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~ l..ong.,-r-~nge_ itlr-sup_er.ior1t-y -~S!ioos- ·(Ll>~M) we_re c~m-
puted =fo.t: ~(Li •th~- ccm.~ina_ti~ns -of aspect r_,uq, -wi&'!g_ .l9aa1Jig, 
m_ts15.fon we~g!l,tir, .and cOl!Jposlt~ conterit -. a t~t•1 o.f 192_ .-~~-r.t;,_n_t.¼i~,~~h 

·con_figu~a_cions. Vor·•e4ch eon_'fi_gur"J_tl~n 1J]. rds_~-1~_-~eight • ~ 11 _-t:,[ \. 
.wa.s determin•ed tu yiel~ l;lte. desired .7~..,-~_.mi -~SM_· radius. ~()Jt 2~ SEC, -3,.3. 
1:-~r jfac~ camp.osite. e~t:eni. ,. ·t.h.e· aap~_t·-r&tio/w-ing-.loading, (6X41: · 
c01nbj.natJ.a~~ w_~re -opc;i~lzed to ·gtv.e the·iliaximuiu "t:u~n rat.t . 1.~.:~)(Q') 
a,t ~en· o·. 8.., 3:0,.000 f~_et:J... 

.I
L......C...---'-.1-==------1 

~ · . I~ ~igu~e,s- 8,'2"'.:1 thr®S!'l ~-~-4,..the var-lat-~an of -tl~~SM 
r1.1dius witll 11_1issiori .we-ighl: is olocc·ed .fi>r .each ,~g-lpa..db.1_g/ 
compQdte:...c(?n_1;ent; colllf in!l~ion for e~~h 11,Spect ra-tio. The · 
missl~- w~~gbt f~i:-. ·th~ ·1.s0-n .mi ~8":· ra,U,us £.or each con-
_figum_tion· was_ d_ec·~rm.-.it1,ed. ·frD111 ·.these-.curv.e·s., ·· 88th·AB, · 

~ ();.n Fig~re.~ 8,-2-5 a_nd a.2_-fi •. -ti~~ tu_rn -r~te· at Mach ·o_.8, l:91i .. -- . ,Yit~~B~: 
· · · 

'3ot900 feai:.-•.and. accele·rati!)n tim~ fr0tl\ l'J,acb__ o·.9 ·t9. _LS: at t~~~:{J §EE;~ {J) 
·30_100.0 ~.c._ a.re p-,:_esen_ted·. The m:~ssi~n weight~ for, tbe. _750- · :l~J IS ..; 1/. l <;;e 
n !~11i. LBASM r-adiu~ --are marked for each: c.onfi,u2:~tion'. Qf -c.'fs (~µ ' 
apsec t ratio, wing 10&1.ding-1 a:nd coillpqi;i.t~- ciontent ;-_J· ,..._..,._...;..·---1----_J 

· · · ·1:ne ll)iilSioo. -wei:ghe~ :de"· 
t;ermi'led from F.iguree 8,2-1 

!ur-n .rate. a.~tht:augh 8;_2-.4. ·and· the. ·tur~ 
constan~ ·w/s W/Sr.ates _and ac~eler~~ion times 

d¢t;e~!:(ed tr~lli ,Fi"giµ-es -8-.-2,.,5 
\ . 

~•t.con~tant . 
miu;l,:on 
_weight--

._·.1/ 

·"BEST TtJlUf. ~T!;1 Its°and 8 ;2-.,.5- ar~ •presented in 
Figuns e;2-..7 thro1,1gh 8_.2.,3:0 
(or e~c.h ,level ~f- co~pos.it.e · 
c.onte.nt. A cOlllbination of· 
up_ec.t .:c-adio-, .1-ii~g· loading-, 
and )ll;µasi~ w:eigh"t · -for·.~es-~ 
turn rate was det1m11ln:e,d bj 'l'urn 

·platting: lines of oonstant Rate 
·miss:Lo~ we;tght on t:be. aspec"t.!" 
·ra tio-v.s:-turo-rate cl'tai:t and 

