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'I'he~ stutly w:lr; iiilccrmpl i sh id  ill L \vtr 1 4 i l r . t  s .  !'art I connistt~(1 c r t '  u st>l.it*s 111' nir \.a1 
opt~ratitrntil rt~rcrul'l designs ltladitlg to ir r r~ul t ' l )ur~~trnt?  nil.l)lant~ captiblca ol' ~ ) r ~ ~ * I i t r n ~ i ~ l g  i~ 

\ru~nii, ty 111' missio~ls  wit11 n~ i t l i n lu~ l l  ~~icrclit'ir 'il 1 '  lor1, 

' 1 Ihr  ~* r l a t~ons l l i l ) s  of' 111t~ 18 1.rs111ting c t r l ~ l ' l g i ~ ~ i r t i ~ ~ ~ ~ s  und thPl r  i t l i ~ n t ~ f ' y ~ n g  nlrttlc~l 
numhr~rs  art1 s l~own  in I'rgurt. 1 . 

As n rc1sult c r f '  t h r  11oi11t c l t ~ s i g ~ ~  coni'igul-:it i r r l ~ s  studied in I1art I .  11111 A S K  a l ~ * l ~ l i ~ l l i ~  
bcramc tllrl l u i s  Iilr this multimission d~bsign. A n  isomritric v i t w ,  cnl l~ l ius iz~ng tilt* 
V S'I'OL f ' i~n lur t*~ ,  is s l ~ t ~ w n  in I'igurch 2. 'l'hta tivo rnginc?s rnounle~tl l ) t~I~int l  th~b 
virtoiublc~ pitch lil2,cruisc l't~ns. ant1 tllcl i>nginr.f'iin rlnits r o t a t r  Lo 1)rovirlt~ t l~l-ust  
vrctc~ring f'or V.  STOI, opclrnticrn, h s1~i~f't-drivt~11 varinblr pitch l if't faan is tnrluntt*cI :illt'i~d 
of tllc crilw slations, 

111 cruise  and  Iljgh-sl~c~rcl f l ight  t h r  airplania is ronvtwtic~nal  in i i l ) l ~ ~ a r a r ~ r ~  nnd  
olic~nit ion. Tho nosib I'tin is dlst~ngi~gcltl f'or cruistb flight. 

A summary  i1i'thr point dcsigns drvtllol)cd i l l  thi. I'art I study is shown i l l  I'igurrl 3. 'llflt~ 
vertical onboatd drlivrry (VOlI i  aircrnfl is a n  cxctbption lo th i s  Ihrnily in  that  it: 
rtbrluirrs t l i r i ~ ~  ctlgintss rnthrtr than  two and i ts  l 'usclng(~ is substnnt ial ly  dil'['trrtnnt 
brcausc of' ti~cl tr:illsport niisslou r t~quir t*tnr~nt .  Otllcwvisr. ihta ASW drssign is r.ritir:al; 
thut is, thr ASW nirplanck muvt be somewhat  l a r g ~ r .  than tho o ther  priint rlt*signs. and it 
ran bv rtbridily modifit~d trr ~ ~ c r l i r r n l  thr* o lh r r  missions in i t s  multimissitrn roltl. 
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Mis5ioti GW, [I) 

Tlith s ta t ic  pc~*l;~rrnuncr. of' ~ I I L I  p ropuls~on r t~rnb~ni i t lon  uhrd f'or boil1 l h r  o l l r r ~ i l ~ o n ~ i l  i111d 
tt*chnology rxirplunrs at soil Irvi*l und Ut1" I? is sho\r~n in tnhlr* 2 ,  ISact~ cln~inc. tls~vca+ i i  
rtarlu~tion gear se t  Ihrclugh on c~vtlwunning clutch. A r ~ g h t  anglr brxv(~I sr.1 r ~ i s l l ~ l l ~ u l c s  
powor to  thc fiaonl Snn Il11.1rugll ;i '1'-box and  clutcll, Airplunr uinilclsfiory ~)on'c~l' I &  tak1.n 
from thr war of Ihc T-tlr~x. Thr* c lu t c l~  ndjacrnt  t o  t h r  T-box disconurcts lht* f'ront l'rln 
during convcnlionnl flight. 

Ti~/)/t? 1 ,  K ~ ~ t / r j t ~ ~ i , s s t ~ ~ t ~  A tr(:rigft 

Thrust  vector contml d u r ~ t l g  VlSTOL c~l)r~rat lon 1s nchicvtvl by rolntlng Lht. 111'1 rrulsth 
!';ln nactxllcs. Thrl nosc f'an th rus t  vrctor  is Sixc~rl 15'J f i~rwnrd o f ' v i ~ r t ~ r a l .  Ilurit~g 1' S'SOI, 
trnnhltiou, ils thrl nact*llch rC~tnt(* and  th(&ir morncnt nrm about ~ I I c *  c.g. changc~~ ,  11111 n o w  
f;ln t h r ~ l s t  Itavcl IS clinrigi~d to  ba1ilnc.i. thi. mtrrnt~nts. 
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' 1 % ~  li~cllnrlltrgy a~~-plania,r of' 111ct I'tlrt 11 stirily ~vclrr busi*tl c r r l  t l1c1  ASW I : ~ I * ~ I ~ I I I  ol t l ~ i a  

tnul t ipurl~osc dcs~gn. Thtl prol)ulhion arrangcnirsnt and SIT(. IS I I I P  siinltn nh t l i r *  AS]$'. 
clxrrpt f i ~ r  t110 c~ngint~s, wh1c~11 i~n* v11rril11t modt~ls  ol* thrl opr ru t~r rn t~ l  csngtncb. 'l'lrtl .slat lr 
l h rus t  t i v a ~ l n b l ~  is shfrwti 111 tiil)lca 2. Wntcrlalcrlhcll 111,lt*c.t trill lh ~:.svd to pnlr ltlr 
contingcucny 1)rlwt~ ~n tllca c~vrn t  oi' ainglv-t*ngintm oy)t*rat i t~n .  

A thribil-\ricw of' Lhc ill1 nclw trclint~logy uirplanil, ir~odrl 104 1- 1:14, is shown in I'igurt* 4 .  
I 'o~nparcd to the mu1 timission airpl;lncl, it hus o mtrrc. s:;andcll. I'~1fii~lugc3, il t \vt~-l)luct~ 
instrlnd ot' a four-platlc cab, and ii snl i~l lor  wing. 'I'hr. wing sin. \v;is 1.rldurtlc1 141 mii in~ai i i  
Lhr opc~ri~tionill wing loading i i ~ r  similurity in flight cl~i~rt ictcr is l i rs ,  'I'hcvit~ tlil'i'r~rc~~~c'c~n 
r i~sul t  i n  an  opr;l.nting lurlight of l(i 400 lb ~ ( b n ~ ~ ) i ~ r t a d  to 2 3  5tIO lb iiw 1 h(- r)pc*ri~t iollul 
ASW. A ~*rlmpnrisou (.I' pc~tqtinc~nl wtlight is s l ~ o w u  ill tubltl 3. 

With I4ull ~ ~ o y l o a d  cind two crew rn(lrnhr11.h at clmtlrKranry l u n d ~ n g  grtlhs wc~rght ((;\TI ol' 
20 .1110 Ib, it carrips 1.1!10 111 tri' f'utbl. Tllih will prrlvld(3 n hovt~r  (wlul~nnccb r r l '  1H Inill. 'i'ht~ 
nll-enginu o p p r a l ~ n g  t h ~ ~ u s t ~ w r ~ t g h l  rutlo 1:. I .:Hi a t  this wt>ighL, Vclrt~ral fltght a1 I ~ ~ g l ~ c a r  
wilight 1s saftb wil'nln a limitcd huvihr~ng rbnc~lopc*. 

A tcc11nr)logy uil.plzlnc3 bilstld on mod~l'ying a T-39 Snbrrlin(*r wns stud~rld us il mcJiins r r l '  
r rduc ing  cost [Modrl  104 1-135-2,. A gcncrc l  a r r a n g c m r n l  1s .shown ln I'lgurr 5 .  
Moclil'irntirrn crlnslsls primarily r)f rcmovtng unnrcrlssary wt~lght ,  cllanglng tllcb trtlhcl and 
nit body tc: occrpt tllc V STOI, propulsion systttm, and relplacing t h r  tWanrlpy to pikrrn~t 
qcctitrns. 11s opclrating wclgllt is 7011 11) hi~:ivir~r tlinn tllc all  n rw 1 0 + 1 1 - 1 ~ ~ ~ 1 .  At thta 
single-cngine emrlrgrncy w e ~ g h t ,  i t  car1 carry 790 Ib of fuc4 wrth two c r tw  mrrnhtlrs und 
full payload. A hr~vcring clndurunce ol !I min can be extended by rc2mov~ng i ~ i ~ r t  (11' the. 
~ ~ n y l o n d  or limitrng tllcl howring rnvtllopu. This  configuration retuins thc  h i l s~ r  T-:l9 
wlng. Tha cost al' rrducing 111~ is111g s1r.r lo  match thr. operutionul wlng loutling wc)uld 
cancel 111~1 cost f i i \ ~ ~ n g  ddur~ to niod~l'irution. 



16 ft 8 in. 

b-m& J 

1 I , 

i E 

i - 48 ft 7 in. 

5Eift 11 in. - 

Figure 4.-AIl Nerv Technology Airplane, Model 704 7- 134 



Inc:lr~rl~!s ~ - x t { ~ ~  nal tankh. 

A l i ~ r t l ~ r r  mill1 cost ri*ditclirltl \viir; iir.ttir~votl 1)y l i m t t ~ n g  L h r b  r ,pilr i~tl l~r,  of' a n le~d i j ' j~~d  
uirplnnih to lhc1 low spvi-ds osr;l)riittcd witll tukt!otl', l u n ~ l i n ~ ,  ancl trilnsititrn. ' ~ I I I F ;  
c o ~ ~ I ' i g u r z ~ t i ~ ~ n  is illsu z i  ~ ~ ~ ~ ~ d i f ' i ~ u i i i ~ r i  I I ~ '  t11(& 'l'-;j!) hle~ci~*I 10.1 1 -1;3(i. A(Iditi~1nk11 ( ~ l i i i t ~ g ~ ~ s  
c t ~ n s i s t  n lninly  oi' ~~cn~l lovi l lg  l l ~ e l  ['il~ir)!)y, f ' i x i ~ ~ g  t11i. I ; i~ l ( I i l~g  R ~ ~ U I * ,  i111tI I ' ( ' ! T I ~ V I I ~ ~  

r l  unnrbcPsnury d r ~ o r s  i111cI uc*tuatc~l-s. l l ~ i s  u ispl t~t r t*  is ( iO0 111 l igli t(*r t l l a ~ l  lIi(3 hlod(~1 
10.1 1-1 35-2  und only 100 111 h ( ~ a v i t ~ r  tll:tt) tllc illi nrlw Mo(li8l 10.1 1-13.1, 

'l'hcx all ntlw M c ~ c l ~ ~ l  1041-1:$.1 t h r  nic~st, t);~s 1e1\\* r i sk  on tv~~ig l~t ,  i ~ n d  ~ ~ i ~ r l i ) ~ ~ n ~ r ;  
wtall. 

a T11c low-sl~rlrd niod~i ' icd 'r-:31) is tI1tl Ir l i lh t  rlxpvnslvci, i t  hlls low r ~ s k  1111 ~ c a ~ g l l t ,  but 
its porfot.m;lnrt~ c*al)abilily i s  linlitrltl 11, low apc>rlcl. 



Figure 5, -Modified T-39 Technology Airplane, Model I04 7 - 735-2 



Mul~y hu~'re-fi~f'u1 VIS'I'OI, c~xl~clrimrnCal iiircrrltb Iluvcl flown III  1hc3 iusl twc~ docudcs. II'rw, 
caxcrpt for 11t.l ~ctrptrars, havts rcsui tcd in usi~l't11 oporntionul syr:trnms. Hccent trthndw in the 
strategy of nuvol wurfuro Iauvr rc~vruled n potcntinl rcquirihrntant for high-sprr~d V/STOL 
nirpluni~s thht may well nupply Ihr mission roqr rrumcnt fur vcrticol tnkeoff' that  hus 
berm misalnf: in  l~rcvit~us kil~ldi('t4 tlnd i ~ x I ) ~ ' ~ ~ i l n ( ~ ~ l t ~ .  T h i ~  lurn 01' evcmts could rrsult in 
111~ inlroduction of' I~igll-npclcntf VtS'l'OL nirplrinc~ us il mujor ~ l m w n t  in tlic composition 
01' rnodrrn nuvr~l ibrcrn. 

Surcessful d r~v t~ lap~ner~ t  of' vtartical and short tukeof'f' nnd landing aircraft with good 
puyloud rung(% tinrl h igh-s~~r*i~d cupability will ullow cfrcctivrl nir power l o  bo dispcrscd 
throughout thv flrut insttsud of' btaing conct%ntrutad on ronvi~ntir~nnl aircraft carrirrs. 

Other l n i l i l ~ r y  ilpplicutions utlc c~vidcnt. TrnOp dt'ploymenl, rtwcur. survcillancc, nnd 
ultouk rnissions oi' birth tllc Army nnd Murintas cr)uld pliof'it I'rom tllc drvclopmrnt 01' 
liigll-spclrtl VTO aircraI'l. 

In  tlir civil uppliculions, dr\rllopmrlnt and rcnupply a t  rtzmotcl locutions in dif icult  
cnvironmrnt can also 1~ improvcd by high prorluctivily VTO aircrafe. 

This study 11ns nddsrssrd lho problem (uf'dcsigrlirig a vvrtical tukt*ofS airplane to pc!rSorm 
tlicl ni~vul rnissic~n, It is shown thut prope*ri srlisctio~i oi' modcxrn propulsion ccnnpontants 
combined with a traditional uerodyntmic configurntion can yirld a twin-cnginc airplnnr 
having vcry rcspcctublo, convcntionul perSormanc~ together wit11 excellent vivlical 
takeoff capability and mgine-nut salilly. Pcrrcll-munce atid control after ~ n g i n c  failure is 
supcarior tc~  that of conventionul twin5 during normal flight. (:onventional saf'taty 
margins a rc  retninod during vcry low-spr~arl ['light and hover, 

Thr solcction of n lila!cruise run system a t  a disk loading balanced between the 
rryuiremunls fbr low-spcrld thrust  and high-speed fuel c3alnomy has  resulted in an 
~ ~ i r p l a n c  that mininiixcs tlic i n l i c r ~ n t  pcnalty of vertical tnkr*off. Figure G shows tho 
application of thesc principles to a V/STOL kSW airplunr and compares it to lhc 
porl'orrnnncc of llir co~~vt~nti trnnl ,  currier-based 8-3A whP,1 both art1 flying the ASW 
l~iss ion.  

Although I he  r c s d  ting rIcsign is unique, principally in its cornhination of prev~ously 
succesbful componcnls, Ihp combination does require vnlidation. Trchnicnl risks cun be 
resolvrd by demonstra t ing t h e  ucrndynamic,  propulsiun, a n d  f l ight  cunlrol 
charactorislics oS the airplane in a Lechnology drlmnnslratnr. Several pr~ssibilitics nl' 
ttlchnology demonstrator airplnncs a rc  prcsrnlcd. Thry all share  in common the  
advnntngt~s of bcing sized tn un existing engine. The f'un and trnns~nissiori a r c  
praclically identical to thcir Ihll-scale opcrntional cnunterpurts, thrll.cby dcmunstrating 
tllc new f ~ a t u r c s  at full scale bu l  avoiding thc requiromcnt for engine d~vclopment nt  
the d~~rnonstrntor stagta. 



Rarirus. rrmi 

Figure 6.-ASW Mission Performance 



3.0 SYMBOIJS AN13 
AUURI<V.IATl ONS 
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A 1' 
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LJ 1) 
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drag. lb tN1 

Ilclroit Dir*scl Allison 

P Osrvolcl ri l ie~rncy fhctor on drag dutl to I111 I V ~ ,  - 4 ('L' T A P )  

11' thrusl, lb IN!  

F, ; gross Ihurst,  Ib ( N I  

lac: ma1 maximum gross thrust. 11) [ N I  

1?1,/(* 111'1 rruisc Ih11 Ihsusl,  l b  ~ N I  



t i ~ o n ~ r n t s  01' ~ n t l r t ~ t t ,  slug l't' ~ k ~ n l ' l t  
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v 
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Vll 

V01)  

ViSTOL 

VTO 
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VTOL 

W 

dyi~:l~niv p r o ~ s ~ ~ r v ,  I\> j t 2  4 N  IN'^ 

C o l t 1  [)l'(bhhtll' ~ l I ' i L ~ S I I  I'tL rill l r )  

la11 I)l'rs.ssul.ca 1 x 1  I o 

.I -1 

w111g or  i7c~li*rt~nr.i* tirrltl, i t "  t ni-1 

.st~rliic~t~ atlirclt 

hlalll~lty i l ~ ~ l ? l ~ ~ ~ l l i l t l ( ~ l l  syhl r l t l  

q1vc111r i\1<*1 i l o t ~ s \ ~ ~ ~ \ \ ) L ~ o ~ ~ ,  111 llr 11) 4 1 ~ ~  h Nl 

bllOl't tiiI{['[)ii illld Ii111[1111~ 

tom~)(*~.iit un*, r l t b ~ :  

tl'L1tb l'hl)('('[] 

IIl~clc~lc~s:, cllortl rr1L1o 

Lurb~nr~  ~ n l r l  l i  ~t~l)or : l l~lrr*,  [Irag 

tnlirc~f'l' 

takrlof'f' gl.oss wr*~glil, lb I kg1 

vt~loc~ty ,  kn cm ,si 

Icvt4 11 1:;11L innxiinurn spchclt[ 

t er 11c.al 1:1nd111g 

I'rrc~slrc~urn vc1oc.1 Ly 

v ~ r t l c u l  onbaard di41vt~ry 

v e r ~ ~ c a l f s h o r l  talcroll' and l a n d ~ n g  

vtlrllcal talrtboif 

vi.rtlc;l talccofl'grr~ss w c ~ g l l ~ .  lb  i kg) 

vrll,~icul tnkrclfl' and landing 

\vrigtit. lb t kg,, airflow, 111,s tlcg sr, watts  
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4.0 I'AR'I' I-NAVY Olt'Z~~IIArI'IONAX. AT1t(~RAl~l1 

2. A ~ i t i s u l ~ n i i ~ r ~ l i c ~  cAS\Vt 11~11.t)l i t t  1 0  I l t l t l  It ~ O I '  I ~ I I '  i11 ;1 l'ildlllh t j f '  1:)1) 111111 ; I ~ . I I ~ I ' I ~  

M ' I ; ~ I  t\)o MIC-#lli t ~ ~ t ~ ~ ) c ~ c ~ c ~ t ~ ~ ~  i ~ n d  .GO s{~~itrlrllo\.'.s. 

