined, 

0. Surve i  1  I ance 
5 1 3 4  

75 N. M I .  

Cond i t i ons :  ST0 w i t h  400 ft. deck r u n  and v e r t i c a l  l t1nding bo th  

a t  89.8'~. Ten knots  WOD f o r  takeoff .  A l l  f u e l  
consumption t o  be ca7 cuated a t  Standard Day Cond i t ions .  

Loading M i s s i o r ~  F v i o n i c s  

1 . Warm-up, takeof f ,  and accel . l o  c i  imb speed - 2-1 / 2  min.  a t  

i n t e rmed ia te  t h r u s t .  I n s t a l l e d  sea level s t a t i c  cond i t i ons .  

2. Cl imb - To BCAV a t  i n te rmed ia te  t h rus t  

3. C ru i se  - To r a d i u s  a t  BCAV 

4. L o i t e r  - On s t a t i o n  4 hours a t  best  endurance speed a t  25,000 ft. 

o r  h igher .  

5. Cru i se  - To p o i n t  of t a k e o f f  a t  BCAV. 

6. Descend - To sea 1  eve1 ., No fue l  used ,no t ime  or d i  smtance c r e d i t .  



7. Landing al lowance and reserve - Fuel f o r :  

( a )  10 min, l o i t e r  a t  bes t  endurance speed a t  sea l e v e l  

( 6 )  5% t o t a l  i n t i a l  f u e l  

Loadsing : (2 )  AIM-9, M I N I  GUN and 1000 Rounds AMMO 

(Product ion Gun T u r r e t  System) (a1 1 r e t a i n e d )  

and GOO// Armour. 

Cond i t i ons  : ST0 w i t h  400 ft. deck run ,  m id -po in t  hover,  and 

v e r t i c a l  l a n d i n g  a t  89 .$OF. A1 1 f u e l  cuns~ lup t i on  

t o  be c a l c u l a t e d  a t  Standard Day c o n d i t i o n s ,  

Note: Ex te rna l  fue l  pcrmi t t e d  i f  w i t h i n  ST0 capab i l  i t y ,  
tanks dropped when ellipty o r  p r i o r  t o  hover whichever 

occurs  f i r s t  + 

1 .  - Wann-up, takeoff ,  acce'l . t o  clitnb speed - 2-1/2 min. a t  i n t e rmed ia te  

t h r u s t ,  I n s t a l  l e d  sea l e v e l  s t a t i c  c o n d i t i o n s .  

2 .  Climb - To BCAV a t  in te rmed ia te  t h r u s t  

3. C ru i se  - To 350 nrn a t  BCAV l e s s  d i s t a n c e  covered i n  c l i m b  

4. -.- '.-. tdr - - 20 min. a t  optinium a1 t i t u d e  and a i rspeed  

5. Descent.- To sea l e v e l ,  no f u e l  used, no t ime  o r  d i s t ance  c r e d i t .  

6. Dash - 50 nm a t  sea l e v e l ,  Mach 0.8 t o  pickup area 



7 Personnel Pickup - Fuel a1 1 owance for 10 min, hover a t  
sea level (OGE) pickup 2 personnel (400 I b. ) 

8. - Dash A t  Mach No. 0,8, 50 n111 a t  sea level 

9. Climb - To BCAV a t  i n t e r ~ ~ ~ e d i a t e  thrust 

10. Cruise - A t  BCAV t o  p o i n t  of takeof f ,  350 nln less  d is tance 
covered i n  clfmb, 

11. Descend - To sea level. No fuel used, no time or distance credi t .  

12.  Landing A1 lowance and Reserve - Fuel for :  

( a )  10 min, l o i t e r  a t  best endurance speed a t  sea level 
(6) 5% total  i n i t i a l  fuel. 

MISSION NOTES 

1. If a short term engine rating is  developed which provides greater 
than intermediate t h r u s t  f o r  t a k e o f f  the takeoff fuel allowance shall 
be calculated as the sum o f :  

(a )  2 minutes a t  intermediate thrust 
(b) l / 2  minute a t  t a k e o f f  thrust 

2, All mission calculations shall include 5% fuel flow tolerance. 

3 .  BCAV: Best c r u i s e  a l t i tude  velocity '+ 

4, Crew conlpl ement: SA-3, ASW-4, VOD-3, Surveil 1 ance ,-4, C (STRIKE) 

SAR-4; includes H o i s t  operator and swimmer. 

2.0 V/STOL PERFORMANCE 

A. ' jERTICAL TAKEOFF (VTO) 

1 .  09.8O a t  sea level.  

2. WOD - variable direction/velocity, no l i f t  c o n t r i b u t i o n  

3 ,  Trimmed f 1 i gh t  condition 

4.. Ratio o f  net vertical force t o  takeo f f  weight = 1.95 
in and o u t  of ground effect  

5. Propulsion induced effects and losses due to  trim requirements 
should be accounted for 

185 



B - SHORT TAKEOFF (STO) 

1 ,  89.8'~ at sea level 

2.  Available deck run distance is  for niain gear t r ave l  

3 .  Horizontal acceleration a t  l ea s t  ,065 g a f t e r  l i f t o f f  

4. For aircraft rotationlreconf igurat ion a f t e r  1 iftoff contractor 
should specify criteria used in de f in ing  and constraining the 
takeoff. 

C. TAKEOFF AND LANDING TRANSITION 

Transition to wing-borne f l i g h t  will. be accomplished at speeds not 
less than 120% of power-on s ta l l  speed for ful ly  wing-borne f l i g h t .  
In addition, an acceleration of .065 A I G  will be possible throughout 

a (1 eve1 fl ight )  transition, 



APPENDIX B - INSTALLED PROPULSZOf! PERFORMANCE 

OPERATIONAl. (1 985) 

The i n s t a l l e d  propuls ion performance used was developed dur ing  the studies.  

As a r e s u l t  the  performance changed as the  analys is  progressed. Two 
dSscreet sets were used. The f i r s t  s e t  was based on Hamil ton-Standard's 

fan performance l i n k e d  t o  a T-55 gas generator,  This d a t a  was then 
scaled t o  approximate the  A l  1 i son  T-701. The i n s t a l  1 ed performance i s  

shown i n  Figures B-1 t o  8-10. A 62 i nch  d ian~eter  fan  i s  used w i t h  the  
appropr iate engine s ize,  A 5% fuel allowance, f o r  serv ice  to lerance i s  

included. During t h i s  same period, the  s t a t i c  perfot4mance a t  sea l e v e l  
and 9 0 ' ~  was: 

2 Engines/3 Fans; In termediate Rating, F = 34000 7 b. 

1 Engi ne/3 Faris, contingency r a t i n g ,  F 24500' 1 bs. 

Figures B-1 t o  B-5  show f u e l  flow vs. n e t  t h r u s t  a t  a1 t i  tudes o f  0, 10,000, 

20,000, 30,000 and 40,000 fee t ,  Figures 0-6 to 0-10 show ram drag as a f u n c t i o n  

o f  gross t h r u s t  fo r  t h e  same cond i t ions .  

The second s e t  o f  data was received from A l l  isan i n  June 1975, The developed 

vers ion o f  t he  T-701 was c a l l e d  PD 370-1 5. The i n s t a l  1 ed thrust and f u e l  

f lows used t o  ca l cu la te  the mul t i -m iss ion  a i rp lane  perfornlance i s  shown i n  

Figures 0-1 1 t o  6-22!. I n s t a l  1 a t i o n  1 osses are summarized on Tab1 e 0-1. 

Techno1 ogy Airpl ane 

The i n s t a l  l e d  performance f o r  the  technology a i rp lane  5s based on minor 
mod i f i ca t ion  t o  the c u r r e n t  T-701 w i t h  the  operat ional  62  inch  fans. This 
engine was designated PD 370-16, The contingency r a t i n g  was augmented by 
the use o f  water/alcohol i n j e c t i o n .  The performance i s  g iven i n  Figures 

B-24 t o  B-35. The i n s t a l  l a t i o n  losses given i n  Table  8-1 apply. 



TABLE 13-1 

I nl e t  Recovery 

Transmission loss 

Power Extract3 on 
per Ajrp1 ane 

Engine Bleed 

Nozzle C,,' s 

INSTALLATION LOSSES 

(MULTI-MISSION A 1  RPLANES) 

4% o f  requ i red  fan power 

VLAND9 Emergency = 23 HP 

VLAND, Normal 200 HP 

7TOL Takeoff  = 200 HP 

d t  Srnb ( In termediate)  = 200 HP 

Max. Cruise and be1 ow 143 HP 

Figure 13-23 



HAM-ST0 INSTALLATION LOSSES 

0 BLEED 0 HPX 

INLET RECOVERY 
I 

M S  0.4 M >0.4 
0.993 0,997 

FNCH NUlrlBER 
0.3 FAN NOZZLE C,, 

0.2 13.1 0 MG0.4 M>0.4 

0.99 0.995 

1 1 1 I - 
4 6 8 10 12 14 16 

NET THRUST - FN - 1000 LBS. 
Figur5 ti-7.-Crvise Performance Sea Level Standard Day 



HAM-STD INSTALLATION LOSSES 

CRUISE PERFORMANCE 

STD DAY 

0 BLEED 0 HPX 

INLET RECOVERY 

M90.4 M >0,4 

0.993 0.997 

FAN NOZZLE CV 

MG0.4 M X . 4  

0.99 0.995 

MACH NUMBER 

NET THRUST - FN - 1000 LBS* 

Figure 8-2.-Cruise Performance 70,OOG-I? Standard Day 



W3-I NUMBER 

0.5 

HAM-STD f NSTALMTIOM LOSSES 

0 BLEED 0 IiPX 
AP 

= -004 
P~~~ DUCT 

INLET RECOVERY 
.M 0.4 M > 0.4 
0.993 0- 997 

FAN NOZZLE Fy 

NET THRUST , FN - 100 LBS. 
Figure B-3.-Cruise Performance 20,000-ft Standard Day 



HAM-STD INSTALLATION LOSSES 

0 BLEED 0 HPX 

MACH NUMBER 

0.8 

INLET RECOVERY 

FAN NOZZLE C,, 

I I i 1 k - 1- 
20 24 28 32 3 6 40 44 

NET THRUST - F - 100 LBS . 
Figure 8-4.-Cmise Performance 30,000-ft Standard Day 



HAM-STD INSTALLATION LOSSES 

0 BLEED 0 HPX 

I MACE NUMBER 

NET THRUST - FN - 100 LBS. 

INLET RECOVERY 
M < 0.4 M >0.4 
0,993 0.907 

FAN NOZZLE Cy 

Figure B-5.-Cruise Performance 40.000-It Standard Day 



GROSS THRUST FG - 1000 LBS. 

Figure 8-6.-Cruise Performance Sea Level Standard Cay 



GROSS THRUST - FG - 1000 LBS. 
Fig~re  5-7.-Cruise Performance 10,000-ft Standard Day 



GROSS THRUST , FG - 1000 LBS. 
Figure B-8.-Cruise Performance 20,000-ft Standard Day 



GROSS THRUST - FG - 1000 LBS. 

Figure B-9.-Cruise Performance 30,000-ft Standard Dzy 



GROSS THRUST, FG , 1000 LBS. 

Figure 8-10.-Cruise Performance 40,000-ft Standard Day 



2 ENGINES/J FANS - VTOL 

1 I I I I 1 I -7 - 
5 0 6 0 70 80 90 100 110 120 

AMBIENT TEMPERATURE - OF 
Figuro B-I  7.-Allison PD370- 15 lnsialled Performance 



2 ENGINES/3 FANS 

1 ENGINE/3 FANS 

40 - 

36 - 

32 - 

28 - 

24 - 

2 ENGINES/Z FANS 

SEA LEVEL 2 ENGINES/3 FANS 
' r lo POWER 

2 ENGINESI2 FANS 
T/O POWER 

1 ENGENE/3 FANS 
CONTINGENCY POWER 

I A I 

5 0 100 1 ;o 

VELOCITY KNOTS 

Figure 8-12.-Allison PD370-75 installed Performance 



SEA LEVEL 
ST0 DAY 

0.6 
MACH NUMGER 

i i i i, I b .I> 1'4 

NET THRUST FN - 1 000 LBS . 

