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7 ,4 PERFORMANCE 

(U) The perfor!llance c:apabi.Lit:.l,.es of <,ohfigur11tion 401~ with 
th~ . two sup~.t'crftic~l airfoils (AR • 3 ,O_D!Jd J.J~) ~ere. evalu­

·iit(!d .for the s~me m.isaions and gtciund rules. as s~t forth ln 
.Sectioo 3.4. _Both w'ings have a wing lo4di:ng of 60 rsf and a 
leading-edge a,~eep of 45 degrees. · · · 

,- -fG,- The LRASM i;!.nd SRASM mission radius ca:pabiU:ties for tbe 
CWCI design concepts ~i'~ sho!-ln below fo~ cbe 16iaoo-lb ver~ . 
sicins descdbed in Sect.ion 7.2, BBthABW/IPf ····· · ·- · 

----- g Acc~l- F~(~ _- ) · (?l)jg
11s.pect Radius MO,.B Hl.2 Time E. · 3 .. tr.3.3 
.Ratio Mission (ti .ini) . ~de5lsecl (deg/aec) (sec:) r:.~~"'f./t,X,/0 

-

:Lo LRASM 807. 10,65 7,42 56.9 $tc. ,3..,t,,~ )·. 
SRASM 244 11..50 8'.10 52.1 ";:,"r;.t:.. /,t/{a£J 

3,7.5 iRAS~t 726 - tLlO 7.88 59;9 
SRASM 1g:,3 ii.93 8s42 55.3 

After the supei'¢.ritical dE!slgns were.evaluated at a 
fixe;d design weight of 16 ,BOO 11', , both cledgns we.re re.~_ized 
to meet the 225-n .mi ·SRA.SM. radJus re.quir.ement rather than 
tjle 75D•n,mi LRASM rl\dius requirement. This was· dor,,e be• 
cause of the poor SUP,ersonic performa~ce of th~; supercrit::tcal 
di:foil design, whi~b results in m~r.e fuel requlred for COjllb4t. 

The SRAS~ d~es riot have enough cruise distance for · the better . 
cruise L/D of'feret! b,y tg,e supercritical .wing to. compensate for , · 
adde_d ceirtbat: £ue1 requirement. as is the c11se with the LRASM. 

. . . 1 . 
. ·, -~ --

T·ha reterence areas of the supercritic~l wings changed~ -, . froru 280 sq ft to. 277 .3 aq_ ft for th_e aspect-ratio 3,0.. wing 
and . to 385 .2. sq. ft for the aspect ratio 3, 75 wfog, The 

r following i;;ori:-e1;tiot1s I obtained fr.an t!l,e growth pa.ta pre­
sented fo Seed.on 3.J, were added to thi? basic aerodynamic 
data of Section 7 .3 to account for thii ch~uge in aircraft 
dze ancl 1-iing a:i:eli _, 

Mach . No.;; 6.Cp AK 3.o 6.Cn AR 3,75 
0;6 . .00008 •.00015 
0.8 
0,9 
1.2 
(.5 

. 00008 

.ooooa. 
,0.0034 
,00031 

~ ,.00015 
~, 00017 
~ .00062 
.-.00056 
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SECRET-

(U) '!fhe. 'lo1Efi~hc da;~-- 1_>res.ei;1te~ ~n Secti~an· 1.• ~ were ~or~~ted 
fin; .~hanga la al-rerJf~ 1-ize through· us.. of the· grow.~ d.aca· 
presented in -Sei: tiQfl 3. S ~ A s_,_ry of tb,~t ·carz:ec:~;eo wel"ght 
data la -pre,ented tn 'tab1• 7.__;4.1· for the aapeci:-:ta.tio 3'.0 
wing: .and in. ia~le 7.4~2. for. -the as_pe.ctwi:'a.tio ~-• 7~ -w_ipg •. 

"\ 

.CU) . '?:he· engine .size- w~s imain~a~:ed fixed·, ..~d the propul~~C!P. 
data (rau -Section ~ •.6 -~ere 'U&~d. ·wttbilUt mQdificat!.on, 

•. 4.Sr ·Summaries. of the ,~tl!l.a:ton- c.a~s.!:,~U.ties .Qf ·ttae res~~d. 
a.ttcJ::aft are pre.sented .in Flgur.-ea -7 ,.4-1 .and -2.,:. .A CCII\P.f!d.-. 
soa w,ith the bade: :1+01B cj:io~igura,tioi:'I -~ preae~t;•~- :J,el~: 88th~W/IP;l 

l' 
WSM~··:;-,:~ Radiua 9M0.8· eM0.=9 ,9 Ml.2 

~i.&,.:.. (th") (n.ml) (deg/Sec·) .(deg/sec_)._ ,(cl11g/sec) ~~-. ~(.6~~ 
·!Jade: 401B -17 i-US ·750: ·g,a 10·•.2 8.1 s~~l. YCa..~) 
All ~;•.0 l:~-• 640 767· ·10.6 il.;3" 1'.s 
41'· ·5,7·5· :lttl_l~ ' 794 ll-,"O 11:.a 7".-7 