I'ornpltllo mission gt'crutldrt11~w iiI'th g ivt l i~  111 thth :ip11c~il(Iis 

S'rol,  i) I t'~'t+ilI'i \Vial'(> ( l tb~iglltbd ii11' tnilL'Il 111 lh511bll,  'rli(b l l t l  I 111 C1(~blglls \Vtlrt> t l1tml1 t~11111]1:11~t*t~ 

Lo I'incl then hrs t  mult  i n ~ i s ~ i o l l  i i i~ , l~ I i~ l ic~  ~ n c l  to t l t~t t~l . ln i~i l$  t l ~  I I I I S S ~ O I I  cbrllrlllrcltillhcls s t j t ~ l i  ;I 

rr)nrthpt \vould rnlrtil. 

Thr point cl(3sign uircrnl't wr*rt1 conl'ijiust~d to ] ~ ~ ~ r I i ~ t ~ i i i  tllc I'ivt) ~nissilrlls. A c I c ~ ~ c ~ l o l r ~ ~ l t ~ l l I  
of an c?xisting cbnginc I Ilc-t.roil I)i(~ct.i Allis.;cln 'I'7111 1 and fi%-in.-clin vai*~al)lt* ~ ~ i t c l l  l ' i i t~b  

wcrtl ~ls i td  on ~111  ni~.l)lnncs. Tllcg a l l  Ilitd tl~rcbcl l';111s cont4 lil't f'i111 :i11{1 t\vo Ii!Z t - l r l ~ i s ( ~  f ' i i t ~ ~ j .  

and a l l  lrut the  V O I )  ustd two rngintas. 'I'llrl VOI)  ~ ~ t * t ~ t l ~ t l  t l l ~ ~ t ~ r ~ .  

Th(1 totnl i n s t t ~ l l r d  I>r)welr ~*c*cluirc'd i s  tlonlillurtbd by t h r h  sliort ti~kc~trf'f' i111d vr8iBI~l.ii1 
Innding ~ . c ~ c ~ u i r ( ~ m c n t s .  Thclrca six. t111,rc. Itlw-spc~c~tl c o t l d i t ~ o n ~  tlliit c.i~rl rlc~f'illcl the1 tiltal 
tllrt!.rt ~ x v l t ~ i r c ~ d :  I l I s11ot.l lnkc~ol'l'. tll~.i~st wtlight stttio 11; \YI  I t w  tl~rill omh; 121 I I I ~ S S ~ ~ I I I  

rind vclrtiual landing.  E' \tr 1.05; arid I : ~ I  c*Inrr.gcbnc*y \vikigl~l. (tlnginrb uuti vc*rtic;lI 
Innding,  I? kt' 1.0. I I i t .  I I I ~ - O I ~  t i 1  1 i 1  s t i  'E'IIo 
cmilrgcslrcy wcigljt i s  t h c  ~ v t ~ i g l l t  t l ~ i i l  c:tn a l l a in r~ t l  ; l l ' t t ~ r j c ~ t l i ~ o n  il l '  rc~lrirsit1)lc~ 11<1~10i1(1 

This vondit ion ran btl silt isl'irrl wi t  11 ontb I) [ '  two chnginrs Iirr ali  tllcl miss io t~s  c s s t ! i ~ l ) t  1'011 
'I'll(* VOI) c?lnclrgcbncy ivcaigl~t i s  I l~g l l  ht~causrl r r t '  tilt* largrl I'usrlagc~ ant1 n011rc~lc~:1~:1I~lr~ 
cllilractcl- trl' t h r  11ayloud. 

T t l i~  vasia l ion in mission g ~ ' o s s  ivoipht ilncl i~nlcbrgcltlry \vr*igl~L ~ f '  thc. t\vrl r ~ i g i n t l  dcnsigna 
is s l ~ ~ u l l  l ) r r .~iust~ of tlica usra ol' thr1 same* ~zngintas and Iillls or1 ill1 thc1 ti;t*!>liinc~s. A i ~ * l ) l n n t ~ s  
d(!signcd with "n~bbt*t+" ~11gint.s s i z ~ d  to 111(2 point tltasign would I1avr1 had il grcbnt~ r 
wcligllt s p n w d ,  As it  is, tl  totill n ~ i s s ~ o n  wrigllt  v;trint ion 01'  7.100 111 is l i ~ t l t ~ d .  F r ~ r  tIlt+i.ic. 
nil-l)lant~s tllch n~nxi rnum rmcbrgthnry gross \vcligllt i s  2.1 501) 11,. This is  tlllz ai.a~liklrlth 



'I'h11 thrt*cl-cwgi~li* VO1) is ;lrr ir~ionlaly in t l i i i t  111th [~1i1c~r,:t~11t~y 1:1.1155 \\ca~gllt I I I I I S L  I ~ t l  

i~rliivvtld with 1'1111 pi~ylo:ld. 'l'licb tli11~1 t11lgi11ta fill 11si3 ( 1 1 1 1 ~  C : I I I . I I I ~  tiilic'oI'i'ii~l(l l i ~ r ~ d i n g  i +  
lic~iii~ath thrt i'lc~or of' tlrtb r+ockpit t f'lg. !]I. 'I'hc~ sh:11't ~~ r r t~ t i i i g  I S  :~lscr (IiIli~sc~nt I'rorn Lliil olhtbr 
a ~ t - ~ ~ * n f ' t .  A s c l ~ i ~ m a l i c  is s l lo\v~i  i l l  I'igurr~ 10. '1 '11ta 'I'-I)ox IS Ir~rnli*(l i isyn~nr~~tl . i ral ly;  I'rtrn~ tl lc* 
'r-box tl i r* sIlal2 dcsrt~nd?; along tllrs r%;il)in wall I)cbltrn. itlib I'locr~., At1 cbxtri~ gr~:l~~l)rrx i?: us(+(] 
to ~ ~ I P I I  il1i3 sI1i11t f'r~~'~vart[. 111lc1i~1- t 1 1 t a  11t101'. irr 111iu 1'ro11t 1';111, 'l'lii~ (.l'li.~'t 011 t1111 t ; t t r i ~ ~  

~ I I ~ I - L ~ I I ~ ~ ~ I ~ I ~ ~ I I ~  is s t i o ~ v ~ ~  i 11 I ' I ~ I I  I-(a 1 1 . 

r 7 111th survoillunr*r ~ i i s l ~ l i ~ n r ~  i i ~ i i t ~ ~ ~ * r a s  ii ~~{airnc.talrlt~ r'ntlas 11niIc1r t l lv  I'ust~lagc~ I f'ig. 12 1 ,  A 
iz-1'L-di:l systr11n WiiS usrtrl. ' l ' h i b  air[~l;ini' lirrs !2[i.5 f't:! 01' iV191R :L I I (~  licl'fq[rrrlls 111t. ril~~sitrll  
from tiikrol'f' g ~ o s s  ict~ight of' B:! 220 lh. I : wllictl F \!' I .WI. 'l't~is IS siiI 'I ' iri t~~~t Ii11~ ;I 

v t~rl i ral  tulrc~ol'l: 

Thc~ l'ivcb 11tri11t dc>signs :In1 i-rrri~pi~~.c*d i l l  t i i t ~ l ~  4 .  It is i ~ l ) l l i l ~ ~ n t  tl l i~t 111~ AS\\'  r i i i ~ s i ~ ) ~ ~  ih 

1 1 1 t h  trlost stringrllll f i~ r  t11ta t\vc~-c~tlgilir : i irlrlat~t~s, All tllc othtlr niissio~i:; u1.1. pi~l.ti)rrnc~d 
l'rc~m i t  vtbrtiral t:ikrc~fl'; only t l ~ r .  AS\Y ~iclc~tls a sl1o1.t grountl r un .  O n  this  b: ls is .  111th AS\+? 
1-r~~rt ' igi~ri~t ion was ~ l s c ~ d  ils lhth \)usis iirr this lniilt i t~ii~siritl  i ~ i l ' ~ ~ I i i I l ( * .  

-- - . - - . - . - 
I ~ ~ I I I C J I  
--LA- 

R ~ I ~ ; S ( ( J I )  

C l p t ! r ; i t i t ~ ~ j  ~ . ~ ~ t l ~ ; j t i ! ,  Ih 
P,tylo;lrl, I t )  
F U V I ,  I ~ J  

~ I ~ ! , L ~ I [ I ~ I  (11 [ I . . ! )  L V * ~ I I ~ ~ I I ,  111 
M ~ I ; ~ I ( I I I  T . 0  , F:lU 
T I  I :  I I I  I ,  I 
W I I I ! ~  'i) t I, t l  

7 

L " I ~ ! ~ ' ( ; I \ ! I : ~ I ~  f , ~ r  I ! I J ~ I ~ , I ~ ? I ,  ~ r i .  

~ ~ 

- - -. . -. .- . . - . . . . - . - .. . -. . . . - . . . -. - - - . - . - 
LCFA-I:?:$ LCF-A 131 LCFA- 129 

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

- - 
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2 W20 

1 1  431) 
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(1.51 
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3 1 [I 

67 
-pdp---ppp-- . 

- . - 
LCf-A-13[1 

-- 
VOD 
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5 000 

I 3 ano 
42 300 

30 3110 
350 
G 2 

. . -. . . . . . . 

S A 

1 !3 1 81) 

% 540 
B tiso 

30 3'50 
1.12 

20 180 
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ii 7 

~- 

SU RV 

23 420 
[I 

8 ROD 
32 220 

1.05 
24 420 
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- 



W:.lg area 250 ft2 
Emtqency weight 20 180 lb 
~ j s s i o n  GIV 30 350 i t )  
Mission T.0.-F/k8 - 1.12 



LZ',ng area 310 f t2 
Emerq - r l c y r  l - ~ . a ~ g h t  21 500 1b 
h l ~ s s ~ o n  EL': 37 750 i r ~  

Fi!iurC? 8. -Poi:?t Dt..sr!~:~ A S 2  Airr)f,rr:t. L CFA- 728 





Third enqlnt. for VOD !ref) Far 

', / -. * \ 
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. - , , . ; i 3 7 . 7 , *  ? , J c : . , * - a .  11  

'---s:5: g. 27 

'; 
L - : ;  . : .. ' 

Ficqilr~ 70. - VOD Three- Engine Tr~nsmissiun 



Lcxlti- 

master, 

Seating Arrangement 

Canopy 

1 



Wing area 265 ft2 
Emergency weight 24 420 16 
Mission GiV 32 220 Lb 

I - 12 tt 
46.5 f T 

F(qr;re 72. -Surveilfanct. AirpI,3!111, L C F A  729 



iVing area 270 f t  
Eniergrncy weight 23 090 1b 
M15si0n GVJ 31 730 lb 

Fiqure 13. - CSA R, L CFA - 732 



-1.2 MULTIMISSION AIRClItAFT 

( 'onipur~son of' tllc* 11ornt tlrsigns f'rr~m t Il(1 stundpornt ol' [lm(llogmcBy i i t   nil:^: lo11 
webight, ~ i n d  pnylond lrld to solrction r ~ l '  thv ASW ;IS th~1 b n h ~ s  fils t I i (*  m t r l l ~ n ~ ~ s . ; r ~ ~ n  
nir'plnntb. Modrl 104 l -  128 wns n~narncld 10al 1-1 33- 1 und bvcclrncs t I 1 ( 1  ASW v(hlssron ol t l ~ v  
multimisxitrn uil-plnno. Pot+ convi3nlcncrl. Lllcl olhcl- vrwlons ol' the* n i i ~ l t ~ l ~ ~ ~ r ~ ) ~ ~ ~  rltru~)Lauc* 
wrrp givcln dash aurnbr~rs on thcl 1114 1-13:] tl(&stgnatic~rr: 

AnLisubmut*inp t ASW I 10.4  1- 13:j- I 
Surveillnncc 1 0 1 1 - 1 :%i-2 
Vcrticnl onbourd driivt1r.v IVOJI I  10-1 I-133-;I 
Surface nlttidc ( SAl 10.1 1 - 1 33-'1 
C'umbnl lstrikcj s i ~ ~ r r h  ~ t l d  I'C'ECUL~ I( 'SAR) 10~1 1-13:3-5 

Thr multimission nirplonc concopt is cotlccivtld as bring a singlre uirplnncs dcsrg~l i b t t r ~  

only minor chnngcs us rrlquirrd Ly thr diflilrc,nl mission rolr*s, Exctll~t :'or L I I V  \'I 1 J )  
airplanc, Ihc  sarnr wing, f'light ctocqlr, propulsion, and control systrm will bca ustid I'oit all 
tllr~ models. 

As u r r su l t  ol' continuing dusig11 and analysis,  tkc wcighls tirld t h r i ~ s t s  usrad f'lr t J 1 ( 1  

multimission uil*l~iunc*s arc s l ig l~ l ly  dil'f(!rc.nl f'rom Ihc poi11t rlt~signs. For cxumplc., thc  
point drsign ASW c-1281 n i r~ l l anc  hns a mission GW or37 750 lb: t h r  niullirnissrc~n AS\V 
(-133-1, l ias a missian GLV ol' 38 390 1b. T h r  m a x i m u n ~  cmrrgrnr:, thrqust fbs thca 
two-engine airplane, is 25 3(10 lb;  t11n1 is, nftor an  engine F ~ i l u r c  with onrl L , n g i n ~  
rlriving lh rpc  h n s ,  For thcl V013, tllc emcrgenry t h r u ~ t  is 39 -100 Ib nftrlr an  r n g i n v  out  
with two rngincs driving tlircc fans. 

A s u m m a r y  of l h ~  i'ivc multimission a i r p l t r n ~ s  is pl.r~sranicd t o  show thct t~vcrul l  
capability of t h i ~  s y s t ~ m .  A more dctailtad description of the ASM' vrrslon is  prrascntrd In 
scction 3.3 and  roprescnts the  en t i re  family. 

A compa~ i son  or tlic uirplatlus in  the tlil'fci'cnt r o l ~ s  is shown in table 5. 

Fan D;arrleter - 62 in. 

No. of unqlnos 

Body: Volume, f t 3 

Densrty, Ib/f c 3 

( Missior~ T.O. weight 

p- 

1Wlg Area =-  3 7 0 f? 

1041-133.1 1011.133-2 1041-'33-3 1041-133-4 1041-133-5 - - 
ASW SU R V VQ D S A SAR 

2 2 3 2 2 

1674 1947 1937 1674 1674 

Sea luvcl 00" F clay. 



'1'11(~ i111i l i ly j)(mrIhi'111 t 1 1 t a  sl~[~i~ii'i(*(l t l ~ i : . ~ ~ i o l ~  ~'I ' ( I I I I  it ~ ( ~ ~ ' l i ~ i l l  L;ik<~<~f'l'  ti ~ I ] I ~ ) I ' I ~ ~ I ~ ' I I ~ * ( I  I).Y ill1 
f h r  f i t * ~ ~ * i l [ ' t  c*xr'cbpt lh(b ASW which Iias ;rn Y. \Y (11'  [).H!1. In till)l(* l; tl1(1 wtaig11 t I'uI. tIi(1 l'ivrl 
vil~~nions is sumrnutqiai~tl. 'I'llv cknlpty wtaight c+ost ol' usi tlg a singl(' wing! i t t s r l t l  t i t i t l  I'usaliig(b 
rilusiax ( I i ( 3  survri l lunct~ uirj~luntl  Lo brromcm tilth most c:ritic.tll 1'13on1 un L ~ I I I I ~ ~ ~ I ~ I I L ~ ~  w(big111 
st i t~dl)[) tnt :  i t  is still \ v i l l ~ i t i  Ltw ; ~ v u i l a l ) l ~ ~  t l ~ ~ ~ t s i ,  

4.3 ASW AIRPLANE TIESIGN, MOIII$L 104 1-133- I 

Cotif~cli~r dt1r111 
-- - 

M1r51or i  

Or~u~attri i]  wt~lrlht, 11) 
PdyI (~~i t l ,  I t )  
FutbI, it1 

Ml\slori qrtlv, wv~qht, I t )  

C 

Erntvrlrncy I d n r l ~ ~ i q  wvtql~t ,  It, 
Erntvgo~ic:y thrust, I t ,  

The ASW a i r l ~ l a n ~  h a s  thrcc lhtis nncl tivo cnglncs: two fiuis nrcb iiir lil't r r u ~ s t *  and  onrt 
fan is for lift only. An isomrlric of i h l s  l~ns i c  lwu-cangin' arrilngclnicwl th shown in 
f'igurc 2. L1::zcli clnginr. drivr1s ihrrrugh an ovclrl+um~ing r.lutr.11 inlo t h r  lift c.i*uisib gc~arb[lx 
This gearbox contains u r cduc l~on  gcnr t h a l  reduce,.; rng inc  rpru t o  f i ~ n  rpm I 1 I 500 rpm 
to 3 500 rpml and  n r ight  :~nglc  hevcl stlt t hn l  r!istributrs powtar to fh(>  rr~rnbinclr g(l;t~* 

box otl T-box. I n t r~ i*c t i n~ i r~c t i~~g  slial't spciltl is { V I I I ; ~ ~  to rbngini1 speed. A t  thib '1'-brlx. Ilrnvor 
i:; d is t r ibutrd a s  rrc1uirt.d lo thiz rront kin wliril(~ a bcvcl spt r r d u c w  fhr. spibcd back t o  
l;in rpm. A clutcll adjucent to 111~' 'l'-I)ox drsconnccls thcr L'rclnt fan [luring ronvrntional 
Ili~1.ht. Airplnnc arccssory ptrwrr is tillcihn from th r  rcar  ol* the T-box. 

Thrus t  v i ~ l o t .  c t ~ n t n ~ l  during VlSTOL o11eratlr111 is achicvcd by rr)tuting t hc  1112 r t - ~ 1 s t ~  
i'nn nncc l l t?~ .  The thrus t  vr~clor a n ~ l ( ~  of tho nose ran is f'rxr~rl 15" fbrward of' vcll.lical 
IA 75i1i; ~ t s  magniludr  is <ontrc111[1d with filn p11~11. During VjSTOL trunsilions, nn thib 
lift /cruisr~ vixctor i s  rolatcd and  ith momcilt ;irnl nbot~t  t h i ~  c.g. changcs, t h i b  nose fan 
lh rus t  is cliangc~d to billuncc tllc* sysl[bm. 

Throca l a rg r  brncfits 1t.d to stal(action o f  t h ru s t  vc~ctr~ring by naoeIIc roliltion. In ntldition 
to minimizing t he  number of' g i m - b o x ~ s  and  ppnni t t ing  a n  serodyl~umical ly clcaan 
cngi~ltliwing integration. rotatiitg t h~ nncr*llcs providcs about  15'; marc vt*rliral Ihrusl 
a t  tllr l ih /c ru isc  fan than would olhc*rwisc bc possiblc with t hc  same cngincs. 