Figure B-73.-Allison PD370-75 Installed Cruise Performance Sea Level 



10000 FT. 
STD DAY 

Figure B-14.-Allison PD370-75 Installed Cruise Performance 10,000-ft 

ce 
4 
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3: 
0 
-I 
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-I 
W 
=> 
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0 

0.2 

I I I 1 I I 
0 1 

I 1 
2 3 4 5 6 7 

NET THRUST - FN - 1000 LDS . 



20000 FT. 
STD DAY 

MACH 

NUMBER 

L 
I I I 

0 1 2 3 4 
I 

NET THRUST - FN - 100 LBS. 

Figure 8-1 5.-Allison PD370- 15 Installed Cruise Performance 20,000-M 



30000 FT. 
STD D.4Y 

MAC I-I 
NIJMBER 

Figure El- 76.-Allison P0370- 15 Installed Cruise Performance 30,000-ft 



40000 FT,  
STD DAY 

MACH NUHBER 

1 I 1 I I I 

2 4 6 5' 1 CI 12 r 

NET TIiRUST - Fyl - 7 00 LOS. 

Figure B- 17.-Aliison PD370-15 Installed Cruise Performance 40,000 /t 



MACH HUMBER 

SEA LEVEL 
STD DAY 

GROSS THRUST,FG -1OCO LSS- 

Figure B-78.-Allison PD270-15 installed Cruise Performance Sea Level 



10000 FT, 
ST0 DAY 

i A 1l2 1'6 2'0 214 

GROSS THRUST - FG - I000 LBS 

Clgure 8-19,-Allison PD370-7 5 Installed Cruise Performance 10,000 I t  



MACH NUlYBER 

GROSS THRUST - FG rc. 1000 LBS. 

Figure 8-20, -Allison PD370- 15 Installed Cruise Performance 20,000 fl  



30000 FT, 
STD DAY 

MACH IIUMBCFT 

i i i i i ;J I b 
GROSS THRUST - FG ,+ 1000 LBS. 

Figure B-21,-Alllson PD370- t 5 Installed Crulse Performance 30,000 ft 



40000 FT, 
STD DAY 

I I I I I I 

2 3 4 5 6 7 

GROSS THRU5T , FG , 1000 LBS. 

FIgure B-22.-Allison PDS70-15 Installed Cruise Performance 40,000 ft 



FAN NOZZLE 
(INCLUDES AC,, FOR 

SCRUBBING DRAG) 

NOZZLE PRESSURE RATIO 

Figure 8-23.-Nozzle Velocity Coefficients 



SEA LEVEL STATIC 

2 ENGINES/3 FANS - VTOL 

2 ENGINES/Z FANS - STOL 

1 ENGINE/3 FANS 
CONTINGENCY (WET) 

AMBIENT TEMPERATURE - OF 

Figure 8-24,-Allison P D370- 16 Installed Performance 



SEA LEVCL 
90'~ DAY 

2 ENGINES/3 FANS 

CONTINGENCY POWER 
/ 

2 ENGINES/Z FANS 
T/O POWER 

VELOCITY - KNOTS 

2 ENGIhES/3 FANS 

1 ENGINE/3 FANS 

2 ENGINES/2 FANS 

Figure B-25.-Allison PD370-16 lnstallcd Performance 



SEA LEVEL 
STD DAY 

MAX CRUISE 

0 

NET THRUST - FN - 1000 LBS.  

Figure B-26.-Allison PD370- 16 Installed Cruise Performance Sea Level 



10000 FT 
STD DAY 

MCR 

MACH 
NUMBER 

NET THRUST FN - 1000 LBS. 

Figure 8-27.-Allison PD370-16 Installed Cruise Performance 7 0,000 fi  



20000 FT 
STD DAY 

MCR 

MACH 
NUMBER 

I 1 I I I 
0 1 2 3 4 

NET THRUST - FN - 1000 LBS. 

Figure B-28.-Allison PD370-16 Installed Cruise Performance 20,000 ft 



30000 FT 
STD DAY 

MCR 
MACH 

NUMBER 

0.6 

NET THRUST- FN 100 LBS. 

Figure 8-29.-Allison PD370- 16 installed Crulse Performance 30,000 it 



MCR 

MACH 
NUMBER 

0.6 

NET THRUST - FN - 100 LDS. 
Figure 8-30,-Allison PD370-16 installed Cruise Performance 40,000 ft 



SEA LEVEL 
STD DAY 

WCH NUMBER 

I I I I I I I 1 I L 1 
! 0 12 14 16 18 20 22 24 26 28 3 0 

GROSS THRUST - FG - l O O D  Lf + 

Figure 5-3 7.-Allison PD370- 7 6 lnstailed Cruise Performance Sea Level 



20000 FT 
STD DAY 

MACH NUMBER 

GROSS THRUST - FG - 1000 LBS. 

Figure 8-32.-Allison PD37D-16 Installed Cruise Performance 70,000 ft 



10000 FT 
STD DAY 

MACH NUMBER 

1 1 1 I 1 1 

6 a 70 14 16 18 2 o 2 2 
1 

12 
1 1 

GROSS THRUST - FG - 1C00 LBS. 

Figure 8-33.-Allison PD370- 7 6 Installed Cruise Performance 20,000 ft 



30000 FT 
STD DAY 

MACH NUMBER 

GROSS THRUST - FG 1 000 LBS 

Figure 5-34.-Allison PD370- 16 Ins tailed Cruise Performance 30,000 f t  



40000 FT 
STD DAY 

GROSS THRUST - FG - 100 58s. 

Figure B-35.-Allison PD370-16 Installed Cruise Performance 40.000 ft 



APPENDIX C - GROUND EFFECTS- 

T h i s  d i scuss ion  of ground e f fec ts  I s  q u a l i t a t i v e  and i s  ta!ied on reason 

and e x p e r i  ence, 

The ground e f f e c t  phenon~ena of i n t e r e s t  i n vo l ves  chanqes i n  t h e  f o r ces  and 

n~ornents on the  airplane, and r e c i r c u l a t l o n  and r e i n g e s t i o n  o f  exhaust qas 

due t o  t h e  presence of t h e  ground. 

The exhaust f l o w  p a t t e r n  i s  i l l ~ s t r a t ~ d  on F igu re  C-I. Consider ing t he  
fan exhausts as f l ow  sources, s tagna t ion  po in ts  and flow r re in forcea~ent  

l i n e s  ( f oun ta tns }  are shown i n  hover i n  f f ~ u r e  C-2, The f o l l o w i n g  d i scuss ion  

i s  based on t h f s  est imated f l o w  pa t t e rn .  

Forces and Moments 
The regions o f  p o s i t i v e  and negat i ve  p ressure  can be e s t i ~ n a t e d  from 

the  f l o w  pa t t e rn .  I n  r i g u r e  7A-13 t he  dens i ty  of t h e  + and - s i qns  i n d i c a t e s  

t h e  p ressure  d i s t r i b u t i o n  f a r  hover ing.  The incrementa l  f o r ces  on the 

a i r p l a n e  by i n s p e c t i o n  appear t o  be p o s i t i v e  ( i n  t h e  l i f t  d i r e c t i o n ) .  T h i s  

f o r c e  increment  i s  a f u n c t i o n  of the p ressure  d i s t r i b u t i o n  and the cu rva tu re  

o f  the  sur face.  The pressure d i s t r i b u t i o n  i s  a l s o  a  f u n c t i o n  o f  f o rwa rd  
speed o r  wind v e l o c i t y ,  The spanwise re i n fo r cen~en t  l i n e  moves a f t  w i t h  speed 

causing the  p o s i t i v e  pressure concen t ra t i on  a1 so t o  move a f t ,  Again, by i nspec t i on ,  

i t  appears t h a t  a nose down p i t c h i n g  moment w i l l  occur i n  qround e f f e c t .  The 

magnitude o f  t h i s  moment change as the a i r p l a n e  en te r s  and leaves ground a f f e c t  

must be determined exper imenta l l y ,  however, i t  i s  our  o p i n i o n  t h a t  t h i s  moment 

change w i l l  be gradual  enough t o  be c o n t r o l l e d  by t h e  proposed r e a c t i o n  (var iable  
p i t c h )  c o n t r o l  system. Gperat inq exper ience w i t h  the X-14, X V - 5 A ,  and the Harrier 
show t h a t  such nlornent and f o r c e  incretnents can be c o n t r o l l e d  manual ly,  without  an 

extensive l e a r n i n g  pe r i od .  Use o f  an a t t i t u d e  h o l d  mode on t he  au tomat i c  f l i g h t  
c o n t r o l  system cou ld  f u r t h e r  simp1 i f y  the t r a n s i t i o n  i n t o  and o u t  o f  ground 

e f f e c t ,  

PBEXXLDING PAGE BULNB. 



Hot  Gas I nges t i on  1 

H o t  gas i n  t h i s  systern occurs f n  the  co re  of t he  l l f t / c r u i s e  fans. The 
h o t  core i s  surrounded by about  t e n  l i m e s  a s  much cool  fa^ a i r ,  For 
ground o p e r a t i o n  t he  engine exhaust f low p a t t e r n s  f o r  t he  Raei~q 
1041-1 33-1 c o n f i g u r a t i o n  a r e  i nd i ca t t l d  i n  F i r lure  C-1 . l n  the  in l i oa rd  

s e c t i o n  between t h e  engines a f o u n t a i n  w i l l  pr.obahly r e s u l t  i n  f a n  

and p r imary  exhaust f l ows  c i r c u l a t i n r l  undernrath the fuselaqe cnd wi nq, 

The fuse lage and l a w  wing w i l l  a c t  as  a d e f l e c t o r  which w i l l  m i n i m i l e  

exhaust gas r e c i r c u l a t i o n  and i n l e t  i n q e s t i o n ,  Some m i x i n g  of  h o t  

p r i ~ r ~ a r y  exhaust and cool  fan exhaitst w i l l  occur ,  Pue t o  t h e  l a r q e  mass 

o f  cool  f a n  a i r  surroundincl and ~ ~ i x i n t i  wl' th t l i c  liot pr imdry  core a low 

rrlean temperature o f  t he  nuixed stream will occur which w i l l  reduce the 

r i s k  o f  h o t  gas i nges t i on .  

Exhaust gases f l o w i n g  outward and  away from t he  enqine can be d e f l c c t e r l  

by wind a t  some d is tance  away and b lown  back i n t o  the  i n l e t .  Past 

exper ience w i t h  V/STOL Systems have shown t h a t  i n l e t  i nges t i o r ;  o f  h o t  

a i r  can r e s u l t  i n  l oss  o f  t h r u s t  and ho t  s t r eaks  may l e a d  t o  cornpressor 

s t a l l ,  Fac to rs  i n f l u e n c i n g  i n q e s t i  on i n c l u d e  exhairst tc;mperatut*e l e v e l  , 
i n l e t  l o c a t i o n  and engine arranqement, d i r e c t i o n  anrl s t r e n g t h  of the  wind 

and t o l e rance  o f  t he  engine t o  ingestSon e f fec ts .  Much more work i s  r e q u i r e d  

t o  predict the  i n g e s t i o n  c h a r a c t e r i s t i c s  of t h e  Boeing 1041-133-1 con f i su ra -  

t i o n  w i t h  crosswind, A1  though no i n q e s t i o n  a n a l y s i s  bas been conducted a t  

t h i s  time, t h e  t a k e o f f  and crosswind i n q e s t i o n  f l i s l i t  t e s t  exper ience o f  t he  

VAK i 9 1 6  and VJlOlC (Ref, 1 )  V/STOL a i r p l a r i es  has been examined. Problems 

o f  rea inges t ion  and r e c i r c u l a t i o n  were so l ved  by deve lop ing  o p e r a t i o n a l  

techniques cons ider ing  engine speed, n o t z l  e angle ,  forward speed and wind 

d i r e c t i o n .  These t u r b o j e t  powered a i r c r a f t  have h o t  exhausts and a1 1 m i x i nq  

must  occur w i t h  ambient a i r .  It i s  our  o p i n i o n  t h a t  s i m i l a r  techniques 

can r e a d i l y  be developed f o r  t h e  h ig l i  bypass r a t i o  1041-133-1 a i r c r a f t .  