Accei. time. 
ccnf:Lg, (~ec.) Max. Mach Nb-~-

Jiaaic. -4011 35.~S 2.-35"
A,- :,-~o 55;3 1_.._79_:_________,-1 ' Al .3,7-S 62,_6 i.n I ,,. 
Mia.ai:ora weight .U:s~e:h1boye •1-• .ful.1.•up wetg}I.~ wi~h mi~a:l.on 
.PO.tload- ~nrJ wi?out taa~.. ;hi,. i~- the S~M -takeoff. gross· 
.wei.tf\ •~cl the ~USM .weiglJ.~

! 
•t start 

. 
p~ combat. · 

(i1) the supercrid:Qai ~-rfoil _deaJgn nth .an .aspect tati-o · 
o.f 3·._75 i!I tl?,e ■ allle".'aize aircraft: as the bairJc. 401a col.:l~i,glml• 
l:~on an.a h8(1 a .l.:lwdeg/&.!IP ~~r.eaae. in aub,anic tuin. rate 
(app.ro:d.mately -~o percent, inctease") •.. fhe: super~ontc. ch1sign 
with an._ ••pect 'ratio tif 3.,.0 ii of ,u.ghtly. :~l_l.e~ aiJ!e t~l,'I 
t.he b.a11ic 401) -and ha11- an- 0,8~deg/se~ 'f,.nc.rea ■ e •in .aubsonic. 
·curp l'a.tc-.. Both IJ\!.p•i-orit;Lca;-1 au:-faj;l c.oaft3~•.!;icm.a. pcu:·~om. 
~tse •t auP.e~s-~nic .--a~ee~ ··than doea. tile baa:Lc 1t.ois.·configura­
·t~. "Tbi:a ii. cauatid b7. the in¢r~·i-aed ·wo11ve drag .asaoc.1~t~d . 
. 'lfit;b· t~ thi.~lr;er air-foil sec.tion- and blunt~r lea,dJ,ng· edge-. 

(U) Tabulation• of the -perti~ent· :dAta fcf:i; .·J!•c~ ,regment·_.of 
l:he t;bree. ml,ssi~-~ ~re= P.~Jaented· i=n. 'l'~blea_ 7 ,.4.3 through. . 
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I' .SECRET. 
f11_1i1·Pa$8 h' UNCLASSiflEli) 

7 .,4·&, Gene;al pe:,:f'o~c~ data are··p.tes.E!liU~ tn. Fi,gu~e~ 
t._4-3 through. 7.,.4·.2~·. .sensitivit.y of 1111,s..:i.CI~ W:Jigt1t r;o 
~lght•eaipt:.y: vati!'ltlc.>DB 18' PJ:.C!~B~\tec!. in_ Figu_re 7 ,4•13 for 
t.h• asp·ecc--rati,o 3-.:o wing and .ln .Pigure 7.4-24 .for ,t\}e 
asp~ct· ratio -3. 75 wil'ig, .. 

., 
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SE£RET 1 
~ 'table 7;.4..t l:iONFIGURAT-IOH. 4QlB WI'ffl.A$PEC:r AA-TIO. 

'3 ~ o. SUPERCRITICAL .wnm.. WEIGHT s~y 

.(l."6·, 640:-L'o Airpla~e Withal¢. Tari\ca) 

.\ 

o l
.

.SJWIM -and· I,.RASM 

ea,;1c _0p:.,ating Weignt' 
Almmmi~io~ (SOO. ~9unCUJ)·· 
Tir,o AIM ·9"',iC"Missila1 
Fuel 
~RIJJ~: tt4~f~ :aro~• -w~_i&ht 
~a _Jbll 30<Hiall0l'l .Taaks •11~ Pyloris·
LRASM.fakeoff Gross ·Wei~h~ 

... 
J!Ui~ ·0p~ra~ng. W~:l.-ghJ; 
One ·Half lirnutiii::lan 
fuel for 20~M~ute :Se~~Leve.l ·ioiter 
s~ a~d-~M ~cl1,~g W~tgb.t -12,318 

~. F~~ ~SION 

Ba&ic_Operating.W.ei~ht
~,s-~1~ Pylon (ilemoved) 
AmmUniti:on- (;iOO ·a.olmda). 
z~ro Fuel.Weight · 
Ipterni.l l.1'1.1el. •• 
·'l'wo lull :OOO•Galion T-.s -~~, Pylons 
One -FUll l50~Ga110Jl, Tank and· ·Pylon· 
~a~ff·.GX'oa_s 'l_i.eight 

z~cr Fuel Weig\l't 
fyg illqity 600~0ai~on 1-. -~d Pyl~n•
One Empey 150-q&llon 'l:nk- and·.-Pylon 
fiv• P~~t ~nj.tial -Fuel · 
hent7-M1nute Sea-Level i.of:tu 
·UDding .: Weight 

·sEOREr 

,11.~779 
·124 
-285' 

11,940 
.4,,2_28 
-9,34,8 
,l.309

2,,e~·-

11,~ 
l,~6 
. 308 

6"54, 

·i4,1ti · 

-----------·---~----··-----······--·-- --------



Ir ·-,, 

·-

--E8t'1'able __ 7.4.~2 COMFUURAtION 401B WITH ASPECT RATIO 
3~ 1:i SUPiRCJUUC.A,l. Wilie WEtGH!.:SUHMARY 

(17,115•1.b Airplane Witho~t Tanks} 

Weightt.tesa 
_ (lb) 

1: SRASH and LRASM . 

