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10.3 STRUCTURAL CRITERI,A ta.ADES 

Several trades. were c:qndµoted to define the effect of 
structural ci;it~riir cQanges on airc·ra!t Bt~ct:.u.rat weight. 
:Since th-e. Configuration ·4911 gfowth,studies showed Jhat .eacl:i 
pound of additfoiial ~l'Y .weight re·sults· in. i.m ·in¢r.~a~e of 2.2s 
paunds in gross weigh.t, ·dry-we:;.ght ~at~· from. the trade 
s,tudiei3 ·wqulo aiiow the eUect of chiri-ges ia st;-uctural ..cri-· 
teria c;,n drp1ane gr.oss weight. to be determined. fhe 
re·feren-c~ airplane ·for .the sttuetural ,c~iteria. stud.:les wes 
Coliflgui:.atfon 4015 wit;h. a ·gr;oa.~ ~eight;. ot lo.soo pounds. . asiifABW;71P.·::· ·.,···-····-···· 

,,~~ :.P·-: 
10·~3. t Lo.ad ..Factor/Design-Weight Trade -Ft, ~c(.~ E : 3.$. 

f.S~r:uctura-l ci:'it~ru are .based 00 .. a 6.. 5-g .loacf .factor· ·.·,1r)$9i'i-Z) ..f.) \ 
e,n .soi fuel wei~.ht,. In. tt'-e cas~ of the 16,800-pound air- S1':t./i t.J 

,J .. · 
t\( ;? · 

plane, th.~ m!Qtiinum de.sign -nw is 6,5 x, 15,960 "" l03, 740 · .·,., '/ 1 

p.o~n9s, The pu.rpose of' tti:ia s.tudy is to ~how tzhe structural· 
weight impact" of structuX'al. ~e~1gn gi.:oss w:eight in. term1:J of 
p.ercent fu~i. at' ·t:he: 6 ,5•g and s,.o~g load. factors :J These 
we.ight ·increments were ·ca.lculat·ed· \l'itb th~ p~evio~sly des .. 
eJiibed ari.alytica.1.-.s-t·e.tistfoal weight.,g math.eds _.(see se·cHon· 
3.$}, .The: res:ults of thi~ study are ·show.o in _Figure 10,3;..l,. · 

10.'3 ,.2 toad Factor/Cons·tant nw Trade 

CU) ··rh~ pl.l.rpose: of: t.his study· is t:o def.l.ne the wei.ght 1m~ 
pact: of· increa!ling t~e structural oa·s.ign lpJd .fa.~tor while 
hoJ,d~g the maximum ·nw con.st.ant, The maj_or w,ight impacts 
ill th~s t.rade· a·re ~n thQ fuselage inertia items since tlte ,. wins. lo"ac,is are primarily a function of· riw. The weight :l.nl~ 
{lac~· for ·thi!i( trade study"- is shown. plot~ed in figut.e 10 4 3.-.i 
again•st design load fac_~or .a:nd percent re,malning fuel. 
These weight& were calculated by the previously.deserlbe,d 
a:naly.tical-statis tlcal ·we.ight: equati.ons ~ 

l0.3 ,3 Landing }:tat:e-of•Sink t;rowth Trad6? 

(U) Many of tlle probienis of fighter~type atrcra;t o;:~ur in 
lllndµsg gear backup -structure-. :s.:i.nc,rthis backup structure 
is normally.·bui'ie.d •wit:hin .tl;'lE! airp~aae1 it be(:cme• a mfijo:r: 
retr9fil: effq~t to .ei-tb,er replace or strengthen the sttµc
t:ure, ~s a res.ult,. •it is desii:4ble. to d~sign the backup·•· 
st~ctti:te• f!'r a higher s~k -speed than the gear since the 

' ..,.. _...,.... ·- . ··' . -· . ~ ..- .. 
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g&ar c~n .b~ redf!sigrietf and' repla~ed (~irly easily,: The 
,.,e_igltt pe~aley a11soc-i'atecf' with inc.reas.1ng the -si11k.-spead__ . 
loads on ·th'e und~rrj.t~ctt,1re oal'y ·are· shown in -Fl_gute :10 •.3..3. 
These we-ight11 -~er• ·1=a_l,culJt~d through the ~s~ ·ol str_ess 
·a04lydu metnqd3 , 
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10.• 4 TAIL-llOOIC TRAD~ 

(ii) This· s.ubs.e~~:Lon. !lo,:ita~ns the .re.s~lta of the s.tudy.
conducted to..dece;mine thff·lmpact of a tail~hO.Qk inata.11•· 
cfon, on th~ ia·rge s.b1g1~.:eniine ·~iir~l~ne (4011)_, .A br~•f 
desc.ription is p~se'bted af• the !natallatio~, ·the efffects 
on •irpl.4ane perfo~e·. aad ·t~e. ,efflynamtc and atrlic• 
t\.\r&l ,pendtie•· ttiat wei-·e 'UJ,-d t::o· detilrmb\e ~Ii•• pe1"for-· 
mllnc~ -ef.fect•·• 