- 
133 1 

ASW 

73 5fl0 
2 870 
12 070' 
38 300 
24 500 
25 300 
---. 

Use of o ther  propulsive a r rangements  was considcrcd but t hc  prrf'ormancr advnnlagrl of 
t;hc selected arrangc~nent overrides o ther  considerations. A comparison of a rotat ing 
naccllc and  thrust;-deflecting ricizzle is shown in  figure 14 ,  

-- - - - 
133 5 

- 

CSAR 

21 GOO 
81 0 

8 370 
30 780 
22 GOO 
26 300 

"--- 

- - . - 

133 4 

S A 

'L'(1 280 
7 540 
7 090 

- - - - - 
133 3 

v 0b- 

24 4~10 
5 Ofl0 

13 080 
47 620 
30 440 
39 400 

---- 

133 2 

SURV ----- 
23 970 

0 
9 390 

31 350 

1 
33 JGO 

21 280 24 970 
25 300 75 300 

- 



Cruise 

Hover 

Ttit eng nil 

r'tlative horsepower 1 .OO 
Nozzle 0.98 
Relative thrust 0.98 

Rclatrvt? horsepower 1.00 
Nozzle 0.98 
Relative thrust 098  

'No fan supercharging 

Tilt nozzle 

n 

F~gurta 14. -Propuls~or 1 Arr~r~qtv~~trr  at.< for Tf 7nat Vt?cti~rirr!g 



'I111t~ rottltinl: n i~c (~ l l r  I I U S  thr tmgincb ~ ) l ; i ~ , ~ * t l  I~thlli~ltl tilth 1;1t1. '1'11(1 c-11ginc is s ~ ~ l r r ~ ~ ~ c . l ~ a ~ ~ g ~ l t l  
by ilir* l i~ t l ,  anrl u s inglr  gcln19t)ox ( '~I\tlc~i~t:i  t llo c~ngincl i ~ r l t l  ti111 i~nt l  ~)~*trvidt*s t11th outl)iit lor 
tlir in l (~r ro~~t ic -c l  syst(*nl. I'or ..;iuglr-c*l~gi~lv o ~ ~ c ~ r a t i o n .  Lhtl liln ~r rc~ssurc~  r a t i r~  trl' l.I:l 
s u p c ~ ~ . c h n ~ . ~ r s  Ltlri clnginc Ibr ilbrlut 10';  11io1+1~ Irr)wcar. Whcln botll r*ngint*s nrc* c~l)c~r:rting. 
Ihr  uugn~i~rlttrtion ct1trst1cl 1)y S L I I I O I T ~ ~ I ~ ~ ~ I I ~  is its nluvl~ a s  20'; . 'fllcl nozxltl cnl'I'irric~nc*y is 
about !IS'; of' t l lcb itiiwl. 

Ii'or t h ~  l i l t  noxxlt~ t l i r t~s t  tl[ll'l(~tir)n systrnl,  tlrt* cbngint' is srparlutt* I ' r r~n~ Lhc~ l i ~ n .  'l'l~i..; is 
ntxct!ssory Lo Itclcll~ tIi(* j,c)~n! of' action ol' t i l t -  v c ~ t  it+i11 Lhr~tsl vt~cllo~n Ilczar 1 1 1 c a  wing t r a i l ~ n g  
cdgc witllout causing u 11 Ihvtrl~ablt~ inl(~l*ii~rcbnrc~. 'I'his sclparat ion rcrj~:i reds t l l r 1  atltl[lrl 
wcigllt ant1 ctrm~)lrxily of' Iwo clxlr;~ grarbc~xrs. Thr* ,.;upc*lichrrrging action 01' lhtl l 't~n IS 
lrrst, r t -sul l ing in nbout 1 U ' i  Irns p o w t * ~ ~  t l~i l t l  ~ o u l c l  I I ~ L V L L  hrbrn avai lnblo u i th  
suprrcharging. In addition, a noxzlt* c~l'fic~icncy, inc!ludi ng duc.1 btwd lassos, i~plrroncl~ i tlg 
05'.i muy bc ~)ossibl(~. 'L'llus. thrx th10ust: u\~ail;ilrlt~ is HZ'; trf th(. irlr~al \villi s r l l ~ t * t . c l ~ u ~ ~ g i ~ ~ g .  

h'igur+c 15 s11ow.s lily grbncral al'rilngornrnf 01' L3ocblng Mod01 10.1 1-1  33-1. ~nult imission 
V STOL airptilnc in its ASW rol (~ .  It llus n low wing. T-toil and ianglnr  pods mountpd on 
the al't body i n  an  i l~~angcarncnt  si~nililr' to L 1 1 c b  ttl:~jotLily r ~ f '  Loduy's sr~lal l  , j i b 1  tr;lnspcrl-1s. 

'Phi. tlrsign incorpo~,utrs a n u n ~ l ~ t ~ r  of' sl)(lc.ial fi)afurc~s 11) sui t  11s 1*r)1(* an a ship-btlscd 
V/STOL uircrnft,  Thr most important  unirlui~ liaaturr is 111~ pro])ulsion syslpm. ' L v o  
A l l i s o ~ ~  ..dvonctld T701 turbc~shilll  cngincs clrivcl throil I Iamil ton-Standil~d variahlo pltrh 
Ihns by means of n merlia~licul dr ivr~ system. 

The wings Sold j r ~ s t  outhoard of tlitt rnglntJ pods. T h r ~  p lnnl i~nn US 1111~ a i r l ~ l a n r  iv~tl l  
wings fbldcd is slightly smaller than  thnt 01' thi* A-7. I t  1s tlicl*~tforr assumtnd ~ h n t  tI1(1 

spotting factor ~ - e l n t i ~ c  to the  A-7 i h  1.0 or  slightly ltzss. 1Jigu1-c 16 sllows thc ~ ) l a n f i ~ r m s  
of the  two airplanes supc r impos~d .  

'The landing gcar is a convrntional tricycle urrungemcant. Thca main gc?ar al laches 10 t l i r ~  
wing fhld rib nnd rclracts outbon~qd. Thc noscl grlar I-r~tracts al't undcr  thc  ctlckl~it floor. 

4.3.2 INTERNAL ARRANGEMENT 

TIlc inlrr ior  al.rangcnlcn1 of the airplancx is shown in figurt! 17 

A Ibur-man crew cub is pr t~vidrd .  Karh rl-ca\v sttition 1s cqui l~prd  with a zcro-zero cjrctlon 
scat .  A high visibility, full bubblil canolry is providcd for the  p ~ l o t  and copilot with 
ncarly s t ra ight  down v i s ib i l~ ly  ovr r  tfic sid.3. L L I ~ ~ C  transpartSnt arms in thc  hatclics Ii)r 
the two a f t  stations prnvidc nlrzximuin uho of visual obst~l.vution. 

Avionics is  locatrd in f h c  nozc fi~rwnrtl 01' thp  nosr fun. Access is  from t11rz boltom 
t t~ rough  a large hatch. The volumc ol' this compurtmcnt not rncluding the  radomp is  
4H ft:'. ' wl is lorated in  thv wing ~nhoarrl of' the  fold und in Sour body tanks. Thc  muin 
body t a n k  is 1ocnti.d above thr* wing box and  ocrupirs the ent ire  bay betwcen t 1 1 ~  front 
and r r a r  spar  bulkheads. A f'c~rwnrd bocly t a n k  is IocatcvI just fbrward of' thc  fronl spas 
and below Ihr  af't crew stat ions.  Two a l l  hody tanks a r c  1oratr.d a f t  of' the  w a r  s p a r  on 
cxithcr sidrl of'thc. sontrbuoy buy. The Lola1 intrrn:il f i~vl  capacity is 11 ,100 Ib. 



O' h~gh speed 

Nacelie pivot dnti co~vl details 

Wing area = 310 f t2  
Aspect ratio = 5.5 
Taper ratlo = 0.5 
Th~ckriess ratlo root - 0.15 

0.10 + 
3 .  
-2 = 
5 L: - C 

u? > 

b: -1, 

1 i .S  i: 
15 

_ A _  
- ___J 

A ,e. . - 
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20.4 f I - -12~6 ft - EGL 
35.1 f l  





Sonubuoy launcti tukli: 
Aft h ~ d y  fuel tank , Fan rir~,.t: shaft 

Disconnect ~ I u t c h  
P.ldin fan drive g;.iar box 

Rzdar antenna 

Plan View 

Center i~o r iy  fuel  tarik 

Arfusr~ced T-701 all s r m  e n g i r ; ~  

'-Fm dr tuv shdf t 
L ~ f r  crur;t> far? 

A f t  t~urfy fuel  ta lk  
Centt?r body fuel tank -- 

Lrfr far~  r i r ~ v e  ~ h d f t - - - , ,  

Profile View 
A~isd:l[:t,d T 70: , i ! ! h , > r ~  oYiq  

,, , r r  . ++ >I:(, ~ 3 r i : l ( ~ ~ i ( i f > [ j  (50 rl! , j !:v' ,  I 
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Section 85 

Avionics 

L ~ i t  fan drive 

2 Avlon~cs 

Section 1 B4 

drive sh -'t 
shaft 

Fv:ri ilody 
ftid tdnk i 

Section 2B4 

M a ~ n  fan d r w  gear box 

\Fr.d fw clrtvc shaf! 

L.ft  fa? dr .1~.  + ~ f :  
,, -- . . I .~III  i i i r>[ :~nl~ q e d :  ITLI::.L,;: 

'-D~sconnect cttltch 
L-- Bear  rig \, 

r 
~- r -. ' - - C ~ U ~ I I I ~ ~  

I 
i I _. - 1.L. _ -- b -2 .. .. 

i 

Profile-fwd Fan Drive System Section 334 



4.3.3 STRUCTURAL CRI'I'ERIA AND IIISS1I;N 

Thr flight: s ~ o r r l  alti tutl[~ t~nvc~ lo l . )~  is shown i l l  f'igurt* I!). '1'11~ Ir~\.t~l f l ~ ~ i i t  111iIxjnitlni 
sprcd i V t l )  i s  sr!lt?ctrd to rni~cll thrl ~ ~ ~ c a ~ u t i o n a l  rc~cluirc*rnt~r~ts 1'111 tilth AS\!'. 5ur\r~1l lunc~i~.  
i ~ n d  surfilccz tltlnck missions. It is I)c~lou. 111(1 nlilximllni sl~cn~~tl i~ttninillrlv 111 Irsvc~l Illglit. 
Al,l)rol~rialcl rcvtrictions 10 tl~tb niarrlnlum usal)lt* ~ ) o ~ t . i ~ l +  i n  rrrnvcLlifir]ni~l flight \rill \ I ( .  

impostd. At n f'light drsign wt~ighl  1rl':I:l 160 111. a lirrlit-~~c~sitivc* r n i ~ ~ ~ c ~ u v t ~ t ~ l ~ ~ t :  I ~ ~ a r l  f';icttrl. 
of':3 6' is rcarluirt~d. V-n diugrams f'tlr scia i ( a \ . ( * I  a n d  20 OOO f't iirtb stlotvri ~n f i ~ u 1 . 1 ~  20. 

Ttlc loi~d strolcc rc~cluircmt~nts f'or t l ic* rn:~in Innding gr1ar. 10  ; 3 0 O  111 ;ind 20 i n . .  arc1 Iri~>r,d 
on n sink ratr oL' 15 lj)s :it the* dcsign luntlinl: lvc1ight 111' 32  700 I t ) ,  l ' 1 1 t -  rllilXlrnllttl dc+ig11 
ivc~ight i s  t he  fl0 gross weight ol' :W 3!10 11). 

Ad\,unccd s t rur turu l  milterials \vtq.rt sc~lt~c.tr!tl basr~d or1 thrb i'c~sults r ~ f '  tilt. Advanc:t.cl 
Trilnsport Tr~chnology S tudy ,  NASA Iitrport ('I<- 1 l20lI2. I'ull d rq~th  gsapliittl tbprrxy 
1111nc:vc:omb was st4rcti>d lirr thc  cAnipt+nnagr* surfilctrl; and tbnglntL f;ln ct)\vl5. Strf'f'r*ril.d 
gra[)hitcl epoxy and grapllitr~ t3poxy l~oncyuomb wcrrJ seltlctcd f'or t h t ~  \ving sur!'nr.c+ and  
body shtlIl, rcspr~rtively . 'I'htb all-fly ing st ubilizrhr a t t a chmr~r~ I  tr) ~111. f'in irtltl t h i ~  \s ing 
hinkc arc of m t ~ t a l  construct ion.  ('trmparcrl t o  t~onvr~nt ic~nai  metal  structure*, ttli..; 

s t ructural  ct~nciapt is ct~nsr*rvat ivc>l  i~s t~rna t r~d  to rc.:;ult in  a \~~r~l f i I i t  rt~drictioil (I!' l(r ' c  

A n  important  s t ructural  clrsign dtatail f'or th is  ailqplanc is tht* n i ~ ~ t * l i t ~  pi\'ot s ~ ~ p p o r t .  
St.vtarol conc~lpth havt. brcn  considr~scd. I'hc ~ a l r c t r ~ t l  oiic is .+flrl\r.n in f'igurr> 21. 

Iily -by-wirr lbn pitch and throttlt. controls and fiicl supply are ~ n t r ~ ~ d u c t a d  trl t htl pi\ ot 

strtlcturrl as s h o ~ + ~ ~  scht~mnticnlly in figurc 22. It IS of interc-;.;t that  trnrck at1:icllmt~nt 15 



Figure 18. -Area Distrihutiort, Model 704 1 - 733- 1 



Spr*tvl. KEAS 





Figure 2 1.- General Stri~ctural Arrangenlen?, Engine Support and Rotation b.fer!;dr;:,'r?~ 



Interconnect 

Continuous Pivat , 

support heam - -- 

f l t ! x  hir fuel rlfle Or 

%haft - - 
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Figure 22. -Schematic of Sen~ict~s t F ~ j d ,  Electric, BleerlS To Pi ta t  Bci j r~~ 



r 1 lhrl 1 l l11r l l~~  prl\Vtll' S O I I ~ [ ' ( ~  [ill' t111> 2~1l ' j I~ i111i*  i 1 t T t b ~ S l l l ' i ( * ~  ih  t l i ~ ~  i l C L ' l ' % S I I l i ~  (II'I\.I* g[lil!'l)~b~ 
l[>ci~t[acl aI't oI' ~111rl ( I r i v r*~~  I I ~  t l t r*  ~ ~ ~ i l l l ~ l ~ ~ ~ ~ ~ l O l l  r l ' - l ) ~ ) ~ .  ' l ' l ~ t a  ~ I L Y T ~ S S O I . ~  ( I I - ~ Y I *  [ : ( A ~ I ~ ~ I ~ I X  by111 

clrivr~ i w t ~  75 ~ I V A  intilg~.tltc*d rlrivi- gc*~~clri~tors.  I \ v ~ I  85 gl1111 Ilgrllsilulic I J ~ I I ~ I ) ~ .  I I I I ~ ~  ill I. 

ctllnpilcssr)t', onih tni!Iitrtnr~lcr, ntitl r t  lubr  ~ U I I I ] ) .  TS~~gint~,rtirplnnc~ ~~c*~.li~rn~;tnr.[b 1s l ~ a w r l  OII 

the lid lowing iSxlraction: 

I'r~tviqions includrtl t o  1.ccliicr t hc  t r~ t a l  ~ ) o ~ v c ~ s  r x t r a c t i r ~ t ~  during iclmcrgcaney ol)(~riltion 
inc.ludr thlr~tr ical  pr1wr1s rt*rluction 10 rlssibl~l~al 1)owtls t.12OO W lilr t~l t~rbtronics  tinri 
control I i ~ n d  disronnrc-t ill' Lhrl air coli1l)rcssur. 

Thv illrct.ricnl powrr supply consists oI' two 75 lcVA intc?gratrd drivp g e n ~ r a t o r s .  ' rhis 
provld[?s two scpnruto po\vcr systc~ms. A third backup power sys to i l~  is pmvidr~d thsougll 
tho 11s~ of' byc1raulic:r~lcctric powtlr convrrsion units.  A battery is installrcl to  grc~vidts 
cassontial power Ibr an cmprgclncy bus filr ground checkout a n d  ini t ia t ion oI'r1ngini~ s ta r t .  

14ydraulic power is providcd by two 4000 psi hydraul ic  pumps c~f approximntcly 211 to 
25 g,rpIn c':ich supplying an i n d r ~ p ~ n d e n t  circuit  for opcr,ation of tllc flight ctlntrol and  
nirl~lanr.  ulil i ty systclns. All fan bladr  nnglcs and the cxhaust  drfltlcliot~ vanrsh or  thc  
C L ' I I ~ ~ O  list lhns a r r  powiarrd hy thp airplane hydraul ic  sys t rm.  





Aircrnf't ~)rtassurizutitrn will bo provitlod hy an air  r.ornl)rcbssor drtvtln I)g tlica ; i ~ r r ~ s s o l ~ y  
dr+ivu, ('ooling is provitli>rl 1)y n c.onvt*llliotlal a i r  t ~ i ~ * l ) i n c ~  uni t .  Ad,~cl~~titt '  ilisi'loiv will 1)i. 
~)rovid(*d tr) tnuixt cabin and  c!lclctronic c~o~itli  t irlnin!; rcyti ictanic~nlh nntl i ~ltl?;llit*l~l 
rlt~fi)g,rging. I'rovisions a iv  inc~ludctl to  USC. ritrn air vt1nlilatir1u. 

T l ~ r  dclui1c.d rc~iluil.rmrnts Tor protthi8t~\r* s y s t t ~ n ~ h  t i ~ v i t  11ot l)t*(bn c~s tn l ) l~a l~c~t l ,  ~ I U I  

allownnct~s arc1 carrird in t,Ilra ~vi l ight  stiit[hmcbnts. 'I'iiilsta ~nclu(lih typically c)xygiXl~, t*tlln 
lbrmoval, anti-icing, srnokrq cleararicp, ant1 cscnpcl nyhtt3tlis. 

Mission System Provisions 

Thc mission oquipmrnt provisions urc as li)llows: Av ~ o n l c ~ s  u r r  Ir~rrrtotl I r i  t l ~ r*  nohch 
Sorwnrd of' thcl ntlsil Fin and  bclow t 1 1 ~  pilot's florrr ali of' tI1(3 nc~sc~ fiin t r l l  (31Ihc*1' sidv of' 
t h r  nosin whuc.1 wrall; Illr rctractablrb MA11 hoom is Iociltr~d u f t  of' thca s o n o b ~ ~ ~ l v  
compartment, a 5O-sr)nobc1uy cnpncily bay is I t rc~ t r~ t l  t~l'l or thc' iv~nj i  carry-thl-ough 1)ox; 
thcl bay i s  t i l lcd to case loading and providr sl)acc l i ~ r  tlic f1;1p dr~vtb; rsxtt*t*lial body 
mounts include provisions for two MI<-.Hi torprdos llusll nlr~trnlvd jusl  fi~rwal-d ol' tho  
wing box on t h r  Iowcr body should(~ss;  and two wing n t t a~p l~mrn t  polnts nl-c inclurlt~cl lirr. 
cstcrnal  fuel tanks. 