BUiiie Oper_ating Weight; 
Am;u~n.ition (~00 R<Jwtdi) 
;rwo .AIM 9..x "1:sd-les 
Fuel 
SRASM Takeoff ¢oils W~ight .. 
Two l'ull 300"'.'~llon rank.:, an~ Pyi_ons 
~K ·fake.off ·arcs.a tJetght 

'B~•ia. Operattrig. Weight 
One natf' .Alm~i~ion i 

Fb.el for .20.:.Ml.nute Set-Level t.o:1:1:er 
SBASM and LEASH Landiug-. Weight_ 

'2. FERRY MissioN. 

:sasic Operating. Weight:._ 
Missile Pylon (Re'snQved) 
.Atiimunidon c,oo Roun~)
Zero Puel Weight 
tnt~a,l ·fuel . 
'l'lr'o Full 6~0-Gallon- 1anks ·and Py.1.Qni 
one Full lSO•Ga-l:.lon 'ta_nk ~d ·fylon 
'I'~eofj; Grosi ·weight 

Zero Fu.el WeigJ:i,t..
Two 'Empty 600..~allon ~anks .and Pylons
One 1:lnpty ·l50•Qa11ob _Ta~ a~d- Pylon
F.iv~ ~ercent. Initial Fuel 
TWenty..;Minutu •. Se~~Levei Loit:e:t 
Lan.ding_ Weight · 

-.12,249.
···2as 
j4a 

•.4,23~ . 
17 ;ll?-. 
4 •.838 

u.-953 

12.,2.4.9 
142 

·j79: 
U,770 

;t..2,249 
-124. 
2s·s _ 

1~;410 
4,,233 
9~-348 
l.!309 

27,3.00 

~Z,4.10 
1,506-

,308' 
654 
470 

15,348 -

·-
459 
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i} 
. 

C: t 
. .. !rt ,.,. 

. (\l:'i640--1b .AfP·v/0·i:aaka) 

-LONO-RABGE AD~SUPEIJ.mttn.. KISS%0H 
~~of£ Groas V'eigaat . 21,471 i.b' 
Takea££ Dtst:'&ul!,\e lwer 50 ~I: .1,94.0 £1:: 
t.and!:ng i,taea~ over 50 .ft 3,3 oo fc 
.Ac:c::~1 'E.ille. ll~•-' ·.to 1,-.S SS-,.8 aec 
Turn Rate.<@ 11!"0.B lQ.6. a~g/aec
!turn ~ta @ -ll--i.2 7-.S ·deg/rjec .iJz 

COHBAr ca ·Jo,ooo·! 
with ldesiles Sll~IIMIGE .Alll....SO,Jlll101ltrt 'IPSSIOK 
(~) ~.aa ;@ )t•O.,. Ta~aff: r:roaa -'W~lpt.. ~6,.640 ·111 
(2.). l:\IXOS @ H-1.z: .Taqaff:Di~canc:t1 ·av:~r 5D ~~-· 1.:'UQ ft 
Acce;i_ l(-0.;;_9 -~" .l'!'S La~lD& n~·taccie--.~er: so ft: .3.•)N ~t ·· 

.Accel .n.. ~-~ to i .. :s .$1.•,i •ec· .tis .n!.x:c. nim 11,at:e Cl 11-Z0.8 . 11.4 d~s/.q~c
'iui:a Bat• :G 11-1,2 li2' d.eglsec10.SSIOM JIADIUS 

~naui, 7.4-1: COii.figuration 401.B wit:b Aspe~. llatio 3.0 SU.peroric:t.ca·L Ying 
. . ~1pjp~ Pe_~~o~~c:e:·~:,:y ~O) 

.. 

r<'s_;-"·rn--n: 
~ . 

!~-
~ 
J)' 
~w -.!\!Sl,"' - .,\_,.•Ul ~-· I 
.. '' :\J'- i

e<· I
·-·-¾_u

\:.-' 

LOllO-~ A1&-Slll'Ell:Ol.%ff.~~ci- . 
ss,.ooo M-.,o. -s..2~-s~ 

_,4~.,,,~...41,460' ](...so . __ -~.&T ,--·--:--
,~~~ABQ. 
/ (2)' 300. GAi . STIil\'? COHIAT ., wmt rm.t. DmltKAL· 

~La·N0~-
767 H.;.111.I 

'XISSIOR~BliDzus· 

~~ 
·;1♦.a.."'E

I 5:hPOQ · 
AIJL-.SURilIOJi.DY HISSJOif';~· 

'IEltll.Y ·lllSS'I~· 

·- -1· 
-11.... ao . ----4ayo• · 

. - . a.. 'Ir.s-,;ijo, 
I

I cau:r,t Wl'Dl lm:llW. ..,
·1 -~. (2) :600 ·GAL + 

./· .(1:). lSO ~' f . 
'3071 H..ia~ 

I %AR$..J&EtA1•· 

ICl&SiQ!( ·J\A~· 

____......... . 
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·• ll00_:1· -~-- lt•.90 . . 54,. ~O • 

AJ:r,· 
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I :~x~ 
,. (~)·.~ ~1. swt· catPA'l'' ·wm ruu. -licJ;EaWLi nn;r.•._m ·nns,. 7'4,-.H.~ 

-mss:m■. UDms· 

'l'ED.Y ~S~ __ ...,
H• .,80. 