Ref. 7 - V/STOL Propu ls ion  Systems S~pternber  17-21, 1973, 

AGARD CPD-135. 



REINFORCEMENT LINES (FOUNTAINS) 

Figure C-7,- 



. . 

Figure C-2.- 



APPENDIX D - LIFT/CRUISE INLET AERODYNAMICS 

I n l e t  ope ra t i ng  requirements f o r  these V/STOL a i r p l anes  a r e  presented, 

a v a i l a b l e  i n l e t  data a re  reviewed, and t h e  performance o f  t h e  s e l e c t e d  

i n l e t  i s  presented. A V/STOL a i r p l a n e  w i t h  t i 1  t i n g  l i f t - c r u i s e  nacel'les 
puts  t he  i n l e t s  i n t o  ve ry  h i g h  l o c a l  ang le -o f - a t t ack  c o n d i t i o n s  d u r i n g  

t r a n s i t i o n s ,  p a r t i c u l a r l y  d u r i n g  t h e  l a n d i n g  maneuver. F i gu re  U-1 shows 

t h e  n a c e l l e  ang le  ( r e l a t i v e  t o  body a x i s )  and t h r u s t  requi rements  v s .  
ai rspeed f o r  t y p i c a l  takeof f  and l and ing  t r a n s i t i o n s .  I t  i s  seen t h a t  
t h e  i n l e t  i s  r equ l r ed  t o  opera te  a t  ang les near 90' combined w i t h  speeds 

up t o  100 knots .  Convent ional  f i x e d - l i p  i n l e t s  w i t h  c o n t r a c t i o n  r a t i o s  up  

t o  1.65 would poss ib l y  p reven t  sepa ra t i on  and excess ive d i s t o r t i o n ,  b u t  

i n s u f f i c i e n t  da ta  a re  a v a i l a b l e  f o r  s u c i ~  i n l e t s .  However, Boeing in-house 

da ta  a1.e a v a i l a b l e  f a r  a b l  ow-in-door i n l e t  shown on F igures D-2 and D-3, 

This i n l e t  produces acceptab le  d f s t o r t i o n  a t  c r i t i c a l  t a k e o f f  and l a n d i n g  

t r a n s i t i o n  p o i n t s  a s  shown on Tab le  0-7, 

I n 1  e t  Operat ing Envel ope 

The l i f t - c r u i s e  engine i n l e t  ope ra t i ng  envelope f o r  t r a n s i t i o n  f l  i g h t  i s  

der i ved  f rom F igu re  0-1 by conve r t i ng  t h r u s t  requirements,  i n c l u d i n g  c o n t r o l  

t h r u s t  increments,  t o  a i r f l o w  requirements.  For 'comparison w i t h  i s o l a t e d  

i n l e t  da ta  t h e  angle  o f  a t t a c k  and downwash are added t o  t h e  n a c e l l e  ang le  

A ,  and t h e  l o c a l  a i r speed  i s  increased, 

The nose f a n  i n l e t  a i r f l o w  requi rements  a t  l ow  speed a re  t h e  same as those 

o f  t he  l i f t - c r u i s e  fans, except d u r i n g  a STOL t a k e o f f ,  where t he  nose fan 

operates a t  p a r t  power. The nose i n l e t  i s  designed f o r  low speed ope ra t i on  

and w i l l  t u r n  t h e  f l o w  such t h a t  t h e  r e l a t i v e  i n f l o w  ang le  i n t o  t h e  nose fan 

i s  independent o f  angf e -o f -a t tack ,  

The maximum co r rec ted  a i r f l o w  a t  t h e  f a n  face o f  41.7 LB occurs i n  V/STOL EFm- 
takeoff  and c l imb.  Th i s  r e s u l t s  i n  a f a n  f a c e  mach number of M2 = .60. The 

i n l e t  t h r o a t  i s  c u r r e n t l y  s i z e d  f o r  t h i s  cond i t i on .  



A number o f  c r i t i c a l  oper? t i n g  c o n d i t i o n s  were se lec ted  from t h e  ope ra t i ng  

envelope shown on F igure  0-1, Con t ro l  requ i rements  were added o r  sub t rac ted  
t o  o b t a i n  c r i t i c a l  i n l e t  des ign  cond i t i ons .  These a re  shown on Tab le  D-1. 

D i s t o r t i o n  C r i t e r i a  

No d i s t o r t i o n  l i m i t s  a re  a v a i l a b l e  f a r  t h e  fan. The f a n  i s  expected t o  be a b l e  

t o  operate  even i n  complete s t a l l .  However, a f a n  t h r u s t  l o s s  w i l l  occur i n  
a  separated i n l e t .  Therefore, i n l e t  f l o w  sepa ra t i on  cannot be t o l e r a t e d  i n  

t hose  areas o f  t he  f l i g h t  envelope where t h r u s t ,  i n c l u d i n g  t h r u s t  requ i rements  

f o r  con t ro l ,  i s  c r i t i c a l .  

D i s t o r t i o n  c r i t e r i a  f o r  t h e  A l l i s o n  T7Ol co re  engine were ob ta ined  f rom r e f e r -  

ence 7 ,  I n d i v i d u a l  engines have c h a r a c t e r i s t i c  d i s t o r t i o n  l i m i t s  and as the 
engine i s  developed t he  d i s t o r t i o n  t o l e rance  w i l l  be es tab l i shed ,  U n t i l  then, 
we w i l l  use re fe rence  1 l i m i t s  as shown on F i g u r e  8-4. A t  a c r i t i c a l  c o n d i t i o n  

where no l o s s  o f  t h r u s t  i s  a l l owab le  such as t h e  f i n a l  phase o f  an engine-out  

emergency l and ing ,  t h e  "no power loss1 '  cu rve  app l i es ,  a t  a1 1  o t h e r  c o n d i t i o n s  
the " s t a l l  f r e e  l i m i t "  cu rve  app l i es ,  These c r i t e r i a  must be met a t  t h e  co re  

i n l e t ,  downstream o f  t h e  fan ,  Any d i s t o r t i o n  a p p l i e d  t o  t h e  f a n  w i l l  be prop- 
agated through t h e  f a n  and may be a t tenua ted  o r  amp l i fed .  Due t o  l a c k  o f  da ta  

i t  w i l l  be assumed t h a t  t h e  d i s t o r t i o n  i s  n o t  mod i f i ed  by  the fan. 

D i s t o r t i o n  parameters used on F i g u r e  D-4, K ( Q )  and K(R) , a re  weighted i n d i c e s  i n  

the  form o f  - A P T  . Tab le  D-11 shows t h e  convers ion  o f  these  l i m i t s  i n t o  t h e  fo rm 

o f  - PT2 APT I t  1s seen t h a t  when f u l l  t h r u s t  i s  r e q u i r e d  such as t h e  f i n a l  phase 
99' 

o f  anLemergency v e r t i c a l  1 and i  ng , 1  oca l  pressure 1  osses due t o  d i s t o r t i o n  cannot  

exceed .28 o f  t h e  l o c a l  q, whereas a t  lower  a i r f l o w s  l o c a l  l osses  i n  t h e  i n l e t  

must exceed seve ra l  (one-dimensional ) q ' s  t o  produce $ = .I 5 d i s t o r t i o n ,  

T h i s  i m p l i e s  t h a t  i n l e t  sepa ra t i on  may be t o l e r a b l e  a t  lower  a i r f l o w s .  

Thus, f o r  the t ime  being, t h e  c o r e  d i s t o r t i o n  l i m i t  a t  t h e  maximum a i r f l o w ,  i f  
2 no  t h r u s t  l o s s  may be t a l e r h t e d ,  i s  (KR) + ( ~ 0 ) ~  = .057~. A t  a l l  o t h e r  condi -  

t i o n s ,  i t  w i l l  be i n t e r p r e t e d  as ( K R ) ~  + ( K ~ ) Z  = . 1 5 ~ .  The co re  engine w i l l  

be cons idered t o  be s u b j e c t  t o  d i s t o r t i o n  w i t h i n  25% o f  t h e  fan a i r f l o w  n e x t  

t o  t h e  hub reg ion .  Th i s  p rov ides  f o r  a  generous a l lowance f o r  crossf lows,  

s ince t h e  bypass r a t i o  i s  i n  t h e  o rde r  o f  10. A f a n  f l o w  d i s t o r t i o n  l i m i t  o f  

30 - & 



APT = . I  i s  reasonable f o r  no - t h rus t - l oss  c o n d i t i o n s ,  and no l i m i t  f o r  
TY- 
o the r  condi  t f ons .  

F ixed-L ip  I n l e t s  In Cross f  lovr 

High d i s t o r t i o n  l e v e l s  occur  when the i n t e r n a l  f l o w  separates and when t h e  

i n t e r n a l  Mach number i s  h igh,  Separat ion i s  g e n e r a l l y  a f u n c t i o n  o f  t h e  r a t i o  
A o f  c ross f l ow  v e l o c i t y  t o  i n t e r n a l  v e l o c i t y ,  c o n t r a c t i o n  r a t i o  t h r o a t  , 

and i n l e t  1 i p shape, A h i s h l i q h t  

Much research  has been done t o  d e f i n e  the onset  o f  sepa ra t f on  i n  terms of 

v e l o c i t y  r a t i o ,  c o n t r a c t i o n  r a t i o  and 1  i p  shape, Un fo r t una te l y ,  1 i t t l e  o r  no 

d i s t o r t i o n  i n f o r m a t i o n  i s  g i ven  and o f t e n  t he  i n t e r n a l  Mach number i s  low or 
n o t  given, such t h a t  t he  da ta  a r e  n o t  useable f o r  c r i t i c a l  takeoff  and v e r t i c a l  

l and ing  c o n d i t i o n s  when maxilnurn a i r f l o w s  occur, For approach cond i t i ons ,  when 

t h r u s t  requ i rements  a re  low, sepa ra t i on  may be t o l e r a b l e  a t  t h e  lower  a i r f l o w s ,  

when i t  does n o t  produce excess ive  d i s t o r t i o n ,  so da ta  i n  ternis o f  separa t ion  

l i m i t s  on ly ,  a r e  too  conserva t i ve ,  

D i s t o r t i o n  da ta  a t  h i g h  i n l e t  a i r f l o w s  a r e  a v a i l a b l e  f r om  YC-14 i n l e t  develop- 

ment t e s t s  (Ref, 2 )  up t o  a c o n t r a c t i o n  r a t i o  o f  1.34 and from a Boeing NASA 

study on low-speed and ang le -o f -a t tack  e f f e c t s  on son i c  and near-sonic  i n 1  e t s  