I 

10,4 •.t Hook I1i"li't11..llation I(1.i) ;rn t;~e. Figure ·10·.4"-l dxilwing., a s~anll!ai'd. 41;res,t1ag 
hook is shown installed on Ccmfigu~ati!ffl 401:J. The h~ok .ii 
atta~bed ·ti, the rear w.1.ag"'."spa~ f,;amtJ at .ttm. lowet: fuaelilp 
CeitF~rlin~ 'allQ :!~ •t:.01t_1ed in & r~~!I~ along· th"' centerline. 
of tlte panel· 1.ocatod •~t of this. frame. the frame to wbicili. l 
i:he.. hook. :I.~ ab.ached. is- ·~e mq,rn::-&·f!; contin_u.oua ring· •1qember I 
around. the .~ngine-. The: "lower· .section Df au. frames •&ft of :,fi this. stat.l<i~ ·be.c.Ollle part of th.a low.er ;fu&"el~ge·J>Ael~.- .~b 'I 

is :llil!ge~ a.~~ng. ~e au., t:o al.1"91i. f'or engine. reinoval. ~e 
s:~ear pins· J.;hat attach the .. hook to :the· :fJ.a$elage frlll!e ffll.Ullt'
be -remove.d p~9:r to .enz.ine· r.emov~l •. ·. ln. this att,aag~at:
~he.b~pk is h1aged •ai4e, ~Long with the.pane~ 1n wh~h it 
fs· s-twed ,. during the· ~gine r:-eillt>va.l, ~d S.n.nalla.t~ pro.
c~ss. ·this ·c~figuratlo.n allowa tlie regtQO benNth ·the· 

i, 
. 

fus~lage ·co. be free s~ ·th~t ·the engine• ·toadfJlg cart can· be 
I 

po~itioJted without any restric"t.ions b1poaed, ·by :t;be-. b.ook 
ami1gement, 

-10. ,4.2 Perfeirm&l.'IC'e 

..(Br . the perf~t'ffl!lnce: .avaiuation. of· the ·addition of a tail 
hook• to. Ooii.figurat:l;on. 4011 y.l;e-1~~ th~· f;'o1i-owt~g HBUl'ta.~ 

1, A 43-n.~i-~adius loss tor the UU.SM.~f 
a-i:rc,:aft s-f:Jia ii he.ld .. cons ~an!= ~ . . 

2., A 20S--:pourid: increase "i.n- aircraft. size·. (to 
I 17,320. lb") !f the ~ ~-df.:us :is .helcJ .
i.r, c.onst~nt, 

r 
t. (U). The p~~tn:~n¢"a 11--v11lu-.1;io~ ~as ~de· t:hl.'Qugh, UfJO oi . 

i . 
:the. ~,ern~itlvity data -of. Section 3 •.3 !lad the. incremental. .I" 
•We':.&ht ilµd dre.g, data ·preeei,ti:id in the fol1ow1mi ·i\,1'b.1eQ tf.on,., 
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10.4,3 J\erodynanitca 

The drat~· increl\le~t due tp tl)e. ta-il l)ook in the tte
c.rac teil position: is p+ott;1rd i;rr F~gµre ro:!4-i. This ptedic-
e•ipn is base.d· on dr;ag dat:a for ,flat.-face.i:J short bodj.es . 

.pr~.ented in R~f"erenc·e 7. An effectiv:e· frQnt·.a.1 1.1rea. ·of: io:.,3 
s, lri. ~s u~~dj · 

10,·4 .4 Structures. and Weights 

·Tl:te.~truc.turai ·wdgb1: i.nci:emebt for. the: iristalla.t.:lon 
i;>f ·the, t•ai;.1 hook on. Configuration 40lB -Wll!! dete~1ned ·by 
stress analysis nietho~S·,. TIie prtm~~Y. ,t:ructui;&i° ·~ei8ht in~ 
ct-ements· ar.e due t~ the ·cail hook and •'to the local load 
i~tx:oducti0.n d;fectS•.• ·. Sufficient cS:pacity exists to handle 
i:bese loads I and addi.tioo~l s.treng"tl1 b ·tiot r~quir~d. '.!'he 
·tail Jto-0~ design 1oad.. ill ~ 1 .900 :pounds -lit tima"i::e. obtained 
from da.to. in MIL-A-83136·. This foa.d· is intro.duc:ed into 
·int:~gral fittings· en tli~· .major re~r-spar aft"-engine•!llOUDt 
frame•. This ,fr~e, together with· a lo~er center.line stub 
l.9nge,;oa. running foiwitrd,: ·re~ls-trlbutes ·the load into the 
·basic fuselage shell-longer.cm stl'\lCture·. The resitlts of 
:the we•igh.t ·1ntegra~ion of the .a.dded ·material thicknesses 
·~nd areas tog.ether· with ·the adoit1ona1 systems and eqi.d.pllient 
weight· required ie a:s . fcllqw.s; · 

Pounds 

Local toad lntro·ciuctioq Mat.edal. 

tail Hook 

Sys.te111s, and Eqµil)ment 

Tot•. l A:(fditional Weight 

SEOREt 
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...1.(),5 l,fISSION R.ULBS TRADE~ 