:.-- -. ~ - 50~2001 f 
·r'l,.99q• 
/ CKOISI 1fi1'H EXtEl.iW. I 
t -mu.. <z>. •oo cw..+ <~>- 1 

-1'5D'GAL . I·/ 
· 3~52 ·,.m.
I . TADS .IEl'Al)JEP' 

•s•_~i: 
SBOU.:..aoGli: ffl•~EU.ORP:Y "HtsSXOH r.at~'iA.Na Au.~aI011ir.. ·mss1w 

rakm~ 00•• 'veigbc .11:.-i-'3 l'b.S:S'-Q®' ra"-eff!:.J>ilf.1;S,;ice ~r· ,~ ·ft 1,,,10. 'Et; 
·J..aa.Uag· Dub~ ~er ·s.o. fl:·. ~.J:10 ft. 

S,%,370' i'c~ U.1. ~.•9 ·m 1.:5 6'2.6 -aec. 
~- uu {!- ac-20.•1 1,1.0 d4!sf•ec· 

.-

'fun Jt.a.1:e ct K .. 1.2 ·,,.1 deg/■~ 

SBQR~UR~ -AJ8,-$1HRIDB:t'ff IIISSIOII _. r.l"l ·"Tl(:Olai.A:r-g ·30,·oo()' .. 
T&'lceoff.Gnil• irelgbt: . L7.H$ .J;b. ~-1··,2

wl,t.h, -••i~•· •'.fakeDff; D~1:nc_e over ·,so ft 1 1330 Jt: t!ii: ··&,
(J> 'tiims@ x-o.-e. .:t.anC,:lng l>~•t'Amc•· aviec ~o fc. 3.~ :Ee; ~ ~-
(.1) ~- Aei;:el r:i..e. ~~.,:...to 1.s: 5.7.~. ~ec,~.2 ~ mi·
Ac:ul K-0.9 to· 1.S- '.Dam ~~•..@ ll-2Q~·8· 1~,7 ~g/•~c ~/'•\~

225' H. -~ 'l'\l.m: a.ate <! 11•12. ~a.'J. ag/sec J f':-~~. 
'..JIISSIOR' IADUIS -------~-. >-- t-r~~ 

""''"-~ Aci:.. ('1\ c-
~ F-!gure 7;4-2 (JciAfiF.atian 40iB Yil:h Aspel?c-R.acia 3.7S -Supes.-crii:'i.cal -Wing ·.~'t,\,~. 
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Ta.blEi° T.4-3 COHFlGIJRA.TION 401B W·ITH -.ASPEC'l RATIO :J.-0 
: SUi'ERORl'&ICAL··WING LRASM MISSION TABULA'l:IO!f U) 
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88th ABW/IPI" 
FOIA (b){1) 
- ; . t . . asec.lW!l~flw.'!l!."'1. 
1,4; (a)(g} 

• 

M1.ssion l'hase ~eh 

-,..;,if"f4'1...._._..,,. 0 
-~gugg. Qem;:-o..•on 

0 
&.. - .., ...-.- ... -.:.._;.. .,,..,__,1 ·. 

o•.s9. 
_,.,_.;-"'"!b ..ft _,.._• ., - ~ -Alt-

0 oo 
2!atbogol.1 ~ti."' 

-0-90 
·r.ombat 

---A~~§.Lli_0 ,.2-W..~ l0.9~1~ 
__!~Ml......~.11-Z 

£3 )~.lQ...S !N;nia D. B 
......__: ...,__,...;.__. 

... .. 
o.90 

---- Ji.•-- ' ·o·.90 

r::lim2 t" "-:-•' --- . 4'1 .. 
O,.!JO"!".i-•··-- ,.._..~ ..-

·O.lilu 
-- .. -· 

0.2-'> 
... nd.i..n 11: ~.,.,..;...... 

'· .(20 _u-i:~ -,._ . .,.;.__ '!'t:' . 

,z.....c,M..,.;••-1 -..,.....-...._ 
... 

.. 

S.UPlmCR.I'iICAL WING SRASM. MI!\;S"ION. W.ULATlON (U.); 

1\~~ w7f1lt ~1~~-.. ~ '~ :1··- . 
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t· (U) Other than.an.eval~at~~n ~f t~e aerodynamic-canter. 

l 
... -loca.tioq, •Lnce .there had been J~. alteration of wuig~sweeo 

.a1'gl~. Jn_d ispeet r~iio• no itt.e111p.t WH' mAde .to ea~ablish 

.spec:.tfic;- st:abtli~y and ca&'l'ti:ol c~rac-~erb~ic• f~r tt.Je 
,f !IUJ>erci:itii:al :wing study, Th~ vad~t:ion of •e~_dynamf.c:• 
,. -cente-=- loc~Uon with Mach .itu•~ ts prea_eQted_ in. f~gµr,.
l 

\ ·1 ..s-1 fot .tbe l;lD~n~ des!~..ab::pl•~'!I~-' ·Alao •~ -in ·this 
:f.tgµre .for camp._r.,tive puqioses ~• ·tbe. predicted ~ri;,4~amic• · ., ceater iocat'ion fot tl:le·- l!uic' 40U acin,f~urad.01.h.. ·. 