(Ref, 3 )  up  t o  c o n t r a c t i o n  r a t i o s  o f  1.45. A t  h i gh  a i r f l o w s ,  t h e  1 ,34  cont rac-  

t i o n  YC-14  i n l e t  separates a t  a -I- 50°, V, = 67 knots ,  and a t  a = go0, Vo - - 
36 knots.  The 1.45 c o n t r a c t i o n  r a t i o  i n l e t s  show excess ive d i s t o r t i o n  f o r  

c r i t i c a l  c o n d i t i o n  2 o f  Tab1 e  D-1 + I n l e t s  up t o  1.56 c o n t r a c t i o n  r a t i o  t es ted  

by NASA (Ref.  4) show a t t ached  f l o w  up t o  70' a t  h i g h  a i r f l o w s ,  b u t  no data 

a re  g iven  f o r  d i s t o r t i o n  a t  h i ghe r  angles and lower  a i r f l o w s .  I t  i s  es t imated 

t h a t  an i n l e t  hav ing a  c o n t r a c t i o n  r a t i o  i n  t h e  o rde r  af 1.65 m igh t  be accept- 

able,  b u t  f u r t h e r  t e s t i n g  and s tudy  i s  r equ i r ed ,  

Blow-in-Door I n l e t  

Boeing t e s t  da ta  are a v a i l a b l e  f o r  a b low- in-door  i n l e t  f o r  V/STOL a p p l i c a t i o n s  

shown on F igures D-2 and 0-3. T h i s  i n l e t  was t e s t e d  a t  speeds up t o  150 



knots ,  c ross f low angles o f  0, 40°, 60' and 90' and c o r r e c t e d  a i r f l o w s  from 34 
2 t o  42.5 l b / s e c - f t  a t  t h e  f a n  face.  D i s t o r t i o n  a t  l ower  a i r f l o w s  i s  n o t  

APT expected t o  i nc rease  i n  terms o f  p-. T o t a l  pressure d a t a  f r a ~ n  a r o t a t i n g  
T 

c ruc i fo rn i  r a k e  and some s t a t i c  pres!iure da ta  are a v a i l a b l e  i n  Ref,  5 f o r  t h i s  
and several  f i x e d - 1  i p designs o f  tnoderate c o n t r a c t i o n  ra t ios ,  

F igu re  0-5 shows a t y p i c a l  $sobar  p l o t  a t  go0, 100 kno ts  crosswind. The d a t a  

were ob ta ined  f rom a c r u c i f o r m  rake  r o t a t e d  Sn 10 degree i n t e r v a l s .  I t  i s  

seen t h a t  t he re  i s  cons iderab le  i n l e t  d i s t o r t i a n ,  most o f  i t  near t h e  windward 

l i p  and behind s t r u t s .  From t h e  da ta  d i s t o r t i o n  p l o t s  were generated, F i g u r e  

D-6 shows t h e  f a n  face  d i s t o r t i o n  data.  Fan i n l e t  d i s t o r t i o n  i n  tertrrs of 

PT M I N  - PT AVG i s  shown f o r  s i x  c r i t i c a l  ope ra t i ng  p o i n t s  on Tab le  0-1, 

PT AVG 

O f  g rea te r  impor tance i s  the  d i s t o r t i o n  t o l e rance  of t h e  T7Ol engine. The 

engine a i r f l o w  passes through t he  hub r e g i o n  o f  the  fan .  The i n n e r  25% of 

the fan f l o w  das assumed t o  i n c l u d e  a l l  o f  the  engine a i r f l o w ,  w i t h  an al lowance 

o f  2.5 f a c t o r s  f o r  p o s s i b l e  crossf lows between t h e  f a n  i n l e t  and enqine i n l e t ,  

The d i s t o r t i o n  w i t h i n  t h e  i n n e r  25% i s  shown on Figure 0-7, The l i m i t  f o r  t h e  

T701 engine i s  a l s o  shown. Data f rom t h i s  p l o t  was used t o  es t ima te  d i s t o r t i o n  

f o r  6 c r i t i c a l  f l i g h t  cond i t i ons .  The r e s u l t s  a re  show11 on Tab le  0-7, The 

expected d i s t o r t i o n  i s  c l o s e  t o  t h e  l i m i t s .  Adm i t t ed l y ,  t h e  f a n  may ampl i f y  

t h e  d i s t o r t i o n .  ON t he  o the r  hand, t h e  i n l e t  model t e s t e d  was designed f;11 

a  h ~ g h  c r i t i c a l  Mach number and had a c o n t r a c t i o n  r a t i o  of 1.08 a t  t h e  l i p  

and 1.18 a t  t h e  i n t e r n a l  J l p  when t h e  doors are open. These va lues cou ld  be 

increased cons ide rab l y  f o r  an a i r c r a f t  whose c r u i s e  Mach number i s  .75, r e s u l t i n g  

i n  lower d i s t o r t i o n .  

In le t  'Fixes" 

As p r e v i o u s l y  noted, t h e  performance o f  t h e  b l o w ~ i n - d o o r  i n l e t  can p robab ly  

be improved by i nc reas ing  t h e  c o n t r a c t i o n  r a t i o  a t  b o t h  p r imary  and secondary 

i n l e t  l ips .  



Should d i s t o r t i o n  l e v e l s  a t  the  engine i n l e t  prove excessive, i t  i s  poss ib le  

t o  design a f l o w  d i v e r t e r  such t h a t  t h e  engine i s  f e d  a i r  from the  270' h igh  

pressure reg ion  o f  t h e  t o t a l  annulus, where t h e  d i s t o r t i o n  i s  g r e a t l y  reduced, 

The isobars on Figure 0-5 show t h a t  t he  d i s t o r t i o n  admitted would n o t  exceed 2%. 

I n l e t  recovery o f  the blow-in-door i n l e t  a s  tes ted  i s  shown on Figure D-11, 

Cruise recovery should be near t h a t  shown f o r  150 knots, zero nace l l  e angle, 

The blow-in-door (vane) i n l e t  as repor ted i n  Reference 5 was tes ted  as a 

small sca le  model, I t  was found t o  have acceptable performance ( i nc lud ing  

d i s t o r t i o n ) .  When t h i s  t es ted  i n l e t  i s  scaled up t o  f u l l  s i z e  f o r  a 62 inch 
diameter fan, the  l eng th  becomes 54 inches which i s  much longer than desired. 

A review o f  t h i s  i n l e t  i nd i ca tes  t h a t  by leav ing  the  forward v a r i a b l e  part 
o f  the  i n l e t  as was tes ted ,  t he  rearward p o r t i o n  can be shortened about 22 

inches. Th is  i s  accompl ished by S ncreasi  ng the  downstream h i 1  i t e  diameter, 

making t h e  second t h r o a t  diameter equal t o  the  fan face  diameter, keeping 

the  second con t rac t i on  r a t i o  a t  1.3, and e l i m i n a t i n g  the  d i f f u s e r  ahead o f  

the fan face. The new i n l e t  geometry i s  shown i n  F igure D-8 wi th  the  geometry 

o f  t h e  t e s t e d  model superimposed. 

E f f e c t  o f  the  A i rp lane on the  I n l e t  Flow F i e l d  

A p o t e n t i a l  f l ow  ana lys is  o f  t h e  wing-body was performed t o  determine i t s  

e f fec . t  on the f l ow  f i e l d  a t  the  i n l e t ,  s ince a l l  a v a i l z b l e  i n l e t  data i s  

f o r  i s01  a ted  in7 ets, 

The wing-body was represented by the  network shown on Figures D-9 and 0-10. 

The incompressible, p o t e n t i a l  f low around t h i s  network was solved a t  ang't es- 
o f -a t tack  o f  0, 5, 10, 15 and 20 degrees. No i n l e t s  or i n l e t  f l ow  were 

represented, b u t  the  i n f l uence  o f  the wing-body on the  f l o w  f i e l d  in the  i n l e t  

plane was calculated.  Results are shown on Table D-3 i n  terms o f  magnitude 



0.F downwash and sidewash ve lnc i t . .~ ,  r e l a t i v e  50 t h e  frcestream, f o r  r i v e  
p o i n t s  i n  t h e  i n l e t  plane. It i s  seen t h a t  the  downwash i s  i n  the favorab le  

d i r e c t i o n  and increases w i t h  angl e-of -at tack,  such t h a t  t h e  n e t  i ncreiise i n  

i n f l o w  angle i s  only  20% t o  33% of the angle-of-attack. Local v e l o c i t i e s  are  

genera l l y  increased. For ins tance a t  a = lo0 ,  w i t h  the i n l e t  de f l ec ted  go0, 
v t he  v e l o c i t y  r a t i o  l o c a l  a t  the i n l e t  c e n t e r l i n e  i s  1,045, lead ing  
frees rea  I 

edge 1.067 and trai:ing e ige  7.023. These r e s u l t s  were obtaSned a t  zero f l a p  

d e f l e c t i o n ,  I t  i s  expected t h a t  the  e f f e c t  of f l a p s  w i l l  be s i m i l a r  t o  t h e  

e f f e c t  o f  angle-of -at tack a t  equal l i f t  coe f f i c i en ts ,  

I n  summary, t he  f low f i e l d  e f fec ts  are n o t  expected t o  be s i g n i f i c a n t ,  Since 
angl e-of -at tack has a1 ready been taken i n t o  account on TAbl e D-1,  the  downwash 

i s  a  b e n e f i c i a l  e f f e c t  w h i l e  t h e  l o c a l  v e l o c i t y  i s  a  de t r imenta l  e f f e c t ,  The i r  

e f f e c t s  tend t o  cancel, 

Estimated I n l e t  Recovery and Dray 

I n l e t  recovery o f  the blow-in-door i n l e t  as tes ted  i s  shown on Figure 0-11. 

Cru ise  recovery shoirld be near t h a t  shown fo r  150 knots, zero nace l l e  angle, 

P ~ 2  
PTg 

= ,998. Cruise i n l e t  drag t e s t s  were conducted on f ixed-door models a t  

several door pos i t ions .  F igure  D-12 shows t h a t  the lowest  s p i l l a g e  drag a t  

c r u i s e  mass f l o w s ,  which a r e  h igh  f o r  t h i s  engine, occurs when t h e  doors are  

kept closed o r  the gap i s  smal l  a l low ing e s s e n t i a l l y  on l y  t h e  boundary 1  ayer 

t o  bypass, The drag inc ludes sk in  f r i c t i o n  and the v a r i a t i o n  w i t h  mass f l o w  

i s  very f l a t  over the reg ion  o f  i n t e r e s t .  Analysis has shown ti??+ s k i n  

f r i c t i o n  con t r i bu te  ACg = .02. Thus, s p i l l a g e  drag i n  t h i s  range of mass 

f l ows  i s  n e g l i g i b l e  i f  t h e  i n l e t  doors are closed o r  n e a r l y  closed, 

Mndel Scale E f f e c t  
Y " W .  

In comparing model da ta  w i t h  f u l l  scale i n l e t  data, t h e  non-simulat ion o f  

Reynolds number due t o  d i f f e r e n c e  i n  scale i s  a considerat ion.  The low Reynolds 

number o f  the smal ler  i n l e t  r e s u l t s  i n  more adverse boundary l a y e r  separat ion 

condi t ions ,  because o f  the  l arger bu i ldup o f  1  ami  nar boundary 1  ayer downstream 

o f  the  s tagnat ion  p o i n t  and the  r e l a t i v e l y  t h i c k e r  t u r b u l e n t  boundary l aye rs  



w i t h  h igher  shape factors. If t h e  condi t ions on the  model are not  severe 

enough t o  separate  t h e  boundary layers, small scale and f u l l  scale flow 
results agree q u l t e  w e l l .  Some tes4: results show t h a t  separation on a 

small model i s  no t  experienced a t  f u l l  scale. 