. tff.cktng the peak-. val'l_,le_- ot" 
turn tate .for- e.2eh miss-ion 

:Wei-gbt ~. as illu·sfa:lr.ted. in th.~ 
s,Jc:etch_ __o!l th~ •r:ight:.. .• The 
~~st conibiriatioa--~: ·noted ·i,y _--ru.rn -rate ..at const-ant-

· a line labeled ·,!»£ST TURN ndsliion weight: ~ /
RAT.!11 O!:i eaqh . of ~:igurea e.-2"-

.. 1- th~gh ·s.. i-~o-. · As.peo.t'JJ..a~ 
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.[~be c.olifigura.tion$ f.or· ~-~s.-t turn rat;~·at eac;h tevel ~f 
CDf!lpos:i.te. c.1>n-t·enc: ·are P..l!e_s.ented "irt F.igure :a .2-ll, 'this 
.fiGUre- prea.entif wi~g loading, -aspect ratio, ilncl misB'iQn
we~ghc· for bes't turn rau vei:sus the reilul~ine; acce.l~ratf;.cef 
tiiaes ·for each compo~'ite- cQlitent. seties. 'lhe ..cqrt of ~n 
rate: v.ersus acc~lerafton dme ·sho~.s · im:;i;-eas"i.ag ·time to;. act:e-ler.•~e £.or ~creJs:~ ·_in ·tum rate ·foe- each_'· coillpoi,ite coo• 

.. 'tel'\t series-_, As. tu:rn rate is ·increased, the 1ai'i1sioii' :weight . 
arid -aspect ·ratii, increase and wing loading decre&s.es. Com
pa·ring_ composite conte,;i.t series --~ ·a. aelec.te~ ·.a.cc:.eiera·t$.-op 
time: shows. 1111 in~r~a·s_ing tUrn ra~!!, misdon··,,eight• incl · 
asp-qc.t a::atlo with de~~eas.ina wing· loiading. :1r-or e,c:a1npte., at· 
.ii 35 Jr-,recand .ecelerat.~on ·c1nie:1· a: -~Qmpariai:011 of the 11;11• 
alwnlnum 11.tid all.-compoa"itci c.1?n.fig~:i,a~ions is. :aei foUows :· 

Aluminum .m:imecsit:e %'Change 

Turn :Ra~e, deg/aec;i. 9_•.9 I~.; + ·36 •.) 

.Mission Waight, lb ·17.,.1,15· u~·6oo -· 8 .8'. 
Aspe~:t -Ra-~io s·•.o 3;"8 + 26.1 

.w/s., ·ps.t 60 ·45· .. ~,.oj 

l_ 
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8_. 3: A,ERODY.NAM'ICS-

(O )· ,With. res_pect to ae-i:oayna111ic$ the~~ i~ :,t mi.~~ix- of 48-
·airc.raft coi'lfigu-ratl.on$: 

A~ ~- 3 •.0.,: 4, O·, 5 .O"" 6,. O: 

Wls "!' -45 •· 50 r s-s, a:c:1d _6() psf 

·G.,'lf,· • 15,60'0, 16,800, an.cl -lS-t'.000. 1~ 

rhe app'roach ·1s !=O gener:ate compl~t·e aero~)'llaaiics d.a,t~ ~o~ 
·e:_ach ~f-· t:he- .a-specc ratios at· a· refer~ce 8~0.?• ~igbt·.-an~ 
·wing -loa-a1og, · va,:iat:tons ~n g~os• ~isht: and wing 1oaain_g 
f~om- "the_ reference --B;J;-~- -~lien gi~en $S increc'llents. in -minimwit 
dr~g_, The·: fund~entsi ~sumpi:ion here. is thac:-,1 to a-. firs~
order. aud1sis-, :changes :l.n ~itpl~ne ,s1z, or .,,:1,n8 loading ·do 
·not; a;ff~ct:- the ·ind_~CIJ-d:,;dr~g ·caeffi.o:Leri·c·... . . 