' ,. 
(ij_) ·wttb the a~ception of'.tbe aerodyncc-aiintet'· location 

~oted a}ipyJ,, dj.e· ba,to stability' and ·-.control par-.ters fo_r 
the: aele~tecl.J1uper.erlt;l.c~l ,ring _poln_t-.-d_edsn ~on~~ratioas 
are -•~~lar ·to ~9a~ pz:es_e~ted·. :i.n Sectian 3.4 for the 40J.J 
QO'nfi,suration. . . . 
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SECRET 

7 , 6- ~llUO'tUR.ES AND·· "WEIGHTS-

~ The -t~o. ,4.lt'plane.a: -s~t._e:cte.d· from th~ ptr.am.eta:!c: sb.t~y 
· weTe. exuine~ i~ Qetail by µs.e of· the -~ame technl~ues disr 

cussed: in Se.cc.ion 31-5.- 'rhe"ae -airp.1aries haver an up.ct ·r~tio r 
of: J-.-0 ·and· , •7-5.-. Ilii'lat ·411ca for w.eigh:l:ng. theae· a:l_r:pl•n~ 
:w.etie obt•S;ne4 from= t~e' "des~g~ layouts ~ho:wn in Section 7-;'l •. 
The resulting weight :~~ea~~~~ are _1_1ho~n tn ·Tab.le 7,_6-t•.A 
s~ry· of: ~ha ~enter-of-gravl-t:y -condi-tion!J .-for the various 
minion- -ioadi"ri$!1 is- as folJows -:- · · 

)lade. 
Dperat;l,ng. :.zero C,:-o·s11 

Ci:,ndi--t-lon. Weight - Fu&l Welgbt. Weight 

Ai:-3.• 0. 

• SRASM 
. Wej.gh~ (lp) il,8-35- 12,468 16.8(]"0 

C.,G •..(% MAC} 26 •.6 ·u.s 23.L 

tRASM 
·.Weight. (lb) 
_0,G;. (; -~~) 

·12_,S63 
26, 7 

l~,316
Z6,0 

21.638 
:24;1 

~,t525 U,810 27,000 
26·;:fii 25·.6- 24.-8" 

AR 3,75 

SRASM" 
W~igh'f;:_. (ib) 12.~1~.1 i~i764 1.6,800 
C;g. (o/.. MAC.) 3.1.-9. 31.l 2-a·.• 9 

wsn 
We1ght (lb) ·(2·,979 ~-;612 2.1;638 
C,G., (%.MAC)· -a.1.5· 30,.8 28,_1. 

ll•I_Bft. 14,106 27,.QOO 
31.-2 .)0.-O 27 •.7 

..-

48:3 
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.. Webbt' 
Item ·, AR~3,0 All•3, 75 .. 

( -S3"02) ( s~:61)Stt\11;tur.e 
1400 i67t· tUt1g 
2608 2636. J'u!l.elage 
368 336 ·Horizontt1.:~ Tail. :no 3·02. Ver·t-ical Tail 
616 616 :Landi.~g ·cear 

( 3530) ( 3530) Prc,puls~~n 
2737 2737 E_rigine~ 

32:Z 3i2 .il\tr· Ind\lc_tion 
Fuel _Sy~tem 421 4~1. 

22 22 Engine Controls 
-28 28 Starting Sys tell! 

' 2603) { -2"641} . S.ys·tem and Equipmen~ -c 
.Surfa-ce c·ontr.cils 468 48.l .. "tandirig Gear Controls ·115 11~ 

·.94 94 Iiis.tnuilei')ts· 
2H .288 .Hydraulics .and· Pneum.11ti~• 

·Electrical · 36i 3.70 
Avio_nics 460- 460 
lr.1,1rnishuigs. 238 '23$. 

142 142· Air Conditioning 
453 453· Al'."!lllLUlent 

U1_435 11,732 'Wei:$ht· hpty 
( 400) ( 399) Usefol. Load 

200 200 Crew ., ·23 22. Unusable Fuel 
ii 17 Eng~e.91'1, 

,Miifsile ·li.iicics .and P.ylons 124 .. 1~4 
"36 3.6. Misc.e llaoe01JS . 11,8~5 u,_131 B4ts1c. Operat1n·g Weight 

( 6.33) ( 633) "'faylaad 
~o (500 i:'ounds.) 285 285 
Misdle_S. (2) 348 346 

Zero Fuel Weight 12,468 J2;164 
..4332 Fuel .4036 

\ 

16-_,800.Cro~s :Weight 
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-,. d~sign :trade:off s.tudy Wil!I cQ,1d~~t~Jl ·.1:~ dt!t.-~:l.ne ·how 
th~ .pctentia.l weight reduction fi:0111 -th~ u.ae o·t ~OJDPosite 
liiilteria.ls should bia used· to:.iilax·ilµ.ze. the -.n~°"er capabUU:ies, 
t~e: study tietded, the .foli.owir;tg ~~stilts: 