The full scale 1041-133 i n l e t  performance i s  expected t o  be t h e  same or 
bet te r  than the stnall sca le  i n 1  e t  model .  The est imated i n1  e t  performance 

i s  ba;ed on s m a l l  sca le  model t e s t s ,  therefore, this performance i s  expected 

t o  be conservat ive. 
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Figure D-7.-Nacelle Operafrng Envelope 
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Figure D-4,-Inlet Air Pressure Variation Limits for Radial 
and Circumferential Total Pressure Distortion 
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COND. NO. 3~L34.0  



CORRECTED AIRFLOW = WT A 6 = 34.0 
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I A S  = 50K 

I A S  = 50K 

IAS  = 50K 

Figure 0-6.-Blow-in-Door Inlet Distortion 
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Figure D-7.-Blow-in-Door Inlet Pressure Distortion in Hub Region 



Figure D-8. -Shortened Blow-in-Door Inlet for 104 1 - 133 and 104 1 - 134 



I 

Figure D-9.-Three-View d Airplane Source Network Used for TEA 230 Flow Field Analysis 



Figure D-70.-lsometrlc of Airplane Source Network Used for TEA 230 Flow Field Analysis 
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D 0 
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.... ..... . . 
REFERENCE: BOEf EIG DGCU!lE!lT NO, T6-3219 
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Flgure D- 1 1 .-Blow-in-Door Inlet Recovery 



ESTIMATED 
SKIN FRICTION 

MODEL 2 

A- MODEL \ 3 - 
CORRECTED INLET MASS FLOW - W cT2 / A2 8 T2 - LB/SEC FT 2 

Flgure D- 72.-Blow-in-Door Inlet Cruise Drag 



CONDITION 

Table D-7.-Estimated Fan and Core inlet Distwsions at Various B e m e  Pointsin the Operating 
Placard 

ESTIMATED 
% DISTORTION D 

TOTAL INLET CORRECTED 
A I R  SPEED ANGLE OF ATTACK FAN AP~2 

n - X 100 

( KNOTS ) (DEGREES) AIRFLOW r~ z 
LB/SEC/ F T ~  FAN CORE 

1 VL FLARE 40 115 41.25 15 b 7.5 b 
2. STOL LIFTOFF 75 7 0 41.25 12 7 

3. APPROACH 7 5 90 31-0 9 6-7 

4. APPROACH, 
N MAX. CONTROL THRUST 100 
P w 

5. APPROACH, 
MIN. CONTROL THRUST 100 

6. APPROACH, 
MAX. CONTROL THRUST 125 

7. APPROACH, 
MIN.  CONTROL THRUST 125 60 16.2 b b 

EXTRAPOLATED FROM DATA AT 90'. 

TEST DATA )]AS NOT AVAILABLE AT THESE LOW AIRFLOW CONDITIONS BUT DISTORTIONS ARE EXPECTED TO BE LESS 
THAN 10%, BECAUSE OF THE VERY LOW COMPRESSOR FACE DYNAT4IC PRESSURES. 

D npn - - -  PT - PT AVG for fan; and PT MRX - PT MIN for core. 
P ~ 2  P~ AVG P~ MAX 



CONDITION 

TAKEOFF AND LAST 
PHASE 3F VERTICAL 
LANDING 

APPROACH TO 
VERTICAL LANDING 

Table D-2.-Comparison of Distortion Parametem 

AIRSPEED CORRECTED 
KNOTS AIRFLOW 

LBISECIC+~ 

INTERNAL 
MACH NO. 



Table Dm3.-/n/et Flow Fleld From TEA 230 Analysis , 

?NLET FLOW FIELD FROM TEA 230 ANALYSIS 

AIRPLANE ANGtE NACELLE INCIDEt4CE UPWASH* S I DEWASH* LOCAL VELOCITYi 
OF ATTACK,* ANGLE, (+ a UP) (+ = LNOOARD) R A T I O ,  VL/Vw 

DEGREES DEGREES 

* IN THE CENTER OF INLET PLANE 



APPENDIX E - FAN NOZZLE VANES 
A- 

Vanes are mounted a t  the  e x i t  o f  the fan nozzle t o  p rov ide  s ide force attd 
yawing mornent f o r  the a i r p l a n e  when needed i n  v e r t i c a l  and t r a n s j t i o n  modes, 
Airplane c o n t r o l  s tud ies  have shown t h a t  adequate c o n t r o l  w i l l  be provided 

by forces e q ~ l l v a l e n t  t o  vec tor ing  the fan exhaurt 10' f rom i t s  normal d i r e c t i o n .  

The c a p a b i l  i t y  o f  vanes t n  the  fan nozzle e x i t  t o  vector  the t h r u s t  o f  the 
1  i f t - c r u i s e  engines f o r  con t ro l  purposes i s  about +I 0'. Undef 1 ected , . lo th 

the vanes and the cross-shaf t should produce negl i g i  b l e  blockage compared t o  

the 747 JT9D b i fu rca t i on .  However, wh i l e  the vanes a re  de f lec ted ,  they w i l l  
tend t o  cause some upstream blockage on the pressure s ide  and some ['negativ~" 

blockage on the  suct ion s ide  o f  the vane, The n e t  r e s u l t  i s  s i m i l a r  t o  t h e  

effect o f  a l a rge  llftfng surface i n  a wind tunnel:  a small net blockage due 

t o  thickness and independent o f  angle-of -at tack and an upwash due t o  1 i f s .  The 

maqiiitude o f  t h i s  upwash near the r o t o r  and fan a x i t  guide vanes should be 

small due t o  the l a r g e  distance, 3 t o  5 vane chords upstream, see Figure E-1 .  

The o r i g i n a l  JT9D b i r f u rca t i on ,  shown on Figure E-2, caused up t o  1  l o  change 

i n  f l ow  d i r e c t i o n  i n  the  s t a t o r  plane, r e s u l t i n g  i n  per ip! .era l  v a r i a t i o n s  

i n  fan back pressure, f an  work and t o t a l  pressure d i s t o r t i o n  and loss o f  s t a l l  

margin, Since l i f t  e f fec ts  tend t o  decay f a s t e r  than s o l i d  body e f fec ts ,  and 

distances are comparable, the e f f e c t  o f  the de f lec ted  vanes should be smal ler.  

The e f fec t iveness  o f  the e x i t  t u rn ing  vanes has been analyzed by assuming 

they a c t  as  low aspect  r a t i o  wings w i t h  30% chord, sealed p l a i n  f l a p s .  T h i s  

approach requ i res  a  douule hinged arrangement; the  f i r s t  t o  permi t  o v e r a l l  

vane d e f l e c t i o n  and t h e  second f o r  d e f l e c t i o n  o f  the  f l a p .  The exposed 

semi-span f s  f i x e d  a t  1 .I78 f e e t  ( t / c  = -15) and the  fo rce  c h a r a c t e r i s t i c s  

have been obtained pa ramet r i ca l l y  as  a  func t i on  o f  span t o  chord r a t i o  

(Figure E-3) .  The values shown are f o r  two vanes (one each s ide  o f  the  

centerbody) and assume optimuni vane and f l a p  d e f l e c t i o n .  Included i s  a 

decrement i n  (L/q o f  -36 t o  account  f o r  the  centerbody). The fan nozzle 
6 e x i t  Reynolds number was assumed equal t o  10 . 

L Aspect r a t i o  = 1 vanes r e s u l t  i n  an ,,,, = 5.5. The average fan nozzle 

height i s  1.178 ft., so the  ~naximum s i d e  fo rce  l i f t  c o e f f i c i e n t  CL MAX + 

L/q/max } = 1,982. 
1  .178'x2 
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The thrust of the fan can be expressed i n  an analogous c o e f f i c i e n t  fornt 
w i t h  fan nozz le  area as  re fe rence  area ;  

The maxl~iiurn vector  a n g l e  i s  then the  arc s i n e  c f  the r a t i o  of . to ta l  vane 

area t o  fan n o z z l e  area, since f o r  t h e  vanes chosen CL VANE s C F  

2 x 1.178' arc  sin 46 10.4' 



CROSSHAFT 
t 
, ' I  5" ;r 4'1 

FAN STATOR FAN NOZZLE 
BLADE VANES tXIT P L M E  

THRUST VECTORING VANES 1 

CROSSHAFT 
( 1  3 / 4 - 2 "  D I A , )  

Figure E-1.-Blockage of Fan Flow Due to Thrust Vectoring Vanes 



FAN NOZZLE PRESSURE R A T I O  

18" BIFURCATION 

12"  BIFURCATION 

8.8" BlFURCATION 

Figure E-2.-Effect of 747-JT9D Fan Nozzle Bifurcation 
on Fan Exit Total Pressure Distortion 



CHORD ( c )  

Figure E-3.-Jet Vane Maxlmum Lift 



APPENDIX F - TRANSMISSION SP IRAL  BEVEL GEAR LOAD AND VELOCITY EXPERIENCE 

The t r a n s ~ n i s s i o n  power capa b i  1 i ty  requirements were determined by r e v i e w  

o f  a i r p l a n e  t h r u s t  and c o n t r o l  power requi rements  d u r i n g  nor~na l  and one 

englne-out opera t ion .  The r e s u l t i n g  alaxirnun~ power c o n d i t i o n s  a r e  shown 

on Tables F-1 and F-2. 

Gear des ign  a l lowab les  f o r  t h e  1041-133 w i l l  be no h igher  than those o f  

c u r r e n t  des igns,  We have se lec ted  gear t o o t h  l oad ing  and gear p i t c h  l i n e  

v e l o c i t y  as two o f  severa l  p o s s i b l e  parameters t o  i l l u s t r a t e  t h e  r e l a t i o n s h i p  

o f  the  1041-133 gears t o  o t h e r  a p p l i c a t i o n s  (Table  F-1).  Gear t o o t h  l oad ing  

i s  a  f u n c t i o n  of bo th  s t r e s s  and s i z e  o f  t o o t h  ( d i a n ~ e t r a l  p i t c h ) .  The l a r g e r  

s i z e  gears w i t h  p ropo r t i ona te  t e e t h  t h e r e f o r e  can be expected t o  c a r r y  h igher  

u n i t  l oad ings  w i t hou t  an i nc rease  i n  s t r e s s .  

The d i r e c t  comparison o f  d r i v e  system exper ience f o r  severa l  parameters 

(Table F3 )  shows t h a t  s t r e s s  l e v e l s ,  gear loads, gear v e l o c i t i e s  and bear iny  

v e l o c i t i e s  a r e  w i t h i n  demonstrated c a p a b i l  i t y .  The overrunning c l u t c h  on 

t h e  ope ra t i ona l  a i r p l a n e  w i l l  be r e s i z e d  t o  c a r r y  added to rque .  The h igher  

overrun v e l o c i t y  which r e s u l t s  i s  w i t h i n  t h e  range which has been s u c c e s s f u l l y  

r u n  i n  a development program sponsored by USAAMRDL, F t ,  E u s t i s  D i r e c t o r a t e .  