Fucl System 

151~1 is 111cati~d in lhu wing box inboard of' t he  iijld and  in Four body tanks .  T h c  main 
body tanlr is located abovra l h t ~  wing box ancl orcufiics the  pntil.cn bay brtwrr*n 111(> f'ront 
and rear spar bulkheads. A forward hody tank  i h  lociltrld just forward or tlic f'ront hpar 
and bclow t h e  aft crew stat ions.  Two body tanks arch locatcd aft  of' thr. rtaar s p ~ i r  on 
ilitlier sidr of lhi. sonobuoy bay, TIIP \vclighl includr-s allnivanct~ for inllight rcd'utbli ng.  

Engine Bleed Air 

Enginc blt*etl l i r  is no1 u,s.tltl (In th i s  nirplanc. 

4,3.5 PROPULSION 

Thr c.ngint. operational ~ .cqui rcmcnts  urra di4'incld by l h ~  alrplan~h opcrationni models. 
The critical rnginc-sizing condition is t h a t  vtlrtical th rus t  c i ~ u n l s  Ihe wcight dur ing  
hover tvith one engine inoprrable, The  t?mcrgcncy weight has bctln dvfincld u s  operat ing 
ut.ight plus  I000  Ih fuel. 



a 'I'h(1 I;irl drasign wns to h u v ~  H 1'11'111 t (*cI~nol (~gy  I~nsc* ~ ' ~ n s i s t ( ~ ~ \ i  W I ~ I !  1r11t1;11 
Ol~c*rnting I'nl~ulrilily I lO('r 1985. 

I lur ing in i t i i~ l  ~ ~ r o l ~ u l s i o n  systranl stuclirs. ;i t-cwitw ol' uv:iilublc uundidatra turt~c~sl~iit ' t  
cw~itlrls w:is ~ o n r i u c ~ t ~ d .  Ini t ia l  rwgincl sibltlctirin strrdit~s und ail.])ltinr* 1)1.1~ltrni11~11.y (I[YIEII  
s tur l i r*~ involvml s t~vr*r i~ l  i t c ru t i~rns  111 ~n;ttr~lii lrg cngincl IrowrAr clull~ut wil11 tllr~r.+t 
s i ~ c ~ u ~ ~ ~ c ~ r l  to  arliicbvc1 t . 1 1 ~  \'.STOI, mis,slnn r r i ~ ~ ~ i s i ~ m e ~ ~ t s .  

Of' t l l r b  csrlj:lllrJs hludtt~tl, u growtll vr1rh1crn 01' tltcb Alliscr~l 'lq7(11 and n tui*br~sl~;llt  rsrlglnc. 
t)nstld 1111 I h t h  (:l<li 101 corr  n'rxrtl cr~nsirlrrt~d. 

'i'l1~1 All ison 'S701 was dc~vrllc~l~r~d in tho hr~avy llft I~r l i ro~) t t* r  t lI1,l l 1 ] ~ r t ~ g ~ * a n l .  'l'l~cb ' [ " i r l  l 
Ilah hur~c~ssru l ly  cornplrlrrl a 1)I'YK'I' program and will hi1 zlvarl:rblc f'or u * t b  ] l a  t l r c *  
t t ~c t~no l r~gy  ~ l ~ ~ i n o n s t s a t o r .  'I'ht. (;]SF101 r f ~ r c ~  with modifirriliorl tcl t h r ~  1o\v .spitol ant1 
iul*binca of'fi~s an t~ lhc~ r  soul.ces rol+ ~ I I C  1IlX5 cll~t~rationul n i r l~ l an r .  T h r  current  t i!l l~lir;l t~c~l~s 
01' thtl Fllll cullc urc Tor t h c  13-1 bombt~r and  with tlli* ('FM50 ct~mnivrrinl turbol'tln 
cnginrt. 1<1thcr ol' I l~c sc  r~t~ginths in oonjunct i r~t~ u i t h  a val.iublo piicll fhn hnf~hf'~i'h ~ I I I *  
opc~rat ic~nal  n~i*pl:lnsl ri~quit.rmr~r.rts. 

T h c  ~ i r u l i u l s i o t ~  s y s t ~ r l l  us(>d ~ O I I S L S ( S  01' L\vo Al l i son  r n g i n t ~ s  ancl tllrt*rl 
Elamilton-Standart1 [;2-in,-diu variable pitch I'ans, with t h r  ussociatrvl gotlring, shai ' l ing, 
and clutchc~s. 

Scfiemat ically, t h r  propulsion systcm is sllown in I'igurtl 2 with tliib major u r ~ n ~ l ~ c ~ l i r ~ n l s  
idcntif'ied. 'I'hc- two  cmginras ru 'rs  n ~ t ~ u n t r ~ d  bchintl t h t ~  t.wo lil'l!cruisc I'ans. A st;rtn grlur 
train ~*cdurcw the 'ngint' S ~ J L ~ C ~ ~  tu thr l'an sptrcd. and n tlevcl stat connects I h c  ~ n g i t i t ~  lhn 
to a cross  shal l  thnt r n t c r s  tlic combinc~-  grlar box. An ovt*rrunning clutcll \ r t i ! l  

auton~at ici i l ly  disconnrct the. pnginc I'1.orn t h r  sys t rm i f '  it: hi Is, nnd this rtvniiini~r : 
pnginix c a n  sun all t h r ~ b t ~  Ihns. 'I'll~ ailplant. accr!ssoriils nrrx gc l a r~d  intu tha l o l . i v ; i t ~ !  

o u t p u t  shnf l  I'rt~m thP cornbinol. goarhox. A disct~nncctcd clutch nheod of this accc~ssoric*,.; 
on tlic? Ibrward shaft tlllows thc nost, 1h11 ~vl t l l  i t s  L)(~vel r c l d ~ ~ c l i ~ n  gcaar to be disronntlr.tt*d 
during tlw canvcntional flight conditirlns. Irilt!t  doors optw dur ing  al~cri l t ion of' t lw nost' 
fun and cIosa during collventional Ilight. Tht. undersurf'acc c.loors of thcl nosr f'an b)racomrl 
yaw cont r t~ l  vanus (luring takclot'f'nnd landing. 

A slrchtch of the ti l t ing lif'ticruista propulsion pod is shown In figure 34. T h c ~  englnt3 
receives airflow from t he  fun, and the fan and engine pxhaust from sclparate nt~zzlrhs. 
The fan nozzlt~ arcrt varics  from wide open in vertical flight to  about  705 of Ihis  urt3a in 
cruise and loiter. The high prrformancc inlet is contourtld to have2 low cruisr  drug \vllh 
blow-in doot-s to uclliovc good 111w-spred pcrlbrmance and acceptable d i s t o r t~ons  at 
incidence angles up to 115". Fins at thc fun ex i t  provide yawing murnrmts for lhca 
nlrplanrt control sy s t en~ .  Airplanr.  rolling moments  and  pitching moments arrb prov~dcd  
by varying the thrust  of thr variable pitch fans  with redundant  bladr pi t rh control 
systems. 





'I'ip di:~zncbt i*i9 (;2 111. 

Ilclsign tip S ~ U V ~ [ I  95.5 111s 

Nominal prrssurc ralicr 1,2 

'rlltt cl.oss sclction VIP\ \  ~ r f '  t l l c l  iidi.anr.c~i1 T701 l if't  cruise vnrlablr pitch tushof'iln cbngrric> ~h 

h11oib n in i'igurtl 25. 

A V,STOl,  nirpl:~nil with til l ing lil2-cruisc nactlllrs puts  thca ~ n l r t s  inlo vt3ry h i d l  
:1ngIt~-ol'-atti1t!l< condi tir~ns d i ~  ring transition, par i i c~~ lar ly  during thr landing mtlntsuvtAr. 
Tlica inlrt is r~cluircrl to operzltc at 311glc~s nihar 80" co~nl~inrd with specads up to  1011 krl. 





I '  Ihc  I H I N ~ ~ ~ S  lrnin, wllirlr IS sllown rsrtlt~mtiI~c.:illy it1 1'igul-c- 28,  conslsln (11 lllc~ ~ ~ L I ~ I ~ ~ ' L I ~ I I ~ I I I C :  

rlu tr11c.s tha t  allow ill1 int)prrnlivr carigrtirb to dnq)  of'l' thch II I ICJ ,  allElrlth .stirtVt r r~r1uc.t ! i j ~ i  

gc~uring. I'il11 bibvrll gcar  s r t s ,  cross sllnf'ts;. I~f'l  Ian dt-let* shalY, i~n t l  vll1tc.11, ~ - ~ I I I I ~ ) I I ~ I I I C :  

T-box nntl acccAssory tlrivc* t:lki2r~lf'. 

An ovi>rrrl nnlng clutch IS ~ n s t n l l ( ~ d  on ctiirll clngincb 1Jowt.r s11al t r r ~ ~ t l ~ u t  r l r ~ i  ' I ' ~ I ( .  
t(lr11ntllogy is sirnilns to t h a t  r u r ~ o n t l y  tlst~.I it ill1 tli*itroplt>r dnv[*h. 

r 1 l h ~  cross-slii~l'l btbvr*l gcwr silt is s i rndt l l (~ rlltrunttd l)t~t\vt~c~n t h ~  1 1 1 1  hl~;llt l tc~; i~-~ug>.  I t  
providvs tha gitilr ratio mutcli ~nctlt~irtd by t h t )  crohs sliaS1 and t l ) c l  inlt1;11 p o ~ i ~ c ~ r  t xc11tlt1j.p~ 
link bctwucln thc fans. 

The forward fan llpvpl gpuy drive inslullation is s imilar  to rh[. ~~~~ass-,.;hal't I)ilvc+l scat ilnd 
reduces t h c ~  rpm u t  l hc  frtrnt Sun, 

Th(1 l i l l c r ~ ~ l  shnSt dcsign bc~twc~cn t h r  ctnginv 111ount and  th(x rr~n~l) int i r  g~~ t l r l~ t rx  i s  
rclativcly short  and wpll supportrd. A 1'2-in.-din strv~l s h f i  is usrd to nlinlnliz,c> Ilo~r. 
inlcrfc~rcbnrr. T!icl lil't Tan drivia shafl r.onsisl,.; of' thrtlc rlcarnr~nts 01' s l~ i l i ' t ~ng  i v i t l l  firrrl. 

floxiblr~ connrctors. Thcl sh:lfts i\rtl similar  t c ~  thosi* usrd on 1111 Hochlng l~ i~ l ivo l ) l (~rs .  

Thr T-box providcs t h r  cllcnlcant thnt :ill[~ws 11oth lif'lfcl*ulht* liln c1nginc.s 11, t ~ x t . I ~ i i t ; ~ ~ ~  
powcr a n d  to providr pc~wc~r' l o  thi' forw;~rci l i l t  i'an. 

Thcx (-1~tcI1 is rnounit~d on tile I'sr~nt 01' t l ~ r h  T-hox. Tlich clng:ig~ng n ~ c c l ~ i l n ~ h n l  co~lh~?rt> I,! 
fi.ictic)n discs lo synchronixr~ s p t d  and  n ~ ~ r ~ s i t i v o  (~~~g:lgt'lll(~nf J i l \ V  c I ~ t t ' h ,  'rtW Irirtlc~rl 
clutch ul i l izes  carbon grdl)hitr* d1.s~ filctls d t j v ( ~ l o ~ ~ t ~ d  f ' r r~n~ t l l ~  II l l f l  rolot. hr:iki* 
trchnology. 

4.3.6 FLIGI-IT CONTROLS 

Thc flighl conlrols sys t rm consists of coilvent ionul a ~ r o d y n a ~ n i r  c t~n t r r~ l  ant1 rt>:~rLion 
control for V,STOL opcrntion. Thth reaction control is itchiev~ad by rnt~r1u:otion nnrl 
dcflcction of the th rus t  vrotors. T h r  blending of tllib two syhtcms is s t ralghtf i~r \vard wit11 
t hc  n c r o d y n a m i ~  sys tcm incrtaasing in au tho r i t y  wi th  inrrrsosiny: flight sl~c*tld. h 
fly-by-win. systcam with u d i g ~ t n l  flighl cc~ntrol compulrr  is usrad. 





Total dtstortion 

- P 
''rEdX Tlllln - 0.15 
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' I ' l l i b  V SpI'OI4 fliglit c(~ntr01 nyrrtrkm rh hantld on thv iiue oi' whnfi-dr.~vt~n ~nLibrronnr~r.t~~d 
\mu~*~ablc prtch I'unk T h e  l ' t l ~~e  o p ~ r n l ~ l  U L  tonutunt rr)tatiunal apr4ed. Vtll0tt~lronn In Ikn 
blndt. tlnglr {pilclir controln t hc  l l i r u ~ 1  und t h ~  dunlor~rl Tor angrno power by caurll l'un 
'I'11c.n~ ~ h r u e l  vu~~~a l ron l r  tllbil r l~ud  Ibr t r im nnd coulrnl, Control s a p a b ~ l ~ l v  firr nllrmtil urid 
cmc*rDgtatlcy o p r r a t ~ o n  rnt~vtn or cxcuadn the dilnign guidelines. Since ti wngllt rbngrnln t.un 
drrvtl all t l ~ r ~ ~  lbnn t h lgou~I i  tha trnnurn~wrstnn tiyslom, the  a~ rp l an i l  wrll Lotrrtitt~ a n  
cnglnin f'ailui.c~ w i th r~u t  u dcluy 111 i r t t ~ t u d ~  cont~*ol  power. ISnglnr~-c~ui c v ~ i l c a ~ m ~ c l ~ ~ c .  

o c ~ n d ~ l r ~ r n s  rrsul t  in u nuqliglblu t r im r l i nn~r . .  (:ontrol syslom rncchu~i rzu t~ot~  1s 11y b i  
wirrl \v1111 ctlntrol tiugitlt~ntulic~n cupubilrty, A d ~ g i l n l  c o ~ n p u t r . ~ ~  will rnunrigc tht* \ t l r ~ ~ ) ~ i h  
clrm~lntw trf thr~ Ilight vonlrol ~ y n l v m .  C:ornpulatii)ti sig:~al t r a n u m ~ ~ t , ~ r ~ n ,  ~ t tu i i t l r jn .  
hyclraulrc gowcr, and clccl~*icul powcar will hnva fail-ope~.alionnl cnlsubrl~ty t h n ~ u # I ~  
rnonilorcd i~c.clundnncy. 

A ~ r o d y n n m i c  contrc)l anci h*im in uc-c[rn~l~Iinllc*d by c o n v u ~ i ~ i [ ~ n u l  u~lilron. r~~clclrbr. 1.1ncl 
Iiorizontwl stnbilizet. suriacru. Stubilizc~. trill1 set t ing dutiing tl-ansi tion w ~ l l  L L ~  t l ~ I i ~ + d ~ I ~ ' i i  
a s  a f'~tncLiotl of flight condition tlncl uirplnnr  co~lfigurnlion to  ~liinimizv pitching 
nioInr?nt vnritrtinn, T h c  ncl'rldy nutnit  cotltrol nurfuuilti will opclbn te  i h r t ~ ~ ~ g h o u l  the! htr\'r.r 
n11d transition flight 111odc. 

I-lover uilcl low-speed c t ~ ~ ~ t ; r o l  ie nccompl i sh~d by modulalion ancl tlcf'lcrtinn elf' tI11! t111.ut;t. 
Pitch nnd roll conerol r.esullb: f'l-om d i n i ~ r c ~ ~ l t i t ~ l  thrust .  'l'lirt~ut mt~dulnt ion i s  t~chicvr*tl by 
valSying the  fa11 blade pitch angle, which givtln cxccllent dyntlmic rcspclnnc. Y t ~ w  c.c~ntl.ol 
is by t h rus t  dellnction nt Lhil r x i t  of' t l ~ r t  noticl ttnd lil't rrursc runs. Fun tllrlrst drll[~clic~tl  
and  diflil~*cntinl fan blade pilt l l  ct~mmtlnds will bib srhudulcd u s  a I'unrlion r l f '  n t ~ c t ~ I l [ ~  
incidence t;o decouplc. ~voll unci yaw control inpuls  fol* t i nc~ l l c  incidenc~ae I~~*twrr*n  zchrrr 
nnd 90° (fig. 291. Thc sysLem1s cnpnbility c x c e e d ~  al l  lhih rc~iluii*cn~cnts l~tit.c*d in thtn 
a ~ l ~ o n d i x .  

A tt*iplc.x digitnl prlrnnry sy&lcni 1s u ~ r d  on t 1 1 ~  tiirplnnr*. This  s y s t t w  1s cr~ns~dth~.r*cl 
representtilrvc ol' t hc  tccllnolugy 11ii1t will bra nvnilablc nnd would bc I-c~rluirccl f'or l h ~  
comp1t.x opcrntionul Ln.iks of a ]')ti5 o ~ ~ r u l r 0 1 1 ~ 1 1  airplnnr~.  11 off'r~rs t l ~ a  posslbrlity I'or thc  
most complete i n t cg ra t~on  ol' thr. guidnncc~ and  nuv iga t~c~n  L'unctions with the  1,t.llnut.y 
flight conLrol systcm. 

I *  lhc  control systcm f i~nc t ions  u r r  banrd on pilottd simulation ri*sults. 'rhr. n ~ c c l ~ t ~ n i z t ~ t  ion 
of lhcse liinclions i s  bnsr*d on YC1-14 nlld I-ILI-I devclopmi1nl. 