-~-- The weight: reducti.QD sho1Jld be- .ua.ed to chaoga 
&spec~ radoi 1.'l.i~g- ~oadin&t- and ai_i'i:re:ft size 
simultaneously .racher than. ·any one·. vill'iabl~ 
separately. · 

. 
2·. 'iite degr~e of· change ·of· -each yar,iable· b de.­

·pendent upon .t::he· ~gree· ·ot;_. c~~i~ .~ted~t-
-~·a•ge in th~ ·:ai~J:::aft co~ati::µc~lon. · · 

3. ·T,tie best c'oml>in&t;lQrt of" variables :ts· clepeudtint 
UP.Q.~ ·.the aspect of the 111aneuver capabU-ic·y
ttiat is to be m.s,,c;imbecl. (i:,e., inc·rease1f •ub-
8.all:l.c t.urn· t11..te r~qultes. ·:!:nor~as.ed w_fng -aspeat­
t!l-1:id ~nd :sJ;z_e, whUe inc:-reaaed acceleration 
~ap•b:l~ 1 ty require.ii the oppos-i.t:e. ) · 

'?he foll,owing setiction 'qf·-var!aples· ls for· 
the tas~· whf!re turn :r~te· 11.. max·lmii~d whtte· 
SCi?t!!leradon ·tl:aie ·between Mil~h '.0.'9 a~cJ· l,5. 

: :ta· ·held c;.ons~•~t, .Qoth--t;~m r~t:e •~d .ae.ce·~­
et:ation a-r~ -for ·n!Bd111um power and 30.o.oo~ft: .. 

;

i a;t1~ude ·conditions. . . 
•'' 
? 

..~ ,. ·C:Ompos(te -Oo111pQ11_i~e .All 
f.-aramete.i- Al11Cl'linum W1ng .W~ng, 'i'4U; :.CCJll!posi~e... .. and Inlet .. .. 

Ac~~l "Tiule, sec 35.5- .l5,5 ~s-_.s: 3S.5 
ij,B· de1/sec !hY 11.-~ .il.8 u,s 

.. 
Mi.s:l.eill Wt, 1~ 17,.115 16.s!fo. 16,2.70 1...s,·~00 

~pect gac10 3 •. o. 3.3 3.-4 ,· 3-8 
w-is psf .60 54 47 4S· 

11:W .. l-.37 1.42. : L4.5 1;50 

' 

' f 
1:. 
I 
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8.J. 'STU~'/ .P~, ~o n,;siGN iJ~rA 

8:,·l.,·l St;.~~y ·r:--.an 
.The.:plan foltoweil in the c~poslt• niliterial .:study- on.{U) 

..Configura~io1t :4-OiB sought ~o.· ~etemiae the ·bea.t· way tQ. u•~ 
the ·weJ.ght. redu~_tionJ -:re ■ u;tt!?,g. ft'OJII u.s,e· ~-f cmpodte 
'IU.tl!lrlals to ~ilBize .maneuver. c·apabilities ,: .Th·e ~ire't •~~P.· 
vu the establtsbnient o.f .a matrix of variables: tQ be con• 
Jide~~. The .secDli:d· step .was ih.e .a~iectton of ~Qeµv~r. 
condltlons -t·o use fo.r' t~.e evalua.tl~. 

:S..1:,.-1.~l )fat.i,ix of Variables 

(CO A m~trix ~f v•n.a~les ~as J~lec~e~ to de~eradne ~be.tile~ 
.the. weight; r~~ct~ona· :fr0111 c_h~ use- q(· ~omposite matedala,. 
·s'hou:ld. be• used• f~t increased .wi'l'!g ~pect: .ra:t:5.0 (All)., r.~du~~d 
;,1ng loihU,ng· {ll/S) •. i:-e~!l'4 ·af:i:-~~•·ft. size, o~ a. .::0111l>i~at;!qn 
.Qf· the. t~~e· to m~x~e 'i:he m•neuv.er •cilpa.bilitiea.. 'lha.t: f.a, 

. 1~~:\1:· ).__... ·l-J4li"iraum ·t~rn Rat:_e 
·tow~r ·w~igh_t· - · Smalle·r Stz~· Minirii!ae Ac.eel, 

• (~igher •'li./W) 

r;;) ·The. mattix of -va~tabl,es, seie<lted is.: 

Mission ~¢igh~ (Ai~c~aft
·sf:ze)~ 1b. .• 15";_600 ~ 16:;BOO·; 

Wijlg i.oacling.i _ps f: 4.5., SO~ SS,· 60 

Asf?ect· Ra.tlo 3j 4.,. s. 6' 

COll!posite .Mater-id Cante11t i. ~~M. (di .ai\1111,t.t1~},
2 • Wing an ly, j ,. W'ing , 
.tail and in-l~t: :duct, . 
an~ 4-, Max~m\111\ .usable 

:'the: .othe't ei;m·f~guiation. var.tab-lea· _(i.. e .,., -w~g t~a:a~.s­
edge .sweep s;tigle,. thickd_f!ss -r•t~ 1 ·•s:td ~~per. ra.ti.o) ,a,:e hetd · 

-~p.n•~~nt: to kt:1ep tli1e:-·mat;r;ix of va.r-iabl.-a within a :reasonabla 
size·, .atso, the p-res-ent value·s are. felt to be near o_pt~UII!-· 
Jlyi1:1g qualit::f.es and. lift .an:d- dtag cc~si~a.rationr :have ...ihow:ii 
the l-5-degr_ee i~adl..ng-edg!!.- sweep t:o·be dedrabl.e =for- an i&b~ _j 
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·•·~·uperiorii:y ~ighter, Th~. requirement fcrr -su~,r!!~nic aper,.. 
tion restdc·es the wirig thickness ra~·io ~ci a lo:w value. ·The 
t:hickna:i;i ratio. o.f D. 04 an~ th~ tap.er rati~ of Ci ;2 were held 
~ons,tant ae ·practj~_al valuea, j. 