Al though inc reased  gear s i z e  near t h e  l i m i t s  o f  p rev ious  exper ience c o n s t i t u t e s  

a  design r i s k  and a l though  increased p i t c h  1  i n e  v e l o c i t y  near t h e  1 i m i t s  o f  

prev ious exper ience r e q u i r e s  spec ia l  a t t e n t i o n  t o  l u b r i c a t i o n  and t h e  p reven t ion  

o f  d e s t r u c t i v e  s t resses due t o  resonance, these t w o  parameters do n o t  tend 

t o  i n t e r a c t  and compound t h e  r i s k s .  
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LEGEND 

-- LOAD CAPABILITY ESTABLISHED BY HLH 

----- SPEED CAPABILITY DEMONSTRATED BY CH-47C 

0 HLH DESIGN* 
@ HLH DESIGH* 

@ CROSS SHAFT-OPERATIONAL AIRPLANE (1 041 -1 33-7 ) 
1 OOX ROLL-ONE ENGINE INOPERATIVE 

1) CROSS SHAFT (1 041 -1 33-1 ] 1001 ROLL-NORMAL 

A CROSS SHAFT-TECHNOLOGY AIRPLANE (1 041 -1 28) 
100% ROLL-ONE ENGI?jE INOPERATIVE 

A CROSS SHAFT (1 041 -1 33-1 ) 100% ROLL-NORMAL 
FWD FAN - (1041-133-1 ) 100% PITCH MANEUVER 

FWD FAN (1 041 -1 33-1 ) 100% PITCH MANEUVER 
0 CA47CMAXIMUM TEST 

@ CH47C MAXIMUM DES ~r;:j 

Cff47CMAXIMUM TEST 
1 CH47CMAXIMUM DESIGN 

k 
Q 10 20 3 0 0 GLEASON TEST 

PITCH LINE VELOCITY - 1000 FPM 
0 AGEH HYDROFOIL SHIP 

- IVOI~IINFL C L I N B ,  CRUISE, AND LOITER 
OPERATIOl4 (1 041 ) 

* DIFFERENT BEVEL SETS OIJ SAI*IE I-IODEL AIRPLANE 

Figure F-7.-Spiral Bevei Fear Ekperience 



L O C A T I O N  

1. RdD FAN DRIVE, SHAFT 
B DISCONNECT CLUTCH 

Table F-7.-Maximum Power Conditions-Two Engine, Three Fan 

2, L I F T / C R U I S E  FAN & 
PLANETARY 

3. CROSS SHAFT & TEE 
BOX GEARING 

4. OVERRUN CLUTCH 

5. AGB 

MAXIMUM 
DESIGN CCND1TIG:i 

1002 PITCH MANEUVER 

OEI : 100% ROLL 
-30% PITCH 
AEO: 100% ROLL 
+30% PITCH 

O E I :  
AEO: 

SHAn HORSEPOWER 

O E I  - ONE ENGINE OPERATING 
AGE - ACCESSORY GEARBOX 
AEO - ALL ENGINES OPERATING 



Table F-2.-Bevel Gearing V/STOL 

HP PER 
ENGINE LOCATf ON CONDITION 

13,600 X-SHAFT 100% RQLL 
( O E I )  

12,400 X-SHAFT 100'; ROLL 
( AEO 1 

10, G O *  X-SHAFT 100" ROLL 
(OEI 1 

8,500* X-SHAFT 100% ROLL 
( AEO 1 

12,400 RJD FAN 100% PITCH 

8,500* WD FAN 100% PITCH 

*XT-701 ENGINE - TECHNOLOGY AI RPLANE 

O E I  - ONE ENGINE INOPERATIVE 

BE0 - ALL ENGINES OPERATIVE 

HP PER 
MESH 

VEL. 
FPM - 

LOAD 
LB/ I N . 



COMPONENT OR 
PARAMETER 

Table F-3.-Boeing Helicopter Drive Systems Ekperience Related to NavylNASA V/STOL 
Airplanes 

EXPERIENCE 

USE OF VASCO X-2 1 6 5 0  HOURS INCLUDING 1500 HOURS (UTTAS) 
STEEL GEARS AilD 150 HOURS (HLH) 

LARGE BEVEL STRAIN SURVEYS, F I N I T E  ELEMENT ANALYSIS, 
GEAR DESIGN DAMPING TECHNIQUES AND EXCITATION 

TEST1 NG 

I J  
9 GEAR VELOCITY 300,000 A 1  RPLANE HOURS (CH47C) 
1d OF 30,O~d FPM 

HIGH SPEED 1,500,000 AIRPLANE HOURS (CH47A, B, C) 
SHAFT R E L I A B I L I T Y  

OVERRUN CLUTCH 50 HOUR DEVL TEST AND 200 HOUR BENCH 
TORQUE AND TEST (HLH) 
VELOCITY 

0 EAR1 NG HIGH SPEED TAPER BEARINGS TESTED 
V E L O C I T Y  3000 HOURS ( R I G ,  HLH BENCH AND DSTR) 

EXPERIENCE DEMONSTRATED RELATED TO: 
TECHNOLOGY AIRPLANE OPERATIONAL AIRPLANE 

125% OF V/STOL EQUAL TO V/STOL 
STRESSES STRESSES 

DIRECTLY APPLICABLE 

EQUAL EQUAL 

EQUAL 

D I R E C T L Y  APPLICABLE 

60'; OF TORQUE 
85, OF V E L O C I T Y  

EQUAL EQUAL 



APPENDIX G - -  
IiLH TRANSMISSION GEARING EXPER I ENCE- -- 
The HLt-I t r a n s ~ n i s s i o n  combiner box c o l  l c c t s  t h e  out-put fro111 t h r e e  701 

engines and d r i v e s  two o u t p u t  s h a f t s .  Dur i3g i n i t i a l  t e s t s  o f  the  HLH 

a f t  and combiner t ransn~ iss ions ,  f a i l u r e  o f  spiral  bevel  yea rs  occurred.  

These were t he  i n p u t  p i n i o n  t o  t h e  a f t  t rans ln iss ion  and t;he c o l l e c t o r  

gear i n  t h e  cornbiner t ranstni  ss ions .  I n v e s t i g a t i o n  revea l  cd t h a t  the  

f a i l u r e s  \:ere caused by h i g h  bending s t r csses  i n  t he  r o o t s  o f  t he  t ee th .  
This  had been caused by adverse l oad  d i s t r i b u t i o n  across  t he  t e e t h  and h i q h  

f requency v i b r a t o r y  response t o  gear mesh exc ' i t a t i on .  I t  was found t h a t  

damping r i n g s  were necessary t o  reduce reso i lant  s t r e s s e s  and increased 

rim th ickn?sses  o f  bo th  t h e  p i n i o n  and gear were rec lu i red t o  irl iprove 

load  d i s t r i b u t i o n .  

The f i x e s  a re  incorpora ted  i n  t h e  HLH p ro to t ype  h e l i c o p t e r  scheduled t o  

f l y  i n  ni id 1976, and w i l l  be bench t e s t e d  i n  1975.  "1 excerp t  fro111 the  
Ver to l  paper presented by K. K,  Gr ina ,  D i r e c t o r  o f  Eng ineer ing  t o  the 

2-5-75 Royal Aeronaut ica l  Soc ie t y  Meet ing which d i  scusses t h e  p rob l  en1 

f o l l o w s .  
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HELICOPTER DEVELOPMENT AT THE BOEING VERTOL COMPANY 

1ltl.l Transtlli s s i on  T e s t i n g  

Dur ing  t h e  i n i t i a l  t e s t s  o f  the HLH a f t  and c o ~ ~ i b i n e r  t r a n s ~ n i s s i o n ,  we 

exper ienced f a i l u r e s  o f  s p i r a l  bevel  gears :  the  i n p u t  p i n i o n  i n  the 

a f t  t ranst t i iss ion, and the c o l  l e c t o r  gear i n  the combiner t ransmiss ion.  

We have determined t h a t  these f a i l u r e s  were caused by h i g h  bending stressea 

i n  the  r o o t s  o f  the  t e e t h  which r e s u l t e d  fro111 adverse load  d i s t r i b u t i o n  

ac ross  the  t e e t h ,  High f requency v i b r a t o r y  response t o  gear 111esh 

e x c i t a t i o n  c o n t r i b u t e d  t o  t he  f a i l u r e s  a1 so.  

We conducted s t r a i n  gage surveys, ~r leasur i r ig s t resses  i n  t h e  t o o t h  r o o t s ,  

b o t h  s t a t i c a l l y  and dynamica l l y ,  u s i n g  m ic ro -~n ina tu re  qaqes.  We used a  

te len ie t ry  system f o r  t h e  t r a n s r l i i t t a l  o f  da ta .  F i gu re  n-1 i s  a t h ree -  

diniensional  p l o t  prepared from s ta t i , .  t e s t  data  showing r~~easured s t resses  

across t h e  f a c e  o f  t he  gear a t  va r i ous  i n s t a n t s  o f  t i ~ n e  ( r o l l  ang le ) .  

The movement o f  bo th  compression s t r e s s  and t ens ion  across the  face  i s  

e a s i l y  v i s u a l  i zed .  

The r e s u l t s  o f  a t y p i c a l  s t r e s s  survey,  comparing dynari~ic and s t a t i c  

measurements, i s  shown i n  F;gure b - 1 -  The dynamic da ta  n~easurernents have 

e i t h e r  equa l l ed  o r  exceeded the  s t a t i c  t e s t  r e s u l t s  by about 10:j:t. These 
2 e f f e c t s  a re  n o t  t r u e  dynamic ( rpm)  e f f e c t s ,  b u t  t he  r e s u l t  o f  v a r i a t i o n s  

r e s u l t i n g  f rom meshing t he  i ns t r u i~ i en ted  t o o t h  w i t h  each t o o t h  o f  t he  

mat ing  gear. 

Gear resonant f requenc ies a re  f i r s t  eva lua ted  on a s t a t i o n a r y  gear 

u s i n g  a i r  s i rens.  A p u l s a t i n g  a i r  j e t  whose freq~bar; .y can be v a r i e d  by 

changing e i t h e r  t he  number o f  ho les  i n  t h e  "head", or by va ry i ng  t h e  

"head" rpm, p rov ides  t h e  e x c i t a t i o n  source.  A r o v i n g  acce lerometer  i s  

used t o  produce L i ssa jous  p a t t e r n s  a g a i n s t  a reference p ickup  t o  i d e n t i f y  

mode shapes. 



The results o f  a t y p i c a l  s i r e n  t e s t  a r e  d i sp l ayed  as the zero rpln p o i n t s  

on the Campbell diagram shown i n  F i g u r e  cl-Yl Even thnr :he gears operate 

a t  h i g h  speed, we found no d i s c e r n i b l e  rpnl e f f e c t  on ft.c?quency. The f i g u r e  

a lso  shows t l i e  rpln a t  which the resonances occur .  Fo r  thase n o t  f a r r ~ i l i a r  

w i t h  gear  resonance, i t  i s  po i n ted  o u t  t h a t ,  because t o o t h  i tnpact i s  f i x c d  

i n  space w h i l e  the gear i s  r o t a t i n g ,  t h e r e  e x i s t s  bath a rearward drtd a 

forward t r a v e l i n g  wave t h a t  r e s u l t s  i n  resonalices o t h e r  than a t  a :me-tooth 

e x c i t a t i o n  f requency b o t h  above arid below by dn alt loul~t r s t a b l i s l i e d  b,mt the 

mode nul~iber . 

Gear resonan t  f requenc ies a r e  bes t  i d e n t i f i e d  d u r i n q  d y n a ~ l ~ i c  t e s t s  us i ng  

a  s p e c t r a l  analyzer.  The use o f  a V i s i c o r d e r  t i ine h i s t o r y  spectral a n a l y s i s ,  

such a s  shown i n  F i qu re  't-J p e r s ~ i  t s  accura te  e v a l u a t i o n  o f  t he  resonant  

f requency and rpnl. Th is  data can then  be p l o t t e d  as shown t o  i l l u s t r a t e  

the s t r e s s  s e n s i t i v i t y  o f  each mode w h i l e  passing th rough  resonance. 