(U) . The refe~enee· ~ss. weigbl:·.a~d.w;ns l0&4iE!,g_ ,re '16,800 
lb ancJ .60 ·psf· r_aspectively. l'he ·refe.t-ence All • 3.. 0-.da.ta ls 
that of the 4Dt»· Co~1gurati!)~ _d.1.sc.uas~q in_ ~e.ction 3-. ~1.1 
pla"n.fQ~• --~_ve c:ur-ved U,p_s sim~lar to ·1:~ 40lli' .airplane; 
:::~~-f~re~ th._e ·true •~P,ect :ratios. are 3:.2·, 4.~.7., s.3.:,, a~ 

r 

B-.3 .1 _MinLn~m,.-Drag 

(Ul · In .P'i-gure 8·;3•-l 1 .~Diain ·versu111 MG4lh number· is. plott~. 
fo.~ ·the i:-ef!l,renc:e :co~figura~ions at sea levet. The: metlioda 
~d p_rccedµi:es .&J:'~: the same· as· .thou· descri\,e.d in S~ti~-
3.3, ·1:be aiiNHiule· prodeciure· (IC3'S) was usei;i. to cpmpute· wave 

.drag· for each of the· conf-ig\µ:'a.t:io1oi sltowa. l'.lie minilllUll'i.,.cJrag 
c:~e~fict~'t. at other aititudes. i,iia.y be inc-re111eiited· by· t~41-. 
~n~a.shmm- in Figure 3.3~1 of Secei~ 3.1. 

·The ~r~at;io_n. il)-minimwn :dr•g -,s a. .-func.t:i~n.- of gro,s_s· 
weight and ~ing. loading ia plotted 1,n r.-J.gure 8·, 3•2... The! 
incr~e~'ts_ s'Ji:~wn ar, f-r~ the -hfe1:_e~c~ ijO-ps~ wins _ll>idfiig 
ani.:I_... l._6,800-ll>: grosa wci.gl\t and are appti®b.te t? e'l-1 aa~t 
-ratios, · · · ., 

~-._3.,2 »:rag ~J.&e ~0 Li~t 

{U) :riie drag dl.le ti;, lift for the. All .•:4 ..o, s...o/ ~nd 6-.0 
w.i.r:lgs· wu ·obt!!i,f.n~d. by a~--plyf,ttg -a:spact-:cado -C01'.~ecd00s to 
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the. drag. !Jue to lift of th~ Configuration 401B air.plane 
(AR:;, 3·,o). i\t subsonic_ speeds, the· ccit"rectioii ·is_ !!limply 

(U) At. s11pe.rsonie. speeds. the lnduc~d. d~ag fa~tar, 
K (=. CD /cL'l), b predicted· by. t;be [!ietl'\od $iv.en in· the USAF 
StabUi~y .zmd Cotttrol Datccm (Refer_enc:e 9), -this me'tt:iod :1s 
al-so _given in R~ff,!r.enc~· L TM ·ratio of the 1ndu¢ed-<ira•g 
factor is ipp.Ue~ tp the t,Olil drag..d.ue.to•lift de.ta given. in 

·£ec~i?n 3 .• -3: 

s,·j .~ Trim ··nraa.. 
(u) 's.tnc.e tri111 drag is laz:gely· a functia~. of i:;ap Jo~d. J;E!• 

quired ·to trim. and wing-span -efficiency., i~ is as~_waed that 
trlm drag is prdport19nal, ·t.o.i~duced drag~ The same .r.ati._os 
tip.plied tfJ th_e ind~ced d~ag ar.e also applied ta the b:aselif!e 
trim drag .. 

8. 3,4 Tr.i.nlned Drag Polars · 

(U) The subsonic an4· S'IJP1ilrsonic drag polars for the .aspec.t 
ratio ·4.O·i, 5.0, imd 6,0 wings..•:t the reference groes weight 
a_nd wi~g loa~ing are presented in -Figui;ea 8,,3R.3 ·c::µr®gh
8,_3•8 ! .. 
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(This Page Ji ONCLAS~IFIED} 