' 8.., l, L 2 ManeuverCondltione . 

(U) Two c·O'n'ditions ·w.ere s:el~cted for. evaluaUng the. ma~euver 
c_a'p4biUt;J:es of the vadous cOlllbination of viu'}.abl~,,._ Both 
CQ,:tditl'ws a-re fot' \Ufix.l.111~ power operation at ~p.ooo ·f~ei:. 
Ope..eoti.diticin is ·the 111aidl!lt1m sust,:t.rre.d -turn rate at Mach o·,a. 
which is representative. o:( the ~tgl:t-11ubson:lc,~speed turning
p,or,ticn c!' air-to-air cp!!!b&~. The second condition is a: 
l!!v.~l acceleration from. -Maob 0.. 9 t:o l. S-1 ·which gi'\'o :an 
:ins·ight. into· tbe supe.rsOlliC..c·ap~~ilities • . ·- .._. 

Maneuver capabiH.ties attained wb:h .. the -vado~s ~ombina-· 
tlomi wete coroj,arec;l ·at .the· i;oi_d-~oi;ibat:. :weight for- t.he ·tong-, 
Range Ait'•$uper;odty M_iss.fon (LRASM) wit.h a 750.~n;mi radius, 
The -r~s,ilts ,are pr.esent~d· -.S pl;_ot;is qf t\lra r~te versus ~cc~l­
erati.On tj,me for. e_acb level o'f comJ)odte niater'J:.ii.l usage. 

In this:. sub.section, the maciu~r i~. which: the dea.ig_n dat« 
wer~. deriv~4 ia,· dBllC.J.":1.ped., \;he grou.t'ld ·:i:'u}.es which .go'ie:ined 
t:he <Jevelopment· of the data are defined_, and th¢·· g~~etr~c 
data tluit formed the basis- for .the.a~lyti,cal o~dies ~re 
sumiD,.rlzed, 

The matrix Qf 48 airpian.es described a.bove in ·Subsection. -
.Ii., i. l wa.~ develop~ around the -three srowth data points 
d·eriv.ed- hi the ·401B growth. study· (Sub·eecti;'C)n 3, 1.1). The. 
da-ta £tom th~ three gro~~ .data p0in.t11. a~ ·111iss1on. weights ot 
J:S,60Q., 16t80().1 and la;:0OO pounds wer~. •xp&1'.1ded -to ·include 
the fou:r aspoct· ratios and four wing 'loaduigs ·tg. dev:e,lop 
the desired lll&tr.ix.. for the. par!lniflt,:-io invest.{gatf,.on.. Vt;iri.a­
.t:l.on{l in fu,~t,ge., · wing,. ~n.d tO:'f.l rnidacea w~re govenied ·by 
the 119 t ·at ground ristes·1 wlii~h a-r.e: -summadzed briefly ~·s 
followu 

rl, °i.he vaiu41a ~/c =. ,04,. ALE •· 35° and A •.0..2.. __\.. 
remain cone,ta.nt fo't an· wings. j 

--~-~~=-----I--,B~b AB"Ctf!P) ••"7"hr1r 

48.7· 
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f2. ,rbe C/4 of an reference Wini!&. ~• loca.tod ·•~ 
a. constant; fliolage: ~ tat,iou.• 

,_. 'tl)e norbcmtal aud ve-rtical tail moment. a~ .(4·1~.­
tance from ~/4 wing- to c/4 ·of t~e tails) is. cons·tant 
ac a gtven a\rcraf-t_ miin; ~on weigh·t. 

4. The st~ing_ nc,,diontal tail planfcm geometr.y 
_rems.ins constant. (AR. • 3.0, · A "' O. 2, ~1:ld ALB • 35°}, 

.5:. The veri;:tca.~ tatl planf~m g!3omet-ry re111ai11s. _0 _ 
111cqns ta11 t: (Alt • l. 3 265 • ).. 0 • 4:1 and Au:: • 4.S- ) ,.· 

fi.. ·Th, hor-b;ontal .:tatl __and :v,ert;i"cal taiJ ~oment, 
arms vary a:s :aircraft· miss iQl'). =weight -vaties 
(scaled acc9rdf;i_g 1;0 the square ·root of· th•· 
liircrafl: gTaas·-weight-:catiq) •. · 

• 1. The i1d11 -dist~c~~: ta the ex.posed- wing toot· chord 
expo_sed h9rizonta1 taU chord\ (measured -from 
airpl411e cent;ed-inl!!) remat1f const~t for ~ given 
air-era.ft· rd.s:siou weight. Thls 11~ 11 ~i-~nc~
vades as a- function· of .aircraft miss·:t.011 ·weight 
(scaled° ~c,i'o.rd~ng to the. square· 1:oot of the . · 
gr·0n-weight l'llt19), · 

8·. The r~tio of· the exposed horizonta.i tail area 
to ttie. sizing. tail :at-e_a r~•iui, .·consi:ant a:t a 
v&tue of O~ 866.. · 

-9.• , 'the vertical tail &iz~ _.11! C.Ons.t;ant .for a g~ven 
miuion. weight; apd· ii dJtermined- by a vertical 
tllil coefficient of O.OJJ (per tail) at1d, a 
wing geometry defined by A~_•.3.0 end 
W/S· .. !>Q psf, . 