The r e s u l t s  obta ined can a l s o  be p l o t . t ed  on a Canlpbell diagram, such as 

t h a t  shown i n  F igure u-4, The c o r r e l a t i o n  found i n  H,Y t e s t s  between the 

s t a t i c  s i r e n  t e s t s  and t h e  dynamic n~easurements h a s  been e x c e l l ~ n t .  I t was 

i n i t i a l l y  thought t h a t  f requenc ies  e s t a b l  i shed  f r o n ~  s i r e n  t e s t s  on i s o l a t e d  

gears would change when i n s t a l l e d  i n  t h e  t ransmiss ion .  Tests t o  da te  have 

i n d i c a t e d  v i r t u a l l y  no i n s t a l  1  a t i o n  e f f e c t s  on t h e  fundan~entn l  gear resonant  

d iamet ra l  nodes, 

The s t r e s s  cyc les  accumulated w h i l e  o p e r a t i n g  gears a t  resonance can be 

awesome when cons ide r i ng  t h e  frequency o f  s t r e s s i n g .  For  example, w i t h  a 

12,000 cps resonance, s t r esses  a b v e  t h e  endurance l i m i t  cou ld  cause a 

f a i l u r e  i n  only 10  m in tes  of  ope ra t i on .  For t h i s  reason, adequate damping 

i s  a must t o  ma in ta i n  t h e  resonant  s t r esses  a t  a ve ry  niodest l e v e l ,  

There i s  no d i r e c t  a n a l y t i c a l  a n a l y s i s  a v a i l a b l e  t h a t  de f ines  the t ype  

and amount o f  damping r e q u i r e d  or ach'evable.  F i gu reb -3  shows, however, 

what can be accon~pl i shed  by changes i n  daniping. These t eb t s ,  p l u s  o the rs  

conducted bo th  on HLH and CH-47 gearboxes,  led t o  a se l l t i -en lp i r ica l  

r e l a t i o n s h i p  t h a t  i s  c u r r e n t l y  used t o  
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s i z e  the damping ring so t h a t  resonant stresses a t  t h e i r  worst a r e  less  
than 5,000 p s i ,  
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APPENDIX H - TAKEOFF AND LANDING TIME HISTORIES 

The ti111e h i s t o r y  o f  seve ra l  t ypes  of t a k e o f f s  and land ings  a r e  d iscussed 

i n  t h i s  s e c t i o n .  The takeo . f f s  a re  shown f i r s t ,  

The t a k e o f f  t ime h i s t o r y  shown on F i g u r e  H-1 i s  a  cons tan t  ~ t t i t u d e  

t r a n s i t i o n  f rom hover t o  162 kno ts .  The l i f t o f f  and i n i t i a l  c l  i n ~ b  t o  
an a l t i t u d e  ou t  o f  ground e f f e c t s  i s  n o t  shown. Takeoff power s e t t i n g  i s  

mainta ined and the  1  i f t / c r u i s e  f a n  t h r u s t  i s  vec to red  f o r  a c c e l e r a t i o n .  

As t he  a i r p l a n e  p i cks  up speed and the wings share t h e  a i r p l a n e  weight ,  

Illore t l ~ r u s t  can be used f o r  a c c e l e r a t i o n .  A peak a c c e l e r a t i o n  o f  0.5 g ' s  

i s  reached a t  120 knots ,  The t a k e o f f  i s  a t  a gross weiqht  o f  32,400 l b s .  

(maxinlum h o t  day VTOGW). I t  takes 23 seconds t o  rc-acn 162 KTAS (120;'' power 

o f f  s t a l l  speed). The peak n a c e l l e  i nc i dence  r a t e  use: i s  a moderate 5' 

per second. 

F igure  H-2 i s  a sho r t  t a k e o f f  t r a n s  : t i o n  f rom l i f t o f f  t o  f l i g h t  speed. The 

a c c e l e r a t i o n  t o  l i f t o f f  i s  desc r ibed  i n  3 .3 .3  and shown i n  F i g u r e  3.3.3-9. 

The t a k e o f f  i s  made a t  a  weight  o f  37,750 1 bs. The perforniance i s  shown as 

a constant  a l t i t u d e  t r a n s i t i o n  t o  aerodynamic f l i g h t .  The t ime  h i s t o r y  s t a r t s  
a t  85 KTAS and i t  takes  17 seconds t o  a c c e l e r a t e  t o  174 KTAS (120% power 

o f f  s t a l l  speed). The peak n a c e l l e  i n c i  lence r a t e  r equ i r ed  i s  about 4'/sec. 

The a i r p l a n c e  i s  ready t o  conver t  t o  aerodynamic f l i g h t  about  0.7 nau t i ca l  

m i l e  a f t e r  l eav i ng  t h e  deck. 

Two types  o f  t r a n s i t i o n s  t o  a  v e r t i c a l  l and ing  a re  shown. F i gu re  H-3 shows 

a two segment approach and F igu re  H-4 shows a "rainbow" v a r i a b l e  gamnia appro3ch. 

These p a t t e r n s  were examined t o  p r o v i d e  some i n s i g h t  t o  the l a n d i n g  vec to r  

requi rements .  They are n o t  t h e  l i m i t s  o f  l and ing  t r a n s i t o n  c ~ .  ) a b i l i t i e s .  

The two segment approach (F i gu re  H-3) a r b i t r a r i l y  a t  200 kno ts .  The a i r p l a n e  

i s  i n  t h e  V/STOL mode. The a i r p l a n e  i s  dece le ra ted  t o  an a i r  speed o f  about 

100 knot, no ld ing  a  cons tan t  a l t i t u d e  (-0.20g's d e c e l e r a t i o n  i s  used) .  A t  

100 kno ts  cons tan t  descending f l i g h t  path ang le  (-15') i s  es tab l i shed .  The 

d e c e l e r a t i o n  i n  the descent  i s  O, lgs,  To reach zero speed a t  t h i s  d e c e l e r a t i o n  

r a t e  a long  t h i s  f l i g h t  ;)at11 the i n i t i a l  a l t i t u d e  i s  1640 ft. It takes about  

two n a u t i c a l  m i l es  and 84 seconds t o  make t he  approach. The peak n a c e l l e  

inc idence  r a t e  encountered i s  aO/second. The n a c e l l e  ang le  o f  a t t a c k  a t  100 KTAS 

i s  72'. 
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The v a r i a b l e  garnlua approach co~rtbines a cons tan t  rate o f  descent and a 

constant  dece le ra t i on .  The approach p r o f i l e  i s parabol  i c  frr~n i n i t i a l  

a1 t i t u d e  t o  touchdown ( " ra inbow profi le") .  T i ~ n e  h i s t o r y  i s  shown for a 
0.15 g ' s  d e c e l e r a t i o n  and a ra te  o f  descent o f  1000 f e e t  p e r  minute.  

The approach t a k e s  abou t  70 seconds and 2 n a u t i c a l  nriles. The i n i t i a l  

a l t i t u d e  is I 1 8 0  f t .  The peak n a c e l l e  inc ident  r a t e  i s  4.5°/second. 
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APPENDIX I - WEIGHT ANALYSIS METHOD 

A d i scuss ion  o f  the nlethods used t o  p r e d i c t  t h e  we igh t  o f  the NASAINavy 

V/STOL c o n f i g u r a t i o n s  i s  presented. 

T h i s  a n a l y s i s  i s  based on the  s e l e c t i o n  and a p p l i c a t i o n  o f  a r e 1  i a b l z  

para i l ie t r ic  we igh t  a n a l y s i s  tilethod, i n  con junc t i on  w i t h  t h e  NASA/Navy 

V/STOL des ign  c r i t e r i a ,  t o  determine t h e  p r e l  i n i i na ry  we igh t  o f  t he  ASW 

c o n f i g u r a t i o n  proposed by The Boeing Company. 

The method i s  inc luded  alllong t h e  Navy we igh t  d n a l y s i s  resources;  i t  i s  

updated f r e q u e n t l y  and has been used by The Boei ng Con~pany s ince  t he  

mid-1960's w i t h  c o n s i s t e n t  r e s u l t s  i n  areas o f  i d e n t i f y i n g  s i g n i f i c a n t  

weight  cons ide ra t i ons  o f  new a i r c r a f t  des igns.  

Weight v a l i d a t i o n  i n f o r m a t i o n  i s  presented i l l  t he  form o f  c o r r e l a t i n g  

da ta ,  ope ra t i ng  weight  comparisons o f  VTOL a i r c r a f t  and ac tua l  versus 

est imated weight.  A popu la t i on  o f  11 US1J a i r c r a f t  a re  inc luded  i n  t h e  

v a l i d a t i o n  and c o r r e l a t i o n  da ta  which have been prepared f o r  41 a i r c r a f t  

sample ( s u f f i c i e n t 1  y lc rge  enough t o  e l  i m i n a t e  sample s i t e  e r r o r s ) ,  b u t  

more s p e c i f i c a l l y  d8;ring t h i s  s tudy ac tua l  weigh t  in fo r tna t ion  on the  C-2  

and S-3A have been used t o  t e s t  and c a l i b r a t e  t h e  we igh t  a t ~ n ' l y s i s  method. 

Percent  O p e r a t i ~ g  Weight Versus Weight P r e d i c t i o n  Methud 

Appl i c a t i o n  of the  Boeing p r e l  i r l l inary  we igh t  analys-i s method produced 

50:: o f  t h e  o p e r a t i n g  we igh t .  From t h e  stalernent o f  work reco~nrnended 

gu ide l i nes  were used i n  t he  developmert  o f  a v i o n i c  and payload system 

weights.  F u r t h e r  analysis  by Boeing p a r t i c u l a r l y  i n  t he  a v i o n i c s  area 

es tab l  ished these  as exce l  1 e n t  sources o f  we iqh t  i n f o r m a t i o n  produc ing 

131  o f  t h e  resu l t s .  Propu l s i on  system we igh t  elements, e n g i n e s ,  l i f t  

fans  and t ransmiss ion  components (gea r  boxes, shai  L;, clutches, e t c .  ) a r e  

based on eng ine  2nd t r ansm iss i on  manufacturer  component we igh t  quota t ions  

account ing f o r  27'; o f  t h e  we igh t ,  Ten percen t  o f  t h e  we igh t  has been 

de r i ved  d i r e c t l y  from Lockhced S-3A a i r c r a f t  a c t u a l  we igh t  da ta ,  see 

Table  1-1. 



Typ ica l  P a r a a e t r i c / S t a l i s t i c a l  Weight Method 

The 'ding weight  tilethod i s  typical o f  t he  approach used t o  produce 

structural p ropu l s i on  and f i x e d  equiplnent group weights .  The wing 

we igh t  i s  i d e n t i f i e d  i n  f o u r  areas t h a t  serve p r i ~ n a r y  fu r . c t iona1  purposes, 

the s t r u c t u r a l  box, 1 i f t  dev ices ,  la teral  c o n t r o l  s and secondary s t r u c t u r a l  

i t e ~ l s ,  see Table  1-2, The we igh t  o f  these e le~ l len ts  a r e  p r e d i c t e d  as a 

func t ion  o f  the s i g n i f i c a l t t  desiqn para~neters  t h a t  a f f e c t  and c r e a t e  t h i s  

we igh t .  Approx imate ly  25 des ign  paranleters a re  i n v o l v e d  i n  the p r e l i m i n a r y  

des ign  v~e i r lh t  a n a l y s i s  o f  t h e  wing, 

L i f t / C r u i s e  Engine Pod Ro ta t i on  

The engine r o t a t i o n  weight  a l lowance  was deter lu ined fro111 a c t u a l  weight  

and t h r u s t  i n f o rn i a t i on ,  The da ta  presented i n  Table 1-3 has been rleveloped 

f r o m  VTOL a i r c r a f t  w i t h  p ropu l s i on  r o t a t i o n  requi re lnents  s i m i l a r  t o  t h e  

Model 1041 -1 33-1. 

Advanced Techno1 ogy Weight 

A p o t e n t i a l  o f  15% weight  improvement (1400 1 bs )  th rough  widespread use o f  

advanced technology s t r u c t u r a l  i n a t e r i a l s  i s  shown on F i g u r e  1-1. I n  t h a t  

t h e  15% improverlent i l i ipl i e s  techno1 ogy deve lop~ l~en t  which nlay o r  may n o t  

occur ,  an improvement o f  10% (about  900 l b s . )  i s  used i n  t h i s  s tudy ,  As a 

result,  the  o p e r a t i o t i a l  a i r p l a n e  we igh t  a n a l y s i s  has a  500 I b .  w e i g h t  

cont ingency i n  advanced s t r u c t u r a l  t e c t~no logy  cons ide ra t i ons ,  

Opera t ing  Weight Versus Gross Weight 

The p ropu ls ion ,  we igh t  and aeroujr !arr~ic n i iss ion s i z i n g  a n a l y s i s  o f  t he  

o p e r a t i o n a l  ASW c o n f i g u r a t i o n  (Model 1041 -1 33-1 ) produced an ope ra t i ng  

w e i g h t  t o  gross we igh t  r a t i o  of 0.623. The r e l a t i o n s h i p  o f  t h i s  ASW i n f o r -  

m a t i o n  t o  a group o f  h e l i c o p t e r  and V/STOL a i r c r a f t  i s  presented i n  

F i g u r e  1-2 and  t h e  V/STOL ASW w e i g h t  r a t i o  p l o t s  near  t h e  curve  o f  t h e  

mean 1 i n e  th rough  t h i s  ~ 2 a t a .  Note t h e  C - 2 A  and S-5A a i r c r a f t  i n f o rma t i on  

has been inc luded .  