6 ,4 STABILITY·, c;6t,17!'{0L, ·.AND ~NDLI~G QUALI-'I'tES 

(U) For the coniposite-mace-cial li.ircraft "'8tdx study, 
similar seriet:al guidel"ines were g-iven for reillifit_;ic dzing 
of the ho-i:-iz0q~al ~nd v.~r.t;ic41 stabl.liz:f.ng $-urfa(:°es ·li.s was 
~one .for the SUfler.~ri~ic~i wing parametde st:ucy (Sect;l.ori 
7,5); Ground rules .fo.l.towedin sizing t.hf! tai_ls_ are 
specified·.. in Subsection 8.-1.~. No speci(ic .stabilit_y and: 
control parameters w~re g!,ln~rated for. .-this St\ldy. 
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· $ • 5 SD.UCT.URES ANO WEIGH'!S 

ffl- For t;he c;:omposit"e materials $tu\'.ly I a l!l,ltr:_ix of 48 a.ir-
plarte-1! wa~ selei::-.ted· with th~ v-~riaples of gr_oss w~ight, . 
·alipecc· rai:10. _and wing- loading. The 3 x. 4 x 4 ""'trix for 
the s ~dy i.s .shown bel~: 

GW AR .sJL 
15600 3 45 
1611()0 4 50 
1$000 s 55 

6 60 

(U) Weight an~J;y1es ~er.c performed £0:r ~ll afrp).anes t w_ith 
alurainµai serving a~ th,;_, basJ,c ·strµctura,l m.atedal- .to pro• 
vld.e a b~seU,.~~- the aluminum.-weigh.ts were c;lilculated_by 
the- ~na1ytic:a:l~sc·acisticlil 11\etbo.ds previously desc:ribed_ (see 

·Sec.tion J.1). · Welgfi;ts wer¢ d.~vdoped for. three lev.els of 
¢0111pq~:l;t'e usa~e : . . . .. 

t, ·All .cOTllpos-tte.' .,. 

2. Composi;ee wing o~ly 

3 •. Ccmi;ios:l.te-wing, ta.i1s, _arid inlet duct, 

In the: study• ,all ·of the ·structu~d 111at.eri1,11 wa1 not 
~hanged to compo8ite in the ;Lndiv-idual co111poµerits:. In 
regions ·of high~load -introducnoa and high-.lo&d incerac:t~n 
.slich as the w1ng•fui~l,age _int:eraction •. lJ1ndipg gJJar. ~ulk· 
bea4s > an.1;1 gun 'support structure, there was rio attempt t·o 
u11e· composites. 

(U) Conversion fac·tors were. developed "from d~ta. generated
~~ring comp(,lsite· materla\~ i:e~e.arch Qan<tuctod over .the· past 
decade·. The borcn•epoxy and gnphl.te~fipoxy· systems p.a~ 
.adi/anced £rpm ··'Q~sic: m~µ!dals testing ·tbi-ough flight tee~
a,nd limited prod11ct~on j,n certain applkttiona. With.the 
data from thes~ studies$ an assessmeot of rea.list.io weight 
savings was ma"e, ·an'.d ·weight .eonve~aion· :Eaceors. were derived. 
The. fe,c·t:Qi;os were. then appl!ed to the. va:r:ioua st:cuctur:a:t 
item°i1 -ort:he alumin\2lll ce>111p0nen_t weighta. to ~e'tendne the. 

. compcutf.t11 w:dght:s • 
.•' 
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~ The fuaabge ,we.i.gh.t: savfog ii b1a.ed on t:he engineeri.flg 
· ariatyais for ti)¢. 'F"".5 COIIIPOIJite f1,ll!le!age. presently being 

hbrt:cate(,1 by Conv-air Aerospace. The horizontal tail data 
wer.e obtained £ram the F-111:A cO!llposite pro!litction t:Ail, 
Several · prevloua sttidies were ~sed ;s,s a basis .fot' the verti
cal. tail faer:ors. St:1•ength•dendty factors were applied to 
the theoretical :Ii kins of the wing· struciu,tal box., ·and .s1tvlns, · 
on sec.ondar:y structure 1'lere haeed i:,n exhting ~r<h.7are. NQ 
cQlllpQsit.e :1avin88 were .~t:temp~ed for the landing gear, 

(U) Weight su1mn11rie11 tot' the various levels .i)f comp¢>eite 
usage and for the aluminUJii baseline are given in T4bles 
8 .5~1 through 8 .. 5-4 • . The resulting zero-ft.tei-weight-vS"
aspe~.t:-ratio curves are sho{llfl in Figures 8.5•1 thrci.ugh 8.5:·3, 
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