The inLerncLinn between tIlp Iliglit control nystcm R I I ~  t h e  p r o p ~ ~ l s i o n  S Y S ~ C ' I ~  IS flpl,nrcnt 
in t l ~ u  block dingl.ani, f ignrr  30. 'I'hc* bliwding of' ~ ~ r ~ - o d y n ~ ~ m i c  and r*cnct.ion conlrolu is 
nlsn i~~clicatecl, 

Control Systcm Pcrfol=munce 

Maneuve r  control was ~ v a l u u i u d  for boll1 norn~ml nncl pngine-c~ut  operation. 'rwo 
consllwinls dcl'ine t he  contrml capubility r)f i'le systcm. Onc is lhc  moximum single-fnn 
thrust ,  B structural  nncl aeroclynamic lirnlt, and t h e  otlicr is t11c maximum power tha t  
the cngincs can delivtz1-. 'l'hc rnn thrusl,  l imit is well oulsicle t he  normal demands for 
VTOL cclntrc~l bu t  can hi* reached n n  the l i t ' t , c ru i s~  f'nn by a s i n ~ ~ r l t n n e o u s  rnnsimuln rrrll 
and  pitch r-ommancl. Maximum engine powtar is a l i r n ~ l  that can be encountrl-ed under 



Trim 

Fkure 29. -Pircl? /Roll/Yaw Control 



Airframe 

Figure 30. - Fl&ht Control Sclle~natic 



I I ~ I - I I I ~ ~  opo~*aLionnl c i~~cul~ ls lnnros .  For e x u ~ i ~ p l c ,  t hc  cnginc power will incrcusP It] 
stitisry t he  constnnt S ~ P C C ~  I c~a t~ i ru  US tliv S Y S ~ C I ? ,  lf t l i ~  ~ O \ V C ~  i - ~ ~ l ~ i i ~ + r d  by t h ~  l h i ' ~ ~ s t  
tlistribution excecds pn\ver nvnilnblo, Ihu fa11 s,,cccl will bluccl ofr ~ i n t i l  t l l ~  ~ O I ~ I ~ L I C  