Actual  Weight Versus Es t ima ted  Weight  

The a n a l y s i s  o f  41 a i r c r a f t  by t b .  rnethod descr ibed i n  t h i s  s e c t i o n  producod 

the r e s u l t s  p resen ted  on F i g u r e  1-3. Sorne o f  tho  c a p a b i l i t l ' e s  o f  the 

niethod a r e :  t he  a b i l i t y  t o  p r e d i c t  a i r c r a f t  w e i g h t  r e g a r d l e s s  o f  s i z c  over  a 

wide r a n g e  of a i r c r a f t  f u n c t i o n s ,  whether  p a s s e n g ~ r ,  cargo,  f i g h t e r  c l a s s  

or s t r a t e g i c ;  and t h e  a b i l i t y  t o  prcdict a i r c r a f t  w e i g h t  within one sigrrla 

s tandard  d e v i a t i o n  o f  + 5 ' i .  The d i f f e r e n c e s  f o r  V/STOL o p e r a t i o n a l  f e a t u r e s  

between t h e  ASW c o n f i g u r a t i o n  and t h e  p o p u l a t i o n  o f  a i r c r a f t  presented here 

have been accounted f o r .  



Figure I-7.-Advanced Tech.-;ology Weight 
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Table I-1.-Percen t Operating Weight Versus Weight Prediction Method AS W Mission 

% OPERATING WEIGHT VERSUS WEIGHT PREDICTION METHOD 

ASW MISSIOtl 

SOURCE X O,Wl 

NASA/NAVY SUPPLIED -2 l7 1 0 

VEIiDOR QUOTATION 27,O 

SCALED FROM S-3A 

ZOO ,O 



Table 7 -2.-Typical Parametric/Statistical Weight Method 

o USED TO PREDICT 100% OF THE WING HEIGHT 

o NING WEIGHT = STRUCTURAL BOX + LIFT DEVICES * + LATERAL COiiTROLS + 

SECONDARY STRUCTURE 'I \(HERE THE WEIGHT OF: 
1 

1 = f (w, SH, N, T/C, A? J J -A- ~ 1 4 4 ,  EXPOSED SPAN, 

DEAD WEIGHT RELIEF, FOLD LOCATION, LANDING GEAR 

LGCATION, FATIGUE AND GUST CRITERIA) 

o PEEDICTS CONVENTIONAL llETAL WING 

o Ib1ATER IAL & CONSTRUCTION CHANGE FACTORS ARE CONSIDERU, 



Table I-3.-LiftiCruise Engine Pod Rotation 

ROTATION WEIGHT - LB 410 387 450 

THRUST OF RIITATED ENGINES - BS 15500 1) 16600 22660 

ROTATI ON WE! GHT/THRUST 0.026 0,023 0,02 

I >  
CC 
a 

LCFA - 133-1 IS NOT CONSTRAIND BY THE DEPTH OF THE UIHG. THEREFORE, ASSUME 

A S lMPLER INSTALLATION, DESIGN ANALYSIS REQUIRED, 



APPENDIX J - ElAX IMUM LIFT,  SPEED AND NACELLE DEFt  ECT I O N  CHARACTERISTICS 

FOR THE 1041 -1 33-1 

Maxirnulri l i f t ,  i n i t i a l  b u f f e t ,  n~axirnum speed and l i t r i i t e d  nacelle d e f l e c t i o n  

e f f e c t s  have been es t imated  f o r  t he  ASW l i f t  f a n  c o n f i g u r a t i o n  shown i n  

F igure J-1. Boundaries f o r  bu f f  c t  onse t  and t~iaxi~ilurri 7 i f l  are shown i r ~  
F igure  5 - 2 .  Nacel le  de f  1 e c t i o n  e f f e c t s ,  i n c l u d i n g  t h e  induced aerodynamic 

e f f ec t s ,  a r e  incomplete due t o  t h e  l a c k  o f  s u i t a b l e  da ta  f o r  e s t i m a t i n g  

t l iese c o n f i g u r a t i o n  sens i  L i v e  e f f e c t s .  I n  genera l  , i t  i s  be l i eved  t h a t  

favorab le  induced e f f e c t s  w i l l  r e s u l  t fro111 t h e  a f t  elig ines when d e f l e c t e d .  

However, t he  nose f,in will probab ly  have adverse induced e f f e c t s  (suck down) 

and reduce t h e  f avo rab le  e f f e c t  f r o m  t h e  a f t  engines. 

Q u f f e t  and Maxi~iium L i f t :  ..* 

The b u f f e t  and maxirnuni 1 i f t  boundar ies shown i n  F i gu re  3-2 f o r  t h e  133-1 

con f i i r g ra t i on  a r e  based an :Ch:4 wind tunnel  data;  r e fe rence  J-1.  As the 

YC-I4 wing i s  s i m i l a r ,  i , e . ,  same a i r f o i l ,  l ow  sweep and  app rox i~~ ia te ' l y  

t h e  same th ickness ,  i t  was assumed t h a t  b u f f e t  and rnaxi~llu~n l i f t  f o r  t h e  

133-1 would occur a t  t h e  satlie a n g l e  o f  a t t a c k ,  By c o r r e c t i n g  t he  l i f t  

curve s l ope  f o r  t / c ,  sweep and aspect  r a t i o ,  t h e  l i f t  c o e f f i c i e n t  f o r  t h e  

133-1 b u f f e t  and maximum 1  i f t  boundar iss were *:cf i ned .  

Maximunr Speed and Susta ined Load Fac to r :  

The maxinium speed and maxin~lum sus ta ined  1 oad f a c t o r s  were deterni i  ned us i ng  

t h e  drag p o l a r s  from r e f e r e n c e  5-2  and engine d a t a ,  da ted  1/17/75. The 

1 .0  s i z e  eng ine  data used were sca led by 1 .922  Appen. B *  The f o l l o w i n g  

t a b l e  sumn~arites these l o a d  f a c t o r s  f o r  severa l  c o n d i t i o n s .  

LOAD FACTOR 

Cond i t i on  

M = .30 
Sea Level 

M = + 6 5  
10,000 ft. 

M = ,835" 
10,000 f t. 

n max. susta ined 

* Maximum l g  susta,incd s p w d  at: 10,000 f t .  
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n Inax. u s a b l e  - n b u f f e t  onset - 



Induced Aerodynamic E f f e c t s  Due t o  Nose Fan and Engine Exhaust: 

The o p e r a t i o n  o f  the  nose fan and t h e  engines when r o t a t e d  t o  90' causes 

induced aerodynar~lic e f f e c t s  as a r e s u l t  o f  t he  exhaust (and i n l e t )  f l ows  

c i r c u l a t i n g  a b o u t  t h e  con f i gu ra t i on .  The procedure f o r  d e t e r ~ r ~ i n i n g  these 

e f f e c t s  i s  t o  separate t he  bas ic  ae rodyna~~ i i c  c h a r h a c t c r i s t i c s  and t h e  ac tua l  

t h r u s t  e f f e c t s  fro111 t he  t o t a l  f o r ces  a c t i n g  on the  v e h i c l e ,  The cl i f fel-ence 

i s  t h e  induced aerodynamic e f f e c t .  Thase e f f e c t s  a r e  a f u n c t i o n  o f  engine 

t h r u s t ,  f o rwa rd  a i r  speed and most impor tan t ,  t he  v e h i c l e ' s  con f  l g u r a t i o n .  

By a p p l y i n g  t he  p r i n c i p l e  o f  supe rpos i t i on ,  the  induced aerodynanric e f fec ts  

can be added t o  a v e h i c l e ' s  perfortnance i n  V/STOL modes. Though t h e r e  

i s  a l a r g e  q u a n t i t y  o f  powered inodel da ta  ava i lab ' le ,  i t  i s  n o t  i n  a for i l l  

o r  s u i t a b l e  c o n f i g u r a t i o n  which rnakes i t  poss i  hle t o  determine t h e  induced 

aerodynamic e f f e c t s ,  Because o f  t h i s ,  t h e  f o l l o w i n g  da ta  should o r i l y  be 

used i n  a p r e l i m i n a r y  manner t o  i n d i c a t e  t r ends .  

The o n l y  d a t d  reasonably r e l a t e d  t o  p r e d i c t i n g  t h e  e f f ec t s  o f  t h e  nose f a n  

was found in re fe rence  5-4.  The l i f t  da ta  shown i n  F i nu re  5-4, are 
non-dimensional ized w i t h  fan t h r u s t  c o e f f i c i e n t ,  CT, and a re  p l o t t e d  a s  

V a f u n c t i o n  o f  e f f e c t i v e  exhaust v e l o c i t y ,  Ve = These r e s u l t s  

i n c l u d e  t h e  v e h i c l e ' s  bas i c  a e r o d y n a ~ ~ ~ i c  c h a r a c t e r i s t i c s ,  t he  d i r e c t  t l l v u s t  

has been taken ou t .  However, t h e  data does i n d i c a t e  a  s i g n i f i c a n t  

de t r imen ta l  e f f e c t  on l i f t o u t  o f  ground a f f e c t ,  e s p e c i a l l y  a s  Je increases 

(o r  Vexhaust decreases).  These r e s u l t s  a r e  expected t o  be t y p i c a l  f o r  

t h e  133-1 w i t h  o n l y  t h e  nose f a n  opera t ing ;  huwever t h e  induced aero e f f e c t ,  

t h e  v e h i c l e ' s  bas ic  aerodyndmic c h a r a c t e r i s t i c s  and t he  e f f e c t  o f  t h e  

c r u i s e  engines cannot  be separated ou t ,  

The induced aerodynamic e f f e c t  shown i n  F i g .  J-5 w i t h  t h e  a f t  engines 

r o t a t e d  t o  90' were es t imated  fro111 d a t a  i n  r e f e r e n c e  3-5 .  

These da ta  a r e  t r u e  induced e f f e c t s  as t h e  v e h i c l e ' s  aerodynctnic c h a r a c t e r i s t i c s  

were measured w i t h  and w i t h o u t  j e t  e f f e c t s  and t h e  t h r u s t  was n o t  a t tached  

t o  t h e  model. The d a t ?  hk?d t o  be e x t r a p o l a t e d  e x t e n s i v e l y  t o  match t he  

exhaust l o c a t i o n  on t h e  133-1. The exhaust j e t  l o ca ted  a t  25% semi-span 

i ns tead  o f  n e x t  t o  t h e  body, t h e  f l a p  c o n f i g u r a t i o n  was n o t  t h e  same as 

t he  133-1 and t h e  data were taken w i t h  exhaust f l o w  on ly-no i n l e t  was present .  



Corrections were n o t  made f o r  these d i f ferences.  However, these data  

can be used as  a general g u i d e  as t o  t he  expected t rends .  I n  gener3l , 
locating the exhaust a f t  o f  the wing t ra i l ing  edge produces favorable 
e f f e c t s  which i n c r e a s e  w i t h  f l a p  deflection, Je t  exhaust locations 
ahead of t he  wing l e a d i n g  edge g i v e  adverse i n t e r f e r e n c e  e f f e c t s .  
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