10. r.or G given «.iTc:s:aft ·:'!!1int~a weight, ~-
S.nitia.l, sid~g horizontal tail ·1s· determined 
by· i horizontal. tail v.oli:Jme: coef.ficient- Of · 
o. i 26 aod- a: willg _geo1111rt;ry tJefi_ne-~ by AR s· 3 , 0 
!l~d w_/s -~ 60 ·paf., thh establis_h~e a h.oTi-
zont:al .tail &rea t;o wing_ 11.J;"ea. Ta_t:f..q. O.f O, 202-~ 
As wing· gepinetry cbangea bec_auae of-. co~ea­
ponding v~r.ia-t:i.ons .in asp-ect -tad:o and wing 
loading, ·the -sizing· horizontal tail area ~. 
·deterDlined- by k:eeping the arf!a r11.tio of o.• 20_2_J-
cone tanc~ . 
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ll,. F-use;lage.. leng·t;h .is ~onstant· £.or a gJ.ven alt-

·•. 

:cra:ft d:eJJ'.ign miss-1,gn w-eight:. As niia&ion . _ 
weigh'~ ·$.a ·var;Led, the f'use·lage lengr;~ :l,s sc"·~ed· 
as. .a ·£UMtioa .of° the squate 'root-of .t;h~ groqa­
we1Jht tat.ip. 

(U)' ~t.ernal a.-J,rplape comparisons that- ind1~at;e t~~ ~f~.ct 
of aelec~ed variation ■: of th~ ~.tr:lx 011 the..ai"np~e i.rrnge"'. 
ment:·. ate .pi'esent.ed' ~ F.~&\1~4! 8. l-1., •2, ~nd -:3.,· These .com­
padsl't\a $.hQW t;hi! ~(feet of v~ryf.rjg aapec;~ ra.ti.o -!lt a .cqn,·t:an¢­
w~g. lo.a~ing·.aad ._ai~C'i:'aft ,miss.ion welght (J'i&ur~ 8.. 1-1), t~ 
ef~e~t of" v.a:cying.·wi:ng loa,ding at a c0J1s.t~.t ,wing u,pec·t 
ratio :and...give;i mia.sion· we~ght. (F.igure •8., 1,-2), -.118 ef.fec.ts-
o~- yary~g: &irc;raft ·ms.s,tcm wei,abt a~ a corui t.an.t. w;lnz. aapeci: 
r.~Cio and.. wing ·loaduir; j (Hgur.e a. l-~).. 

... T~~ g~ometry for each refererice .wing ·of the 48.-~i.ne 
uia.~:\.x ii, ·de(ined in :Figured 8•.1-4·, •S• -~d -6. The· ge_olietry 
of. uch pf tbe .si:aifitg h!)risonta.l taf.:1. pl&nfo1:J11S ut:ilis4ld .f.n· 
tha ·study .is r;lef~ed i:n i~gun. 8.,1-·7.. TJ:w. gaame~y ·(or !!l&!(!h. 
of "the .-yerti.caL tfti;lil° and ·vent:ral finis of .tha·-m&ti:-ix -is 
.defin~d :tn· Figu;e· ·8, 1.-8:~. · 

~ The rfil!ference wing ·area vadat;.19n -I.$. p.ia~ted a~ a ~iJ... 
tion of i411g loading fo~ 1;h4! t~e!!l .misslon wej.gh~s in Figure 
~ .. i,-9. The ·vad!i"ti.on of- total tiet:ced ar·ea. for ~ af:rtµ;:~t 
con£:!gurat1on is plo~~ed, aJ ~ ~~tion of. wing ~•p~ci ~ati~ 
and ·Wing• ·1oadi-qg ia ftsur~• .8:.1-tl>-;- •U, and -:12· for .a:l,rplane. 
111i1118':f.on weigqta of- 15.,600.t 16.1 800, -aiid 18 •000. paunch~, 
reepecU:v~ly. W,ettecl..:U~a va~_iaticms fbr the various· c;om• 
poneqt:s ~ the· matrix are •~tin·· plQtt:ed. -ir:i fi;gur_es. B.:1-13 
t:hrough ·$.J... ~8:,, F'U~tber ~plariat:l_on of the defirt:l.tioli ·~f 
-these .c0111Ponent"s aa · they. relate· td. w,et_t,d-~ea :~ild\lp -~ 
p~~ent.ed in the .!towth· a·t:1.idy a.ppr~ch ~on.tab\ed: :f.n 
Subsed.tioo 3-,.lJ, L 
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