~*oq t~ i l~cd  rcnchcs brrlnticc with 1111. e~zgitie ~ ~ o w c ~ . .  Tho  speed of a l l  npo~.aling lhns is tlic 
snme; c o n s e q ~ ~ ~ ~ ~ l l y ,  111c rnn spac.d blaccl down will o fbc t  all  t111mee l'n116 s i ~ n i ~ l t s n c ~ o i ~ s l y .  
Ctt~ztrol systctn logic will pt*ovide tl signnl whon origirle powct- l imils  arc oncounlcrcd 1 0  
wash ou t  111~ blndc angle of'nll th ree  rnns un!il n torquc bnln~icc n l  essi~nt ial ly  ronutunl 
spcecl is nch ievocl. 'l'l~is design liln tt11.c nllocntcs gr'inrily lo attilutlu corn~na nd, 

~~~~~~c 31 shows llio system cnpnbility in tcrms c~f'lirl  oombincd with ~ 'ol l .  A commtrncl t r l '  
100% ol'dosign r?ull bns n 2 3  cff'ecl on lif2. ' rhc ligul-o nlso i1lust1-ales eng~t~ra-o~t t  rnnlrcrl 
cnptililily. Engine-ouL control is well abovc dcsigll g u i d e l i ~ ~ e  Ievt'ls. 'I'IIPPE i s  SOIZZC* ~ l f I ' ~ i 1 1  
on lift if conltiol cnmtnuuds arc s ~ ~ s t n i n e d  for pcriocls lhn t  nrib Ionyet. t h t ~ n  nol-mnlly 
lqoqui red for n ~ a n e ~ 1 ~ ~ c r i 1 l g .  

The titile response ol' t;I~o C O I I ~ I - 0 1  s y s t c n ~  is c:xccll~nt ancl exccccls t he  dcsigrl g~~icicilinrw, 

Tllr; responses l o  altittlclc ~ n c l  flightpal11 commands arc. shc~~vi l  in Tiguri~ 32. A ~ . r~ l l ing  
~ l l o~ i i en t  based on a thrust; change 01' 11130% has  CI t ime  conslant of  0.1 src .  'l'llis 1s near  
mnsirnuni conlrol, For s ~ n a l l o r  mometlts, the Limo const;anl is a s  low f ls  0.05 set. 

l~ l ig l l tpe t l '~  co~llrrol is escmplif'jed by a Ily-down commancl, The tllrust is ~.ecIut.rd 5';; 
with a t ime collstalll ol'0.15 sec, This includes t he  ~ -e s l~onsc  ol' Ihe cnginc to thc r e q ~ ~ i r ~ c l  
cliange in p o w c ~ ~  level, 

Gyrasccll~ic co~~p l i t i g  in 111e hovel' lnoclc occurs whcnovol* Chc nacelle incidrncc is vaticid 
or ~ v h e n  t he  airplanc pitch o r  roll attitridc is  varied. Figure 33 stiuws an evalualion or 
lhc  gyroscopic rolling moments producrjcl by pitaching nf' thc cngincs nnd f'ons. \Vllcn the 
c n t i r ~  nirplanc pitches, a l l  tlircc Sans cr~nlributu to the  gyt*oscc~pic crfect. If '  the l ifZ 
crrise naccllcs are ralalcd, a s  I'or transition, only two Ihns nre involvcd. Tlw runs alicl 
o n g ~ n e s  rotate  in  opposite directions, which r ~ d u c e s  Lhc lotal a n g t ~ l n r  momcntum. 

A gyroscopic momctlt less Lila11 70% of thc  nvailnblc control i s  considered acccl3tnble. 
Froin t hc  f'ig~tre, it is npparcnt  t h a t  t l v  airplnnr! can bc operated \viL11 a I I B C ~ I I C '  
incidence rn tc  of nbout 22 dcgtsec o r  a n  nl t~t l r t le  rate 01' 1 1  rlegisec a n d  require  o ~ i l y  10r/i 
of the roll  iontl.01 to c o ~ n l ~ c n s a t c  for the  inducct: roll moment. The r;vnluaCion was mncic 
Ihr a no111i11a1 hovering condilioll wilh thc  fntls and engines a t  mnximum angulola 
m o m e n t u m ,  'L'he I'an and  e n g i n e  po l a r  rnomcli ls  of i n e r t i a  are based  o n  
I-lamilton-Standard eslirnates Soor a 62-in. fan with borsic n l u n ~ i n u m  blades. The  rpm, 
the  polar moments  of ' inertia,  and the  angular  moments  are: 

Polar molnonl 
ut inertia 

rpln - 
Engine compressor +15 000 1.19 
Engine power turbine + I 1  800 0.81 
Fan' * - 3 500 14.3 
Airplane pitch attitude rate  
Nacelle t i l t  rate 

. -- - 
' P O S I ~ ~ V C  angular molnentum is clockwise when reviewed from rear. 

r d  Includes gear ~ransmission anrl interconnect sl~afts. 

Angular mo#ncntum4 



00" F son lovol 
c0115tnti t fan spoacl 

One-engine conlingoncy power 

- - - _  - - 
Emar (lcncy landing weight 

Lif t ,  Ib --- -- 
100% control engine-out l*~ 

Control demancl, 8, ~.ad/soc 2 

Figure 3 1.- Roll Cotitrol Powor Capnbility, Moclel 104 1- 733 
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Figun 32. - V/STOL Control Sysren? Response 
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Figure 33.-Hover Gyroscopic Mon~ents, ltloclol 7041-733 
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Figure 34. -Hover in a Cross wind (Light Gross Weigf? t )  



Tho fan u n g ~ ~ l a r  momanturn dominutas. 

Thu cnpnbility t;o l~avor in a crosswind is shown in figura 34. Tho guideline for n hover 
in u 26-lrn wind is niulchod by bc.nking tlio nirplano about 5 dog. 

The trnnsition to nnd li~om vortical ilight is controllad by thrust vactor managemonl;. 
The total airplnno thrust voctor angle is lixod. I ts  fan thrust angle is  76O from the 
I~ur i~ot l t~l l .  Tllis angh was cllosen so that a t  the lift-o1T angle-of-attack Tor STO, tlic nose 
fan thrust would hnvo a positiva component along tha ilightpath. Moment; balance is 
maintained by vnrying the Lllrust magnitude of thc noso fan. This is occomplishr.d by 
changing blnde l)itcIl, und power is transferred betwaan tho noso fan and the lift cruise 
fans. During takeoff, a constant powor sattinp can bo maintained and tho thrust  will 
grndunlly transfor to Ulc cruiso system. At the end oT transition, the nose fan is vcly 
lightly loaded, Becnuse most of the power is going to the cruise fans, the system is 
conveniently controlled Tor convt;rsion to conventionnl flight. 

Thc schodule of'nosc fan and IifWcruis~ fan thrust  for trim as a funchion of nncolIc angle 
is shown in figure 35. During hover, tho nncello t i l t  anglo is 97" and all throe fans aro 
equally loaded. At zero degrees tilt, nacellas horizontal, tlic nose fan is near zoro thrust 
and tho cruise fans are a t  high thrust. The resu1l;ant; thrust vector angle for t;he 
trimmed syst;ern as  n function ol' nacelle tilt; angle is shown in figure 36. Those 
schodules apply a t  all powor lcvcls. Thc power distribuLion Tor balance is a funcLion 
only of nncolle angle. 

The moment producing elemenbs of the V/STOL control system can undergo changes in 
function during t;rnnsition. For example, the roll control is achieved, with the nacelles 
vortical, by .modulating the thrust  of the lifL/cruise fans. With the nacelles horizontal, 
this same acLion produces a pure yuw moment. The control system mixes blnde pitch 
angle, vane deflection, and aerodyhamic control deflections as  a function 01' spaecl and 
nacelle anglo to reduce pure moments from the control input. 

The vertical tail was sized by a statistical relationship between forward ruseInge 
momenl of area and vertical fin moment oT area. Tho data basis is sllown in figure 37. 
The tail fin area is 63 ft2, and the volume coefl'icient is 0.08. 

The stabilizer was sized to meet: 

Static lorlgitudinal stability margin of 0.06 nt  the oft center of gravity 

a Flap pitching moment trim a t  maximum lift coefficient 

A center of gravity of travel of 20.05 E wing 

These condi t io~~s are met  by a tail volume coefficient of 0.54 and n nominal ccnber of 
gravity location a t  0,30 C (shown in fig. 38). The stabilizer panel size is 64 ft2. A 
stabilizer aspect ratio of 5.0 was chosen to schieve a favorable lail span to nacelle span 
tbr effectiveness a t  high airplane angle of attack. 



Fan gross thrust, % 

Nacelle tilt angle. deg 

Figure 35. -Thrust Vectoring Trim Sclwclule, Model 104 1- 133 



Hover 

Resultant thrust 
angle, detj 

Nacelle ttlt angle, d q  

Figure 36. - Thrust Vectoring Trim Sc/?etiuk. Mode! 704 7 - 133 



Vertical fin area. moment. 
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Figure 37.-Static Dtrec~hrw! Stabitit$. Cruise 
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Figure 38. -Horizontal Tail Size 



P 3 I l ~ c  \vc~igl~l nlul(-ttic~nt anrl climc~neir~n tlncl ~ t r u c t u r a l  clnttl tilt- thtl ASW ton l ' i~uru t ion  urtb 
~~r r son t r~c l  in tnblrq X. 'l'hc incliviclut~l slt.ucturul g ~ t ~ u p  i vwu igh t~  havc b r r n  clrtc~~minc~cl 
i'clr a C*LI i * t q i ~ ~ ~ 1  l(hrh ~ i i~ logy  L ~ I L I  1111 IIUIII tii 1-crt~f't. A I Off \vt!igl~l i I I I ~ ~ ~ O V ~ ~ I I I ~ ~ I I ~  I w n  b(vln 
i nclucI[*d tc l  tlrctrun t liir ndvt~rlr i~d tc~rl lntr lo~y i m ~ ~ r o v t ~ m c n l s  c ~ ) m m r ~ n s u r t ~ t r ~  wilh i 111 11 ti1 

~rl~rhl-t~lic~ns i 11 1 UX5.  

T;tble 8. ASW Weight 

Note: I 1  1 MAC L E  i s  a1 body slat~on 363 
(21 MAC tat~gth IS 04 In. 

Structure 
Propulsion 
F i x ~ r l  orlurpln~nt 
Wetgl~t empl y 

Nonsxpc+nc[able uselt~l loarl 
Opur ating weight 
Missio~~ wuiglit 

Thc operat ing weight c r ~ z l c r  of gravity ancl lcrcnlion n f  ASW cxpcrndnblc load pt+od~~tlt* 
Lhe unvelapc or mosl rorwtlrd and aft cihnlcl- of gravity or~d weight conditions shown in 
figure 39. 

'I'he list  of special fi.ntul.crs ~-ralalud to V/STOI, capnbili ty nrc listed in tablc 9. 

Werqhl, 
II, 

7 920 
7 480 
G 50fl 

21 000 
1 700 

23 GOO 
38 390 

Table 9. -.- Weigl~t It1cr.cl71et1ts for Special Feati~las 

C.G. I)atly st ail or^. 
~ n .  

408.1 
437.b 
31 8.2 
301.5 
350.7 
389.1 
388.7 

Lifticruiso engine pod rotation 
T- tail 
Transmission system 
Forwarcl Lift fan installation 
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@J Sonobuoys 
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LE MAC ax b o d y  scafmn 363 
Mac length = 94 in. 

Figure 39. -&tlter of Graviry Lmdir~g Diagranr. Mocl~l L CFA- 13.3- 1 IASWI 



4.3,H PI511PORMANCE, MODEL 104 1.199-I A S W  

TIIP ASW airpltiu[b miwtlir)n ~.otluircmc~nt ctrllec li)i. ti 4O[)*ft takvorl' rn ti  10-kn wind; c.l.uirir1 
150 nmi. then 4 Ill. tuitclr a t  10 000 ft tlilcl I * P ~ \ I Y ~ I  to btlni.. 

'I'lie ril~ortrhwl lulcc+t~lT i*un bc adiiovcd by t*otat.ing 111rb tinccllcs towurd v l ~ r ~ t c u l  ju*t rrt 
1111-om; howevr~*.  this t i i i 'p lnn~ cnn meel thr. ~*cquil.r>~l ~ I I M I H  ~ i t h o u t  I I W C ~ * I I ( *  rttltition. 
t l ~ t ~ s  p~*ovidin# ol~~nrtltitrilt~l ~ i t ~ ~ ~ ~ l i c i t y ,  '111~1 titne 11islr)ry 01' u Itll~('iiil' 111 wh11'11 t l ~ v  cbligincb 
tilt a i i g l ~ ~  is lirld fixed ut  A -; 50t' is slio\vn in figurr+ 40. During ~~ccvl t~r t r t ion ,  lh(8 Ion[. 
t'un is ~~tigtrg(hd, but it is set t ~ t  flnt 11ilch in orclclt- Lo #el  nieximurn t l ~ r r ~ s l  I'roi~l 1111. 

lif't cruini~ SUIIH. R t ~ ~ t ~ t i i ~ n  is inilintcd 5 . 5  see. al't~br brulri* islenu[* a t  u f i l ~ r b t ~ c l  of !I:! I'l~s, At 
7.75 nrbc t l ~ r  a i rp lnn~j  11ti.r rototr~d to u H" nncl Iif'L-oil' t,rcur.c ut  r.ln t~irq~l*c.cl oi' 115 i'p" 
'I'hu liSL-OK lift coefficient uf 1 .G u s ~ d  in  tllis t n l ~ u l a t i o ~ ~  is cr>ner!~=vntiv~a it1 ttltlt no r r i *d i t  
l ~ m s  bccn tnlrotz for incluccd n~.~.ndynnrnic clTfr.cls. Tllta tnkc~rlSf t w t ~  is 400 Ti unrl thc 
lungitudinul nccelel~ntiun a t  lifb-trfS is 0.108 g; th i s  exceeds thib rr*quirtwciit of {l.(ltiT, g 
T I ~ P  cnl>t~bility uf t t l~lking nn orncrgwcy velvlicnl Itillding with ot1rd ung~nrb oul tit 11 

masir~tutll  einlr spucd ol' 15 fps is nssumtld t r .  b p  mct  i f  the t l~ r~ r t j t  U I I ~  \vrligIit  HI-^^ L J ~ ~ I I W ' .  

'1Yliu requirement  is cxccorled by L11e Model 104 1 - 1  33 w l ~ i c l ~  ha s  on c!nicr*gilnry luncling 
weight of' 2.1 800 Ib end  engino-out- contingrbricy t1it'ii~t. r)f'25 301) Ib. 

l'hc ASW ~nrssion rattuirurnent ctrlls for M 150-11illa radius \wth 4 111. IS loitr~r on simlton 
~t 10 000 i t .  Figure 4 1  prcscnts tlie brenkdown of t he  cnlculatron of this  lnlssllrrl in 
terms of spccd, time, d~wtancch, niid Tire1 burnccl fbtq ear11 rnrssltrn segment .  'l*hc* t i~rl~lcini*. 
sizcd to n ~ c e t  t l~ iv  mission, has a tnkculT wetghl of' 3H 3fl4 lb. Inlltrrl cl'ulstl ultlttidc ih 
33 000 fi E I ~  M -- 0.75. T h e  4-hiq loitel. a t  10 000 ft is porronnccl n t  M - 0.42. 'l'hr* total 
Sue1 rccluired fi~t' thr! iiiission ia 1 1  B t 4  Ib including landing tlllo\vancil, rr?srt*vran, tlnd tt 

5'1 scrvice tolcrnncc LIII SFC t l l ~ + r ~ u g l ~ o u t  t l ~ c  niissiun. 

't'he aclclitiot~ or alcc~hol~\vatar  iiyechon can subs tu i~ t lu l ly  incrc.ns~* the vibrt~cal takcol'l' 
cnpnhility of' t he  nirplanc. Thc potential Illat wl1l result  f'l+nm develop111g such u system 
cnn bc sccn by usnmining the  VTO rnlsslon. Vigu~+c  -12 presctlts u brcakduwu T c ~ r  thih 
ni~ssion.  As rndicatcd, t h ~  lotter littic is 3.16 111.. Thr FIW a t  tokcoff 1s 1.O5.  'l'hi~ 
~ * r s u l l e n l  tlirusl IS 38 700 lb. tint1 mission w c ~ g h t  is tliits rc~stl-lcted to 3 3  H A 7  lb. Tllil 
c o n f i g ~ ~ r a t l o n  r c~q t~ i r r s  390 lb ol' alot~hcrliwntc~~ uncl I I 0  Ib of' tnilk e n d  plumb~rig.  

'Shc relationship hctwecn reldit~s and  tirnc on s tat ion is linear. 'l'hc rnnximtr~n misslnn 
radius ~v i t l l  110 I011er tinlc IS about 900 nmi I'iWam u shor t  taltct~SS, For  a \~erttcnl lalteot'l' 
thr. rrission radius with no loiter is  720 milcs. 

Performance FligIi t Envclopc 

Ftgurc 43 131-esetits t he  cruise rnnfigurtition levcl flight pcrSorn~nt~cc  ~ n v c l o p y  Tor 
stalidard day conditions o l  an ui rp lo i~e  weight of 36 000 1b. At  th i s  weight l hc  a i r p l a ~ l c  
is capabl (~  of operatinn 1111 tn 40 000 ft nlti tuda wIicl*e i t  is huft'c!, l imited. Thr. mns imum 



Mnch numbvi*, w h i c i ~  Is also b~lffet l i tnitod. PXCL'PC~S O.tj d l - n l  t i  tilde br.l[~w 36 OUO I L  t r )  
tlie nl~itucle wlrcre 'lie mnximum dyl~nmic  pressure (q) limit occurs. 

On Ihc snlnc [igure lho \*/S'I'OI, f l ight motlo onvulopc n l  ~11oi l t  213 000 111 is  shown.  ' l ' h c ~  
ovcrlnp between the two mndev natiul-os EI good trnnsi t ion ct)r~*iclor.. 
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Figure 40. -ST0 Tin?o History, 704 1- 733- I (ASWJ 
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"5% service tolerance added throughout. 
'klncludes 100 lb external tanks. 
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3 

4 150 nmi 

"5% service tolerance aclded t l i r~ug t io~~t .  
tlncludos 440 Ib of AlcoliollH20. 

Figure 42.- VT0 Missiot7 Breakclown, LCFA 1041- 1;3- 1 (ASWI 
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Figure 43. - Fltglrt Envelopd, Mode/ i04 1 - i33 



5.0 PART 11-LIPrl'/CRUISE FAN TECIINOLOGY AIRCRAPT 

'I'hrr*c scgnrnte  apprclnclws to the design of an a i rp lane  rcpru~cnt ing  thr. Ipchnology ol' 
thc m~~ l l i~n i su i c in  nit*ct.u!'t clavclopotl uncles Pnrl  1 were tnkot~ :  

I A n  nll llcw R ~ I P I R I ~ C  

2. Modificntiun of an existing ail-plane 17'-391cnl,ublo of'opcratiotl over llia stime flight 
envelope as thc al l  new ail.plnne 

3. Modificalion oi' an existing airplane ('I'-SDj l i ~ r  low-speed operation, spproxirnulcly 
160 KEAS rnnxin~urn speed capability 

All t h ~  ciesigns LISP Ll~c  s a m e  c~.uisc a n d  l i f l  fnn ha rdware  as t11u u p c r u t ~ t ~ n a l  
rn i~ l t t~ i i i s s i r~n  nirplnt~r.. 'rl~c turboshal't engine is lhe  XT701, ~ s s e n t i n l l y  t he  snnic as tlini 
intended Tor tho Army I-ZLFI program. l'lw d l . ~ v c  system intcrconncct and thc  'r-gcurbox 
nlmc al l  designed for a la te r  improvod ellgitle l~lzving 5Or/r moiUc power. 'l'hc tcr t~nology 
nirplanu r11-ivo system will havc the ndvanlagtl af opernttng ill o cIeraf.c*d rnndc. 

EmpI~asis on n~ in imum weight is paramount,  and  for a Iwo-engine? ait.pIane. 11111 cri ticul 
cfesign cnsc is pcri'ormed with one engine nuL. 'rhe rcsearch payloaci is 2600 lb. uncl t l ~ r b  

crew consists of' pilol and  copilol. 

'I'hc 'I'-39 (Subreliner) is a fbr tunatc  match for an ail.cl.of't t h a t  crrn be mocliiic.d fbr 
lifticruise fan t;ecl~nnlogy development. It is in the Dcpnr t~ncn t  of Bef~lisr! inventory uncl 
is a cu r r en t  production airplane.  

5.1 ALL NEW AIRCRAF'I', MODEL 1641-134 

M ~ j o r  design guidcl i~les  for th i s  a irplane a r e  that it must  approxirnnt;~ the opcl.stionu1 
aircraSt handlilig properties, f ~ t l d u m c n t a l  nerodynamics, and  cockpit ~ r o r k  s tat ion.  I i  

must Seature high research utility in its performance and exploration margins a s  we11 
as safety. T h e  pl-opobecl clesign s a t i s f i ~ s  all oS lliese recluircmt;nts. 

F i g u ~ u  4 4  shawl, the gcncral arrangement of' t h e  Model 1041-1 34 The a r r a n g c m ~ n t  has 
the appearance of' n slimmed-down operniionnl a irplane with n rcdtlced wing sizc. An  
overlay con~par i son  of the lechnalogy and operational a irplanc is shown in figure 45. 

For simplicity and low cost, there  a r e  no wing folds o r  wing fuel. Avoiding t he  use of 
wing fbel elirninatcs llie nced fbr mnny access I~oIcs, lhereby saving the  weight and cost 
tilat s t ruc tura l  discontinuily and  hale-framing introduce. 

The airpIant3 is designed for a l imit  lnacl factor of 2.5 g and a rnnximurn dynamic 
pressure (ql of' 212 lb/ft2. 'l'Ilis is the  ecluivalent of' 250 KEAS and  permits  Mach 0.8 
Ilight a t  abou t  a 36 000-h altitude. 



in. 

Wing area = 200ft2 
Aspect ratio = 3.64 
Taper ratio = 0.5 
Thickness ratio = 0.15 

- 56 i t  1 1  In. 

Figure 44. - General Arrangen~en t,  Mudel 704 7 - 734 



Figure 45. --Overlay Comparison 



I,ift,cruisc propulsion putt s t r u c t i ~ ~ ~ a l  s u g p u ~ ~ t  und arrnlzgcmvnl arc l h r ~  anme as tllat f t ~ r  
thr! opclonticrnnl airplane. 

V ~ i ~ i n b l e  pilch runs, U2-in. clin 

a Allison XT701 engines 

a 13ady fuel in f'otlmcd bluddcv 

a Fly-by-wire Ilighl conlrols using dudl. ~*edundst~t  command uugmc.ntalion syslrnl 

a Variable  gcbumelry itllct 

Variable  nrca ntrzzle 

Wa1r.r injection fo~.  emergency single-ungjnc f l i g l~ l  

o Ejec t ion  th rough t h e  c a n o p y .  ( N o  p re s su r i za t i on  a n d  low q I'lighL p e r m i t  
l iglitwcight canopy cnclosurr. t h ~ t t  11twnils lllis enzergency ejc~ntian appronch r 

s No air-conditioning o r  anti-icing 

5.1.2 PROPULSION 

Tlie plbopulsion system for the technology n i rp l a r~e  is idulltical to t he  opcratinnnl 
airplane wi th  t he  exception of the gas  generator .  The engine used in 1he tecllnolngy 
airplane is n modified version of Lhe current T701. Y:~dificntions will be made to the LP 
lurbine and  a waterialcohol injrction sysleln will  be employed t o  achieve pcsforrnnncc 
given in table 10, 'She watertalcohol in.jection system will be n modification of  t he  fully 
developed system used on the Allison T5G turboprop engine. To ensure uperntionnl 
capability, the system will r u n  continuously dur ing  the ho\per made by rrcirculnf;ing the 
mixlure back to the lank. During  engine-oi~l  operation, a valve will open, deliverillg the  
water/nlcohol mixture l o  t he  operating engine. 



SFC, Ib!lb-hr Cond~iif~n 1 i;; Tl;;u;;;b o,2,, 1 
STOL, 2 anain~s12 fans 
VTOL, 2 onginor13 tans 27 680 0.21 3 
Conlingancy, 1 enyina/3 ronr 1.12 21 000 0.228 

"Soa lcvel, 00" F, clay 

5 .13  FLIGI.IfI' CONTROLS 

7'he f l i g l~ t  ~u i i t ro l  s y s t c ~ n  ror t he  tc~chnology uirplune is t he  prol l~lypc fur Lhr. o p r ~ ~ ~ ~ l i o t ~ n l  
ail-plunu. The fly-hy-wire sys1r.m will be cluvcloped erld refinecl in Illit; a i lplan(+ ' l 'h~ 
contt.ol system dcscriptiun of l l ~ c  operulirrnal a i r p l n t ~ c  lsec. 11.3.a) tipplir*s 1{1  hi* 
tccl~tlalogy ni~.,)lane. 

The nilplanc moment nf  inortins in roll and yelw a r c  grealor than in t l ~ c  opcr.ntiona1 a i q ~ l u n r  
bocnusc of Lhc wlng tip tnnlcs. 'L'lit! thrust  ~nodulatron needed Lo rnsel roll conlrol levels t i~r Iiovcr 
a re  larger  because nttilude control scales with mnrnanl or  inertin. 'i'he ~ n v r c a s ~  In thi*ust 
modulntion is available a t  no pcnnlty because the rnns oI'the t~c11nolcrl.v alrplnne nlSp operatcd 
well below design Illrusl fevels. 'I'hc control nvnilnble is tn!iulatcd ,n table 11. T h ~ s  V'I'OL 
control capability, con~binod will1 thc variable stabilily fentures nchicvable w ~ t h  a lly-by-wire 
system, gives the technology ailplane cxcollent potential for handling cruolity resctlrch. 'I'hr. 
tlighl control charnclcristics of t h r  tachnolagy nilplanc will fiave Lhc flexibility lo s ~ m u l n t c  a 
range ol'opcrntional properties. The doslrnblr opcrationnl chnracteristics car1 be eslabl~shud. 

Table 1 7. - Tecllr~ology De171or7strafi011 Hover Culltrol Power, Moclel 104 7 - 134 

The control response of' t he  systcm is s~gni f icnnl ly  bc~tter  than  l hc  guideline m ~ n i m u m s .  
The response to maximum control commands, rar outside of c les~gn rc~quircments.  is less 
than 0.2 sec. The response Tor l he  pitch, rboll, and h e i g l ~ l  comrnnnds is based on b l n d ~  
angle changes a t  cssel~t inl ly  constant  Ton speed. Figure 4 G  sliows the response time 
variat ions with control input  size. The  t ime response f'nr 100% o r  desipn lcvel roll 
control is 0.10 sec using a system mechanized with n blade r a t e  of 100 dcgisec. 'l'hr yaw 
co~l t ro l  response is based on tho deflection ra te  of vanes in t he  slipslrenln of t he  fans 
with s imi la r  respoilsc ~ Iza rac t e r i s l~cs .  Hclght  control exercises tile system Inore than  
a t t i lude  control. A "fly up" command recluires n cha~zgc  in power to achieve un i n c r c , ~ s e  
in Son t h rus t .  The response of t hc  system is a function or both blade angle cl~angcls and  
engine power changes. An overall response lime of 0.10 sec is available.  

1 - 
Control funct~on 

Roll 

Pltctl 

Yaw 

Yotyht 
; 

Design guldellnc 
reclutternent 

0.90 rdd/sec2 

0.50 I ad/rcc2 

C.30 racI/sec 2 

0.C5 g 

-- -- 
System capabll~tl 

1.80 radlsec 2 

1.40 radtscc 2 

0.50 r ad/soc 2 

0.22 g 
--- 



NASA guidelines 

Emergency height control 

GW = 22 500Ib 

.4 r 

.3 Emergency attitude t (normal hedght control) 

Time constant, sec 

I 1 1 I I 1 I I I 
0 50 100 150 200 250 300 350 400 

Conrral. percent 

Figrrre 46. -Control Response T i m ,  Modef 704 1 - 734 



'I'hc nirci*afi syst~ms i n  thv Lrchnolugy nlrplnnu will be closigt~rd p~.tmtirrly to  p~.ototypc~ 
t l ~ c  Mudr.1 104 1 -  133 p~wpuls iun and f iyl t t  cont~*ol  syslurns. OtJlcr sysL(-n~a wr)l be ct~pablrn 
of' mr*oling Lhc c l e ~ t i o n s t r a t o ~ ~  opcr*ationnl 1*c3rluil*umunts with 1lir I Z P C L ' S S ~ ~ >  i o v t ~ l s  [if 
pvl'fonnntlca and snPc.ty. 

T h e  ncceuuoi9y powc.1. pncltngo will be sirnilnib to  Ihc  1041-133 will1 tile cscrapt~nn I h u t  thv 
t w o  76-lrVA genuiQnloi*s will bv ~*eplnced by two 30-ltVA g~nc rn lo r s  nucl ih r  u i r  
cloml~~*esw)i* will be dc lo tcd .  I1c~l.fnt*tnnnct! will bc basurl on thc Tol low~ng ~)owe~l* 
~ ~ s t l ' s u l i o n :  

No!-~nnl 

Eme1.gcncy 

Design 

~11af l iho1*sc j~o \v~r  
extraction 

5.1.5 WEIGI-I'CS AND Bii LANCE 

An abbrcvialerl \veigl~t s t n t c m c n l  or tlic. new t~chnology airplanr 1s p~-csr~ntcd in 
tuble 12. 'I'l~r. p~*opulsion weight is t h a  s ignif icant  contr ibutoi~ Lo nn ol~ol-ating \r.eigilt of' 
ICi 400 lb. The rcsunrch payload is 2500 1b with 240 lb of WEILCI'IBIC'OIIDI I I ~ ~ X ~ U I ~ L J  r01' 

wntcr i~~jcaction cluriug hot-clay cmergPncy conditions; t h e  lnission weight  Icss rucl is 
19 100 Ib. 

7'ahic 72. - Technolofly Airt?/a/?e Weight Statenleu! 

Note: 1 MAC LE i s  at body station 304.4. 
2 MAC length is 90 in. 

Structirrc 
Propulsion 
Fixod oqu~pniont 
Woight ompty 
Nonexpenclal~le useful load 
Operatino w e i ~ t i t  
Pay lood 
H20 plus alcohol 

Miss~on weight lass fuel 

fleigh t, 
Ib 

5 050 
7 560 
2 600 
15 800 

000 
16 400 
2 500 

24 0 

18 100 

C.G. Body statlon, 
in. 

41 7.7 
442.3 
347.7 
417.9 
328.8 
414.7 
30 0 
395 

398.0 



l'hrb 121 istiirlng ilsPd 10 r.rctimwtc. fill4 rc*ilulrc*mcanls nrc  trhown 111 figurt! 4 7. Il:ll*vt~n c t r r u ~ l n  
I'rom nn ilritinl S'I'O und I'ivr I'rorn a VrI'O w r c  uncd uw thr. fbt4 measulwr. 

'I'l~rb tulccolT ppl*rr)rrnnncr., gl-clund ~.oll as €1 I'unrlion 01' lilt-nT1' n p r ~ d ,  in j ~ r ~ s c * n t ~ r l  In 
l iguri~46.  'l'he lirt-ofr speed is 1.2X ntnll tlpiwd t ~ n d  no cr~lclil is tttkt*n fur in t1~~c .d  
~r . roclynal i~ic  lift [I]. g~~ouncl  crrects. 'I'lit~ uirplnr~rt is ~ l s f i u ~ n ~ d  1c1 B C C ~ I P I Y I ~ L *  t v i t l ~  11111 1 l I J H l '  

h n  i l l  rlnt P ~ L c I I .  A t  lift-oIT 1h0 nose f n ~ i  pitch is se t  to tl'lc vfilur! rorluir~*d Ibr p r u p u l s ~ t c ~  
mnrnrnt. bnlancr* f o ~ +  thi* amount  of enginc ti l t  bcirig uscd. 'l'hr* lilnt.crtlisr* I'unn arLh hc*lcI 111  

cmnslanl wligle during accc l~ rn l i on  uncl lif't-trl'l'. 

t 1  lhv  landing pcri'o~-rnttucv approach sl)crnd vcbrxux grr~uncl rboll IS ~ I i o w ~ i  tn I ' I K L I ~ L ~  49. '1'1ii~ 
~ p p r [ ~ n c h  sl~eecl is 1.BX stal l  spt*ecl oncl no cl-thclit is t a k ~ n  f'w incluccbd werodynam~c 
c;fTecls. T I i ~ ~ u s t  rcvol.snl is not  used. 

I3me1-gcncy vci*ticnl lnncling can bc ucco~i~plislicd tl t rt glnoss wrtiglll (11' '20 400 Ib uncl a 
Ll~rus t  we igh t  ra t io  ol' 1.03. A t  h i g h r ~ .  g ~ ' o s s  weighte,  n s l lor t  I t l~~c l ing  cull bt* 
accoml~lishucl w i t l~ in  the lirnit s i nk  speccls. 

17ivc VTO mission circuits cun be accomplishi~cl wit11 1300 Ib oI' fui*l. 'rhu mi s s~on  tt~lrc~rrfl' 
tveiglil is 20 400 Ib, wliioh is equnl l o  111c single-cnginc e t ~ ~ ~ ~ l * g c t ~ c y  landing wv~ghL fit 
P/W = 1 0 3 .  By t~wd ing  payload for Sucl or  accepting u 11mitr.d hovcring cn\~clopc. at 
higher gtaoss weight, n longer VrI'O ~nisl;ion can bc Iiucl. T h r  11 S'I'O cirr L I I L ~  can bv tnnclr~ 
from a gross weigllt of 21 200 1b. 'rhc n v ~ ~ i l a b l ~  th rus t ,  bot.11 engines opcratlng, IS 

27 080 lb. The ST0 missions a r c  not l i t n ~ l i ~ i g .  

A ferry range of' 8'20 nmi is ~ ~ o s u i b l c ~  nt a gross wcight of 25 000 lb. 'l'hP t l ~ r ~ ~ s t  weight 
ratio is s t i l l  grrtntcr thnn one. 

The 1cvt.l lligIlt performance unvclopo is pl.oscntcd in figure 50 Ibr tile crtistl  nrlcl 
V,STOL conf'igurntiolzs. T h p  cruisu configiiratirrt~ ullituclc cupability is about 37 000 ft 
nncl t he  maximum Mncll number is about 0.76. 'l'llo V~S'I'OL collfigurntion cnvalr~pc* is 
based on a n  optillium vnlue of cilgine t i l t  angle ,  A, nl cnrh point on t he  p n v ~ l o p c ~ .  
I-Iovcring i s  possible a t  nl l i tudcs up  to 10 000 Tt aricl t I ~ c  ~ n n x i ~ i i u ~ i i  flops-di)\vn ullitudra 
is nburit 29 000 Tt. N o  credit has btvn taken f ~ ~ r  induced acrodynnmic lift 1!-1 lllesc 
calculations. The crosshntchcd nrcu rcprcbspnts conditions wlicre the i~nvvlopcs ovcrlap, 
a l l o w ~ n g  the  conversion moncuvcr  to bc p~br lb rm~d .  

5,2 MODIFIED AIRCRAFT (FULL FLIGHT ENVE1,OPE) 

Sr~vcrnl candidate nircrafl were rCviewr?d Tor gutciitinl use ns a ~nod~f i co t l on  base for thc 
lifi-cruise fan technology a i rp lane ,  and  t he  T-39 (Snbrelincrr was selected because: (1  r i t  
is avnilnble fieom governmpnl  invcntol-y, (21 il is n low wing conligurolion, and  13)  i t s  
size is colwrect rm* thc  available propulsion system. Thc modified a i rp lane  differs from 
the a l l  new u~t-craf t  in lwo ways; the wlng l o a d ~ n g  is considernbl) Iigliter, and it  is 
ahtrr~t 7l)O Ib hcavlcr.  



VTOL (desired performance) 
5 circuits in 30-min mission 

STOL [desired performance1 
1'1 circuits in 60-min mission 

Ground d~stance. f t  

F;rjurtn 47. - - L CFA T e c h t l o l ~ y  Airplarm 
Typ/i-a! Tcrt:itm/ Area Tmt Miss~ot~s 



Sea level 90" F 
GW = 22 500 fb 

.cigurc 48. - Takeoff Pprforn7ance. L CFA 104 7- 734 (All New A ~rplanel 



Sea level 90" F 
GW = 22 500 Ib 
C,u = 0.25 

'approach' kn 

Figure 49. - Landtrlg Perfurnlance, L CFA 104 7- 734 (All New Airplanel 



A1 t~ tude. 

Cruise configuration, 
-- - ST0 conf igurat~on (flaps down, gear up, A = variable) -- -+ ST0 confrgutation, one englne out 

Std LldY 

M d x  continuous tllrust 
4 0 GW 21 200 fb 

Figure 50. -Level Flight Capab;/iry, L CFA 704 7-  734 (All New Airplatlel 



Yigu1.c f11 sllows tho gerlcb~*~I nn'nngcmcnl o r  the  modified Sub~te l i t~ t?~ '  1 101 1-135-21. A n  
ovc11.lay compnrist~n wilt1 tlica opcrtl liunnl a i rp lane  i:, shown in figure 52. 

'l'hrl ncbccssnt.y mociificatic)ns ~ n r l u d e ;  n new noso to accomniatlatc tho San tnstul lnl tc~t~;  
t ~ c w  vilrltcal and horiznntal . .ils; corlopy rcplncecl will1 1 igIitwcig11 t eticlosurr- l'lxcd ~n 
11lacc; meulinn~cal fligllt control syslem nclnptocl ( i ~ s c  of cont1.01 nctuatinn and  rr~tr11ltot1 
of tho cas~sling mcchnnical sys tc l i~  to be invcstigntecl~; flap deflocl~on will hc tnci*c~xsr~d 
to clcar l h i ~  t~ l t i t ig  pod; new 11ycl1.aulic s y s t e n ~  d u e  l o  increased 11owur ~ ~ ~ r j u i r r r n r n ~ s .  
rcworltod landing  gcnr  riietoriug needccl to  n u c o n ~ r n o d a t ~  tlie htglzer s ~ t i k  S ~ L ~ C C ~  

rcquil-clmclnts c ) f ' ~ ~ ' r t i ~ ' i l l  landir~g:  new nose gear  inslallntion t~vcdcd t o  t ~ c c o ~ ~ i n ~ c ~ r l t t l r ~  ntl 
til'L swlnglng s t ru t  clur to c t ~ n  ins tn l lu l~on;  body ~ t l . cnglhening  rcquirecl for the* l ~ l i  rrulsiL 
p t ~ t ~ j ~ u l s i o t ~  pod instnllntion a n d  lhc  new 'l'-tail louds. 'rlw propulsion systo~.n u ill bt* 
sunlit as on[. in Illp ull new l r ?chn~~ l t~gy  oirplntic, 

5.2.2 FLIGI-IrL' CONTROLS 

T h c  modil'ic.cl T-39 tModr;l 1041-135-21 rct l~l i rcs  the snlllc Ilight control n y s t i ~ ~ ~ ~ s  u s  t h r  
all nwv nitaplnnc. The  liovcr iner t ia  and gross weight characteristics are tr~ilhin Ihc 
cnpnbilily of' the I-cnction contl.ol syst~lni  for a i r p l a t ~ c  tlnim nnd cot~trol dur ing  Vrl'OIA. 

5.2.3 WEIGI-IT AND BALANCE 

'rhe opel.aling tvciglit of' tlir, modil'icd T-39A is 17 100 Ib. The n~trdifivations t~csul t  in u 
I I P ~  e t ~ ~ p t y  weight incrcnse to tlla T-39A of' 7240 Ib ~ n d  tbY 1*osul t ing t ~ c ~ l ~ n o l o g y  ulrl)lunc~ 
i s  700 Ib hcavicr than  tlic all new airplane. 

Tile takcof'f anti  I~ i~ i c l i~ ig  ~ ~ e r f i ~ r r n a n c e  is itnprovcd ovct+ l t ~ c  al l  ncw ai:.pIanra bei~ciusc* of' 

tlic difl'rt-cnoc in  wing loading: I'rom 120 Ib fi2 to 70 1b:l'tP. T h ~ s  incrrnsc~d capnbtlily 1s 
unirnpo~.tant.  

'l'he number of VTO circuits ~~va i lnb lu  from thc  c?mr?rgcncy landing ~vright is reduccd as  
a resul t  o f ' thc  weight increase. Three instead of' five are avnilablc. 

5.3 MODIFIED AIRCRAFT (LIMITED FLIGHT ENVELOPE) 

This  version of llie modified Sabrel iner  a i rp lanc  was examined to determine w l m h e r  
s igi~if icant  cost savings were possible. T h e  savings a r e  iionlinal sincc much ol' .he 
program cost is associatrd with tIie propulsion systcni, which is essentially identicaI to 
tha t  of t he  full envelope airplane. Flight is limiled lo  takcorf and landing lrnfic  
speeds-about 160 KEAS. 



342 ft2 
5.8 
0.33 
28.6 deg C14 

(mod1 root 64. A012 
100.6 in. 
44.5 ft 
o3 root. 2.9' t ~ p  
3. I deg 

64 :r2 
5.0 
0.35 
26 deg C/4 

59 f t2 
1.175 
0.393 
25 deg C14 

(m&) rip 

Figure 51. - i2chnology Airplane. Modified T-39 ISabrelinerl, Model 704 7 -  135-2 



Figure 52. -Overlay Comparison 



Mt~,i[jar c l ~ ~ \ ~ e l o p m r ~ i t  s n ~ i n # e  consist oT: 

A t-~.tlurrcl flight ti's1 prugrnm 

N o  ~ - c ? r l ~ ~ i t - c ~ t l c ~ ~ t  ror n~la lys i s  aticl simululion of high Mach nutnbcarm cIinrticletnrst~rn 

L3t'thg t - ~ l f i n ~ r n e ~ ~ t s  ui inec~sst l ry i l l  nnalytlis nnd fnl~t*irnlion 

a I Iigh-spc!~+d ~ u n n e l  lasting 1101 requirccl 

a E,jr*ctic~n tlirougl~ ct~tlc~py \*crificutinn not recluir~cl 

Figure 53 shows lhc. general  n r r ango~non l  of Mmclrl 1041-136. lhc I i r n i ~ ~ d  flight 
r1tivcIopc mocliricd oxisling ai~+plunt.. T l ~ r  modificnlians arc t h e  snmc. ms f '+~t .  thv 
p~.cviously desc~*ibecl a i~*l~lanr .  cxccpl: 

Lnt~ding  grnr  is fiurld 

~ ~ ' R I I  IIOZZICS O ~ P  fixed on thc  art pods 

No nose Snr. inlcl doors a r e  used 

'I'hc weight snvings res t~ l t ing  from those cliatiges ~nnlce tilts version of' the rn~lcl~l'icd 
airplane nboul 100 1b hc.u\~ict~ t han  t11c 1111 new ni~?plnne. I t  will tlnvu nbout ~ h c  st1111c 
Vrl'C) mission ctipnbility ns the  a l l  ne\v airplane.  

The propulsion systc~ii  will bc tIlp satno ns t h a l  for tlic all ncw technology. c*xc~-l)t tlitit 
the inlet ifanus fill. the nose fan wi l l  be fixed. 

This airplan? will have lllr s a t i ~ c  flight c t~nl ro ts  systctu and en~pennngc  kafurcs ns the 
unlilnilccl mociilied nil-planr. tModr.1 1041-135-21. 

5.1 'J'ECMNOLOGY AILZCRAFT C3MPARISON 

Thc caniput,ison or thc three Lccht~nlogy airplanes orrers classic costiwcigl~t~pcrformancc 
tradeoffs. 'rablc 1:3 prosrants a wpiglll cnmporison or  the threc. airplanes. 'I'hr. moclificd 
Sabreliner with t~ormnl Llighl envclope is  appl.oximntply 700 lb lzeavier that1 the 13cw 
airplane. 'rhe Subrclincr w i t h  limited flighl yuvulnpe is lPrl Ib 1lenvir.r. 



Geometry 

Wing IT-39 unchanged: 
Area 
Aspect ratro 
Taper ratio 
Sweepback 
A~rfoi l  64. 

342 ft2 
5.8 
0.33 
28.6 deg Ci4 

lmodl root 64. A012 

I \, 
-- *-- -- -- MAC 

-\ - b ii Span 44 4 rt 
4.- - - - 

- -- -:-- lnadence 
03 

', D~hedral 
/ '\ 

\ C1 Horrzontal tat1 {new] 
\ 
\ Area 

', Aspect ratro 

\ Taper ratro 

"L 
Sweepback 

. . Vertrcal tall (new) 7-v Area 

100.6 rn. 

44.5 f t  

0" root. 2.9" trp 

3.1 deg 

- ' i ,  
I - I 

, - -F - 
- 3--> ,Pi 6- i -  ,-/C - - 

/--- 

/-A- 
_ _ _  _-  - -C_=_ 

I 
----- - 

&- +J - 
r. : + -  

M ft2 
5.0 
0.35 
26 deg C14 

Asaect ratro 
Taper ratlo 
Sweepback 

Figure 53. - L imired Flight Envelope Technology Airplane, Mod; f t d  T-39 
(Sabrelinerl, Model 704 7 - 136 



'I'hc nll ncw Moclrl 1041-1:34 costs thr* most. hns lc~w risk on wright. anci 
prr.Sorms wc?t I .  

'I'lit~ nioclil'ioci '1'-3;1 is ~CISY L ' X ~ ~ ~ I I S ~ V C L ,  l ~ n s  I ~ s s  \wight ~nargin, and petbfi>rms t v ~ l l .  

T h e  Bocing Coml~nny  
P .0 .  Box 3707 

Scattlc*, \Yashit>glon RHI 1H 
Augusl 15, 1975 

- --- 
Co~lligural~on 

- 
Model 1041 
Structute, Ib 
Propt~ls~on, Ib 
Equipment, lb 
Weiuht empty, 111 
Nonuxpcndabla ~~selul load, IIJ 

Oporoting weight. Ib 

-- 
New a~rplor~c 

,134 
5 660 
7 650 
2 000 

15 800 
(300 

10 400 

- 
Modiliod 

Sabrclincr 

.13rj-2 
0 320 
7 580 
2 000 

1 (3 500 
000 

1 7  100 

Low-spoecl 
Sahtetinor 

.I30 
0 020 
7 530 
2 350 
15 000 

0 00 

18 600 



'L'WE APPENDIX 
EXCElEPTS FROM WORK STATEMENT 

AND DESIGN GUIDELlNES 

D13SIGN DEPiNIrI'I0N S'I'UDY OF A LIIFfl' CRUISE FAN 
'I'&CI~1NOLOCY V/SfI'OI, AIStCLtAPT 

1.0 Rocent studiez by thc  Navy alici by NASA dur ing  contrnctor studicu hnvP conlirmc~d 
the f ~ ~ l u l . u  need TOIS a high pet.hrmnncc* V'S'1'0IJ aircraft  for bnlh mil i tary and c ~ v i l  
rrpplicalious. 'I'l~e Nnvy rctluircs a mult imissiot~ V.STC)L aircrnl'l in Llze 1DRO's lhut is  
capnblc (>I' sen control opc;~+ations from many plotforms a s  well nu ship-to-sllore t111cI 

shore-to-sh i p fu ticlions. 

1 , l  The lurbot ip 01. mcchanicnlly driven l i f t /c~*uisc Tc~n V/STOL aircraft  e x h ~ b i t s  n1.l 
cxccl lc~l t  potential bccouse of ils high speecl, high altituclc and range  capnbility, coupled 
wit11 its overall  oporntionnl suitnbility. 7'hp exgected bctlefi tfi of Illis concept Tor 
multii~olc applicntians t~ inkes  i t  advisnblc tu conduct n lifi~c~.ui;srt fa11 lochnology nil*crnft 
fliglll program. Succcssf'~~ l completion of t l ~ o  flight program and r o l n l ~ d  tecl~nology 
support programs in propulsion, acrodynarn~cs,  and  strnulntion will rcsul t  i n  a firm 
basis from which multirnission uircrttft Tor t h e  U.S. Navy can be designed with 
confidoncc. The  tcclinalogy dcvcloped woulcl also be tlseful In consideration of f u t u r ~  
civil u l i l i l y  aircrnf2 fol* purposes such ns nfl'shore r)il r ig  ope rn t i o r~s  and  o the r  
constt.uction, lumbering, or  cle\rolopment s i t r s  ttint a r e  locntcd in a r m s  tlifficull to  ~eottch 
rapidly by other modes or trnusportnlinn. 

1.2 As a n  initial  stcp in dcvelopitlg a realistic tr~chnology aircral't, a study phase shal l  
be performed to cluantily Navy opcrntiotlnl a i rcraf t  rcqutrernents, develop conceptual 
designs of research aircraft.. and  assess their applicability lo operational rcquircrnents. 
This design definition sludy shal l  bc dii-ectcd tnwnrd a minirnuni cost reartarch progrum 
c o n s i s l e n t  wi th  p r o v i d i i ~ g  l t l l ix im~im r e s e a r c h  product iv i ty .  N a v y  opu rn t i ona l  
deinonslration capabilities, and prnpor at tent ian to safety. 

2.0 Basic design guidelines for the  technology aircrar t  a r e  given in nttachment  1. 

2.1 ParL I-Navy operntional aircraft  rcquircmcnts  

'The contractor shall  evaluate  Navy ruqulrements  for V/STOL aircraf t  to  perform the 
missions outlincd in nt tnchment  11. Considering mission deficicncies, cost, and  111~ 
~lcltentinl for design commonality, the  contractor shall post;ulate n compromise design 

PRnCEnING PAGE BlANIC NOT FTLMlZD 



'1'0 t~llo\v i l  ~ I . I I I .  clrml,i~rixon rrf'prrlg1.tlrn cr~nl und vuluc*. l h r ~  c c ~ n l r u e t o ~ ~  nliall prrnllurr. gin11 
r~vtilt~irtc~ ut  Itbtist t l l l ' ~ ~ '  S L ! ] I L I ~ ~ I ~ ~ *  d ( . ~ i ~ ~ l  ~ ~ ~ J ~ ~ I ~ ~ I c ' I I L ~ H  li)tm l.11~' t.o~'llnr)l(~lqv u ~ r ~ r t ~ f ' t .  [ ) n t h  

tipp~.uitch \ v i l l  brt banPcl uprt~i tl ntw uirf'r.nmca u n i n ~  lh l*  rcrrnl~re~rninr! all-crrult dvsrgti c r l '  
l 'url I; l l i i *  ~ c + ~ ~ r ~ i r l  ~ 1 1 1  IN* t)ui+(*d u11rit1 n ie rc l i f~ i~~g t l t i  ~ lx in t i~ ig  uirI'rt11~11, 10 i~(+riq)t ~ I I P  
prerpitlnic~ri syslrnl tincl cl[~rnc~~itilrutc* tin iihil11.y to r r l~ t~ r~ t c l  in t~ l'i1I1 ~ ~ n ~ ( ~ l c ~ f ) ( *  c i . t * . ,  Ilovc*r. 
L~.anr;~tiiln. untl h i e l i - n l ~ [ ~ ~ ~ i l  c l * ~ ~ i s r ~ ~ ;  U I I ~  l l ~ r *  tI111'cI ~ ~ l ) t ) r t r t i ~ l ~  woi~lrl hi* hrlstnd upoll 
~ n o d i l ~ i u l :  tin A n t  ing tiirl'r:imcl to trt0r.cl)t the* ~~r~r l~ulx ic rn  nyshbtiJ b u t  lo Ir t .  f l ~ g h t  1 1  n ~ ~ l ( * d  
tti o nlaxinltlm vr!l~~ci ty rlf u ~ ~ ~ ~ l - c r s i r n i ~ l ~ l y  I ( i 0  kt). 

AT'L'A C I-I M E N'I' 1 

DI5SIC;N CUIDISLlNES A N D  CRI'I'ERIA 1?012 1113SlGN I)BPINIrI'1ON SrI'U13Y 
OF A LIP'1' CRLJISI!: ICAN 'rECl-rNOLOGY V/S'I'Ol, AIRCRAt3'l' 

T l ~ c  purptlsr of thrt;c ~ u i d r l i n o s  i s  to p~.trvirlo i~ k i n  Srrr ce r~nl~ur i l~g  111(. crrnrr~ptuul 
c l~s igns  or ViS'I'OL tcclinology E I ~ I ' c ~ u ( ' ~  using lhc. rrrnote list-cruise la11 ~~rrrpulo~cln 
sysleni. 'I'hcsr gu~dr t l i t~e s  \\!ill prtrvidrb diri*c;i(~n fill- e~nly thosc itcanis ~ ~ t q u i r c * d  1'111. 
(-t)nt-iy/t t t-71 [l(a.vig~? ~ ~ o ~ ~ . v r c l ~ ~ r a ! ~ ~ ~ r ~ . s .  'rI?is is J I IJ~  an aLli*lnpl L O  j~rr~i ' ic l i~ rrilcriu ror p ~ l l ~ ~ r  
t h ~ 1  p r c ~ l ~ n ~ t n o ~ ~ y  or dclcril clr~sig~r of' mil~lar:\* ninar.uf'l. 

[ Ixcopt  w11cl.e specilic r r i lpr ia  i*l'td givinn. handl ing r[uulitic*n shal l  bc consistent with thv 
111tcnt (IS AGAK13-11-677-70 untl MlI,-F-H:~3OO. I!ndc*r MIL-F-X:3;100, the ai~-c.~.af'l will bt- 
considcrc~cl in thc ('lass 11 catcsory.  ?'wo Icvrls o l 'o~cbr t~ t~ t rn  will b[* considi*rcd. L r ~ v c ~ l  1 1s 

normal ope~*uLion with no I'ailurcs. I,pvcl 2 is opt41.ation tvith tl single t*cusonublc f'u~lul.c* 
of Lhc propulsicln nr cotitrol systclm. 

Ulion tiny ~ C ~ H ~ I I I I U ~ I L '  r a i l~ i r~b  of' u I I I I \ V ~ ~ I -  p1~11it ~ I I -  cclnlrol systrm coti~ponc~nt.  tlie n ~ r c r a l t  
sIia1l br cupublik of' co~nplc t ing  n S'FOL !light rnrrdt* tukt~off und continuing sustnined 
flight. I:or Ihc ve1~ticli.1 l n n d ~ n g  flight nlodil, ullcln i'uilurka. sustained I i o ~ ~ r ~ t ~ g  flight ir 

recluircd a t  somc  uscful aircraft  gross wcight  lo btb drtcbrmincd by t hc  contractor.  A t  
liipher gross \ V C ~ I ~ I I I S  rnr 1~11ich hovering !'tight cannot bc suslnincd after a fu,lurr~. 
s inking vertical flight is pcrmi t l i~d  pro\.iclcd aircl.ufi a t t i tudc  rcrnuitis c.r~n~rrrllablc ~ t n d  
thu landing  gear  design sink is not exceeded. Fan fuilurr. dur ing  law-spc*cd flight is not 
n dpsign rcclirircm~nt rns similurly t h r  caw I'or r o t t~ r  type o r  propeller-driven conccptsl. 
nltl~clugh consideration of'gas gi!nerator f a ~ l u l ~  is u design rcrluirernent. 



I .1 l-lnnclling qun1ft;ies cl+ilorin t low-speed puwol*od-liil rnode~ 

Defini1;ions of llio twn lsvals a r e  ns follows: 

~ J G V O ~  I :  F lying qi~nl i t ios  ore  ns trcas optimal as possilrrlt? and h e  aircraft  cnn bc 
flown by Ll~c nVcl.trgs 111ilitnly pilot. 

1,ovel 2: Flying qilnlitivs nro ncloclunte to continue I l i g l~ t  n11d Inntl. 'l'lrc pilot 
worklond is incseasclcl but  is still within llic cnpabililios of the nvorngc 
mili tnly pilol. 

Applicable fur nll aiscsnfl weighls nnci a t  any speed up to V,,,,,. For purposes of th i s  
stucly, 1.11o Vfl'OL valucs will a~sp ly  near I~ovt?~+ ( 0  lo 110 knI; wirers llle S'FOL va1ur.s will 
apply when operating above 10 Icn. ' l ' h ~  tnblcs list  minimum values; higher Ievsls 01-c 
dcsisnblo Ibr I 'CGBB~I~CI I  1111 1~110ses. 

Level 1.  T h e  low-speed c{~ntrol Ilower shnll  be sui ' f ic ic~~l  tu sflliufy the tnosl critical 
of tho 1111~~o rollowing scls of' cnndi lions: 
tn, Following to bc sntisficcl sirnullnncously: 

r 1) Trim wit11 t he  m t ~ s l  crilicnl c.g, pusition 
( 2 )  Provide contl*ol powcr in eocii contsol chnnncl for maneuver  only, 

e q u ~ t l  10 tile I I I O S ~  crit icul of l11c requirerncnls  given i n  t h e  
following Lable: 

1.0.9 radtsec ! 0.3 I-adlsoc 2 '115deg 110 dag 
Pitch * 0.5 rad/soc2 18 den +6 cleg 

'0.3 rad/sec2 3.2 r ad:sec2 t 5  dey +3 deg 

Axis 

These maneuver control powers a r e  applied so t h a t  100% of l h e  most 
c r i t i c a l  and 3 0 q  of  etlck of t h e  r e m a i n i n g  two t~eed  n c r u r  
simultanuously. 

Att~tudo angle 
in 1 rec after 
a 5trp IIIPLII 

VTO L ST0 L 

Maximum coritr ol moniont 
it1e1 11.1 

VTO L STOL 



ILb A t  lcnsl  60'4 or 1 1 1 ~  ubuvu conlral  powutt shrill ba t~vn i lnb lu  TOI. 
mnnot~vt*r ing,  nf2urg llle ail.crnf1. is tr immed in n 26-k11 cr*owr~ind.  

( c )  A1 lenst UOt;f of l h r  cont.l+ol power- spocifiod in conciitinn (a1 tillell b~ 
nvnilnlrlo n n e r  componsatinn or the  gyroscopic rnn~nclita d i ~ r  to 1l1t* 

mnnuuvcss spucifiocl it1 condition rn). This  condition includes 11.irt-i will1 
llie r~ioal crilicnl t.g. po~il iol i .  

Lr+vcl 12: Thr low-wpc~c+d oont~+ol  pt~wor sha l l  be surficicnt lo snlisfy,  s i t i~u l t t rn t~~rus ly ,  
t h r  I'olluwing: 
l t l l  With 111s rnost ct'iticol t . ~ .  positiorl trill1 nfter ally rensot~nblr* alnalra 

fni1ul.e of power plant  orm col~tsol  sywlem. 
~ b ,  I n  r a c h  cun~l*ul  c l i a t ~ n ~ l ,  providc  conlsol powpr, for rnnniBuvrt. r~iily.  

crluul Ltr at  l ~ u s l  lhrl rollotving: 

Att~tude angle 
in 1 sec ~ f t I ? l  

a stop ~npul 

' 5  deg 

!ti deg 16 dag 

'2 dag 

1.1.2 F l igh tpa th  cont;~-01 power Isen love1 to 1000 Tt. 90° PI 

1.1.2.1 VTOL (0 to 40 ICTAS a n d  zero rate of cic?scent l 

At  a ~ ~ p l i c a b l c  aircraft weigh ts  and a t  the cnnditions Tor 5U'Z of t h e  Innxlrnum n t t i tudr  
control powcr of crilical axis s p r ~ i t i e ~ 1  in parn I .1.1, i l  slinll be possiblc l o  plwdrrcc the 
following incrcrncnttll accelerations for h c i g h ~  conlrol: 

La. cl I : 
In1 In  f rcc  a i r  +- 0.1 g 
tbl With wlieels just  clcwr of t h e  ground -0.10 g. +0.05 g 

Level 2: 
[ t l l  In  frrv air -0.1 g. +0.05 g 
tL.11 With wheels just clear nTIhc groi~ncl -0.10 g. i-0.00 g 



It sholl  also be pusniblc! to p~~oclttcc thc  follnwing llot*iznntol incremon~nl  nccolern~ion but 
not simullaneously wit11 h t l ig l~ l  conll-01. 

Level 1: kO.15 g 

Level 2: k0.10 g 

A l  applicnblc nit~crarl ~ v c i g l ~ t s  il slinll bc possiblc to producc t h c  followi~~:. stabiliaid 
th~*uut-\vcigIlt rntios w i thu t~ t  u t l i t ud i~  control in1)ut.s. 

Lovel I :  F!W = I .06 in t'l.c?c air  I tukooff p o t r ~ r  r n l i n g ~  

Level 2: FIW -- 1.03 in frrlr it (emergency powel* rnl ing)  

1,1,2.2 V'I'UI, nnd S'COL npproac.~ 13 kn lo  V,.,,,, 1 

At applicnblc landing weight ,  t he  nircrnft sholl  be capnblc of making an  approach n l  
1000 f p m  rate or descrn t  whi le  s imullaneously decelcrnt ing nt  O.UH g a long  l l r t l  

f l i g h t p ~ ~ t h .  

I t  shal l  be possible lo producc Ihc following inc~*crneulal norrnal accclcrotions by 
rotation alonc (nnglc or nl tack change and constant  thrust,) in less khan 1.5 scc a t  tlw 
STOL Innding approach nirspced where reasonable rutrrlion (angle-of-attack cllrrngcs~ 
will product. a t  lcast 0.16 g. 

Lovel 1: c0,l g 

Level 2: 20,015 g 

It shal l  bo possible t;o produce Lhc tbltowing normal acce le~a t ions  in  at; l e n d  0.5 s r c  fnr 
Ilight;patl~, flare, or toucl~down control by ei ther  Lhrust changes 01. combincd thrus t  
cllnnges and rot;ntion a t  STOL Itznding appronctl specds below which 0.15 g car1 be 
produced by rcnsonable rotation alonc. 

Lcvcl 1: 20.1. g 

Level 2: 3.0.05 g 

1.1.3 VTOL and STQL low speed control system lags ISL to 1OOO fL 90° FI 

The effective time constant ( t ime to 63':f of t he  final value) for a l t i tude  control moments  
and for flightpath control forces shall not exceed thc levels given i n  t he  following table: 

Level 1 

Fl~ghtpath 
control forces I 0.5 sec 

Level 2 

At~tudo 
control moments 0.2 scc 0.3 sec 



With a ulrp- typo inpul  nL ltle pilot'rr rr)ut~*ol,  I l ~ c  commnndud control ~ n o ~ n ~ ~ t l l  or force 
tihnll b r  appliccl withi 11 LIIP  l'trllowi t~g: 

1,cvol 1 :  0.9 s r ~  for 0.5 in. of pilol's control 
0.6 see lirr full pilnl's cottltlol 

Levrhl 2: 0.6 stir for f'i~ll pilot'v c a ~ ~ l r o l  

' I ' l l r a  cli11111ou~ HI-adionl in t l ~ c  tnkeoN' configuration, a t  LnkeoPr g~*oss w ~ i g l ~ l  wilh gear 
down und most critictil p o ~ i ~ ~ ~  plat11 r~tilecl t ~ l  lilt-off, shal l  be ~~nsi l . ive,  u n d  lhc~  t l i l . ~~* t~ f t  
will cuiitinuu to st*cclcrtztc. 

I l t~ r ing  tul~r.of'f, wing liR silnll 11111 PXC'C'LIC~ 0.H Vl,lllils. No C U L U ~ I U ~ ~ S  01' n r - ~ * ~ ' s t i r ~ g  gt*nlg will 
bc ~tlitiztlci. Tllc rolling catlffi~i<icl~t 01' li.iclion will he 0.03 (fur culculat ions~.  

II t l ~us t  b~ possible to stop and  mvcrse lllc convtrl.sion 111-ocoduro quickly a n d  snkly 
without ~ t i ~ i l u e  coml~licnlod opetBntion (IS tho por\lcrc.cl-lil'L conlrolti. 

' rho mnximt~ tn  tipeed in tlie powc~~~c l - l i f t  conr~gura t ion  shtlll LC at lcnst 20'4 grcnlcr  th~111 
ttic power-oSf speed in Ihc conve~'ted cunl'iguratlon for lovi*l I operntiun, and tho s19cccl 111 

the  powu~*cd-lift con fig urn  tinil shall  bc a t  least  i OV glqeaLor than  Ihe pc~wor-uf'f stnl l  
spoad for h e  lcvcl twu opcl+nlion. 

2.0 Mission 

2.1 Mission Surnmnry 

I t  I l ~ c  mission, pnyload, a n d  txngc of' Ihc technology I ~ ~ I ' C I ' R ~ ~  will be der ' iv~d thr*[it~gI~ 
c o n s u l t a t i o ~ ~  wit11 Llie ctb:ltrnctor, Navy, nurl NASA u ~ ~ d  will be I ~ R S P ~  UJIOII t l ~ e  fi~iclings 
of 17nrt I of this study. 

ATTACHMENT 11 

SUMMARY OF MISSIONS, DESIGN GUIDELINES, AND DESIGN TECHNICAL 
INFORMATION DESIRED FOR THE PRELIMINARY AIRCRAFT DESIGNS 

AND MULTIPURPOSE AIRCRAFT DESIGNED FOR THE 
COMPROMISE MISSION (PART I) 

INTRODUCTION 

'I'hc purpose or At tncI~mcnt  I1 is to provide t he  basis for designing the preliminary 
aircraft  of Part I and the multipurpose aircraft. desigiled for t h e  comprolt~ise as specicied 
in Part I of t hc  Staterncnt o f  Work. Five miss io~ls  a r e  doscribod. 



Misslon sumtilnt*y ntltl design tUeqt~il1emonts: 

1.0 Mission s u ~ ~ ~ r n n l - y  

A.  Sutblhco Attnck rSAb-Scn Contt*ol Mission 

Londing: (2) I-Lni~poan, (2)  AIM-9 

Cnnditians: ST0 wilh 400-fl, dcclr run and vol.ticnl landing both a l  89,8° P. 
Tan-lctl WOD I'ar tukcoff. All f'ual consumption to  be ctllculalcd at 
slnnclard dny conditions. 

Note: IIxtcrnel fuel pcrmittecl il' wilhin ST0 cnpability; t anks  dl-oppcd wlian 
crnpty or prior to combat, whichever occurs t'irsl. 

1. Wnrmup,  t;nlcooll', acceleration to climb spaed-2-112 min al; intermodiatc 
t l~rust ; .  Installed sea 1evr.l slat ic  conditions 

2. Climb-to bost clat~isl; a1 titude a t~rl volocity (BCAV) at intormcditlls t ; l~rus t  

3.  Crnisc-to rnclit~s to  BCAV 
4. Dcsrcnd t;o 20 000 f ' G n o  file1 used, no l ime or distance credit 

5 ,  Laiter-2 111. a t  20 000 12 at speed for besl endurance 

6, Combat.-6 inin a t  inl;er*mediute 1;lirust nl; 20 000 i't Id = 0.8 

7. Climb-from 20 000 fL t o  BCAV at; intennodiate  Lhrust 

8. Cruise-at; BCAV to pninl; o f  Lukooff 
9 ?+ :wend to scn Icvel-no fuel usecl, no time or  distance credit  

11I. Lnncliilg n l l o w ~ t ~ c o  and reserve-fuol ibr: 
(a) 1G mi11 loiter a t  best  endurance speed at sen level 
(b) 5V totnl initial lilal 



I3. A n t i s u b m n ~ ~ i t ~ ~ .  I ASW I 

Loading: 121 MK-416 toilpedocs, LSOI tnixed sonobuoys {sonobuoy weight 
1701) Ib) wilhoul  contninorv 

Conditions: ST0 with 400-TL clcclr r ~ l n  a n d  verticnl landing both at  89.8O I?. 
Tcn-icn WOD for takcol't: All fuol consumption t o  bc calculated ut  
slancln~~d day conditians, 

1 .  C\jnrn~up, lalrcofr, accolerntion lo c:in-rL speed-2- 112 mi 11 n l  intornztldirito 
t h ~ * u s t .  Installed sen Icvel s tat ic  co t~di t ians  

2. Climb-to 13CAV a t  inLcrmc;cIinte Llirust 

3. Cruise-to laclius a t  BCAV 

-1. Desccnd-to 10 U00 R nl, I'url used, no Limo or  disliance credit  

5 ,  Loiter-nt I O  000 12 and spocd Sol* best ondurance-4 h r  

6. C71itt111-flt in te rn~cdia te  thle~lst to BCAV 

7. Cruise-to s ta r l ing  point at BCAV 

8. Descend-to sea level. NO f'uel used, no Lillie or dislance credit  

9. Lnncl ing allowance a n d  i*cse~.vr.-Cue1 Tar: 
(a1 I0 mill at bcsl cndtlra~lcc speed nt sen level 
(bl  sf% total initial  rucl 

C:. Vet-ticul onboarcl delivery (VOD)  



1,onding: 5000 113 clisposnblc paylnnci. nlny incluclc; pnllols, bul  1101 lira rnf'lss, 
cnrgo lonc l i~~g ocluipmenl, clc. 

Cnnditiona; E'I'O wilh 4bD f l  tleck I+UII nncl verlicn1 Inncling, bn t l~  s t  HD.HVP. 
rl'wsni.y kn WOD Tol. tnkeofr, All I'nol consumplion to L ~ E  cfllc~l I ~ I L C ' C I  
R L  stnnc1~11*c1 tlny conditions. 

1, W~I ' I I ILI~I ,  t~keofi', R C C C ~ P ~ B ~ ~ O I I  t r ~  climb sgood-2- It2 m i n  a1 in termodit~lc 
LIlr~~st .  lnstallud sun Ii*vid stnlic conclitions 

2. Climb-to BUAV n l  i r ~ t ~ r ~ i ~ u d i n t e  l t ~ ~ * u s t  

3,  Cruise-to reclius n l  13C'AV 

5, Landing ~illownnco and i+rasrdr*\rr-f'ur.l for: 
tab 20 r ~ l i l i  Initcr n l  best endurance sporbcl !.it sea level 
tbl Sf$ total inilia1 Ti~cl 

Notr*: VCID clesigns shr~uIcI bc sized to carry nt I c ~ i s l  lhc IblIo\ving: 

cnl Pnssungcrs: 17 lo 23 plus lhree  crow 
t b ~  350 in ~*olol. blade 
1c1 F4Ol u n g i n ~  on s t n n d  Ino nfiol-hurncr~ 
(d l  4G3L llnlf pallel (88 in. by 5 1  in.) 
1s1 'F1'34 unglncs on stand 

IS internal cnrriage o S  the r0tn1- blntle crcnt,t.s a11 nclverme irn,)nct upon the aircraft 
design, eslernal cnr.1-ingc may be considcl+cd. External ca~.ringc of blntlcs up to 420 i n ,  
long should be cxnmincd. 

D. Surveillance 

Conditions: S1'0 with 400 Tt deck run  arid vt;stical landing both nt 89.B°F. 
Ten lcn WOD for takeoff. All Tulel consumption t o  be calculated a t  
standard day conditions. 



1 .  W ~ S I I I L I ~ ) ,  talcc~off, R I I ~  t i ~ t ' e l ~ l t ' a t i ~ n  L o  c l i m b  rcptlcbcl-2- 112 mi11 at  
i~~tc*rmc?dintc? I h r i ~ s l .  l~irjlt~Il~"cl tiem levcl ~ l u l i r  c:undilirrntr. 

6 .  Uoncr~~~cl-.-to sen levcl. Nil fuel ust~d. no Limc or  clislenrc crrcli: 

7. Lancling nllownncr sncl ~~r?eervr.-Pur.l Tor: 
I ~ I  10 111il1 tui ter tlt besl undui*anc~l spr?rd w l .  srn level 
1b1 Fi1'4 Lola1 itlilitll rue1 

Lnacling: (2) AIM-D, Mlni gun  nncl IOU0 ruunds nmmo tp~qoduct~on gun  111rrt't 
sys tem)  (a l l  rc lni t~edr  nlicl BUD Ib Armnur. 

C:onclilions: ST0 with 400 t't deck run,  miclpoinl hover, nncl v ~ r L ~ r ~ l l  !nncIllig ~1 
Xfl,B" F, All fuel ronsumption to be calculalerl ul s t u r ~ c l a ~ ~ d  day 
conditial~a. 

Nolc: Extcrnal rue1 ~~crrniltecl ~f wit11in S'I'O capability: tunks droppt-d whran 
empty or prior lo hovcr, w11ichr.vc.r occurs first. 

I .  Wnsmt~p,  tnkeoff, nccoleralion l o  clinzb sp~*ed--2-1,3 min a t  inlo~.mt.dl t~tc~ 
t l ~ r u s t ,  lnstnlled sen levcl stalic conditions. 

2. Climb-to UCAV a l  intermediate thrus t  

3. Cruise-lo 350 n m i  a t  BCAV less clisttlncr cnvrrcd in climb 

4 .  1,uilor-20 lnin nt  optimum a l i i t~ lde  and airspeed 

5. Desccn&t;o sen level, no fuel used, no tilnc or  distance crcclit 

ti. Dasli-50 n n ~ i  a t  scn levtbl, M = O.8 lo pickup area 

7. Pe~.sonnt;l piclrup-fi~cl nliownncc for 10 tnin 11ovr.i~ a t  sea  Ir.vcl tOCEl 
p ick t~p  t.wo pcrsannel (400 1h) 



8. D n s h - a t  M 0.8, f iO nmi n l  son l o v o l  

U,  I'limb-to 13CAV n t  int.crmcclinto I h i 7 t l s l  

10. Cruise-nt BCAV l o  poitlt of lokeol'r, 360 n111i IESS disln~we C O V O S P ~  in climb 