· ·(U) . ·The effec~ of·chAnges ~n mtasion. rule~· oQ "the aircraft 
.aize· ?;-eq,u·~~ed· to ac~omp_l~s.ti .. a giv,_e.n "(u-totl" ha;1,1 been ·eva.111;... 
a:t:t!d· £0.r cb.riges in the tu).es regardiDJ.--~u,-1 .J;l,ow anc!,. lan_d
!ag reset'VEi-, The· ~es'u~t1f ~.f. the evJluation, p~esented·. in 
Fiaur~ ro ..s-1. show- a ·4os--.lb :l,m:.r~aee in aii:craf'e .size'.ilben 
.che. ~el ·now '{or TSFC). 'i.s increaa.ed S perc-e,at; ~- a :Se~o·e 
toLer:ance. to all.ow ·for· ptac-c:ic:able op~rati~n i J\a ad~_iti.on~i 
sss~i~ iaorecie.1.n· aircraft sl,ze ~esults 1 .~ith ~ re~ulr~ent 
for· ·s pe.rcent ·fue.L reserve ln a1hlt:lion co the fuel. for ?O 
!!l~llutes. madm.wo... endurance. Ill: $'e& l.evel.. . 

-t9f- These e-~fects were e:valuaced t-o' determlne the inci:~ase-
. •in aircraft ·size th&t...wou·l~ result. 1,.£ the ~d.~slot1,· C'IJ.1e.- wu 

changed,. The mbd.on .rulea ..u~.ed for the o'\le~ll.·;i;~dy did 
not. requi,:~ a; aervf:~e to·iera!'ce, on· fuel. . .fiow., and· the ·.adcli.
ti'.ona.l ·S pf!rc~t fuel rese.rl'e wail :required ~0~ t.be te.ny 
~is!S-ion o~,ly. .Wttli: thes~ roles·• th,e ai~crir~t··W4S· sir:ed ta 
.17',n.s lb (wi.t~out ·ex.teriial tanks) t,Hneet the Long.;.'R:ailge: 
Air-Superiority ,Miss'i~ ·req~irl!~ ~4ius ·.cf '7SO n,ml, lncor-. 
p·ot~t!iig b.e>t:h c;hang~_s tP -t~e- rules woqld L;icre!15e .i:he a:i.t-: 
craft Bize i:o 18-,07.5 lb. · 1 

r 
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CON C-LU SI ON S 

-t5r. The ·general cOJjcl,us_iim- of th!s study is that eh•·. t1,end .. 
•·. towal."d achieving bigh Ut'ill.t effectiveness cl}l:ough s_Qpb:lst:Lc:aM 

t.iQP an~. 4:ct_endan I: high unit cost c·a:n b.e. .~vll;r_sed ·through ·· · 
u11~ of t~I! ~es.ign di.cieil'lint?· appr9ach, .Specific conclusions 
.are·:-. 

88th ABW/1;:..:~·. -··· .f .l. Visual air- to-!lir da~ figh_t:ers • at weights a ~~t,1) ';J... /-".A-• 
Jiess. than one-'half tho&e: of aul:'renc ait·- s:m;l~o,j~- ~ 3 {b} 

superi.,ri~y fighters•· can be develciped ta have ~ ~ 7, · · 
superior l!l!Ul!JUvetiTig P!?rformane.e with adequate 1~-<j, /('.3r:T, (:· ,\ 
mission range·aud comb_l!-t- fuel allowance totit~~ ·~P.~(J,.1 (6 "!'V,,1 
the :use- 0£ a.dvauced technologies. $/:.C./. f./{i. (.-7-) 

2. 'rbe design approach necessary ta obtain superior 
eriergy·ri~es and ~rn rates, wh~le.m~imizing 
s.-ize and cost,. b to use only mi'llimum or 
miss ion-essential ~:uipn;ent a.nd to optimize 
_ttie d~,ign o.nJy for .~hos·e capabiliti~s thai: 
~ontrtbute -directly and demonstrat~bly to. 
the visual a-ir-.to-air. c.oniba.i: · environment. 
"The weight sav:i.µgs frgin this approach ~llow 
~ tr,ideoff for mgre .0.pt:1:inum Wi11g loading and· . 
a significant increaa.e _in thrust/:weight ratioj 

3.. E~ch of the.- ~ni1111 ·TIOl100 Combat00rde'11'a11t epecifi.. 
cation, "11d requirements that •re n~;rsnally 
coiis:f,derad do ·noh_ by 1;he2:11_selves, impose 
·si.gn:i:fipant penalties to the idrcraf·t size 
ox- ~neuverabiUty; _:bowevf.JJ;" 1 the coli_ective 
effect pf :many· 611\$11 p~a:l,ties destroys the 
.poten·tial of providing a ·truly· superiot iiir· 
t¢-aix: .fighter, Eilc'!'i compromise. that :c:educes 
_the- uiaxiinull'i .ac:c:ainable ..;na11euverab:f.Hty in- th, 
pri1JM'1;y .air combat arena -must be .categori.~-ally . 
questioned, r-:a-=:--=-::=-:-:=,---I--~ 

88th ABW/IPI" 
4. qU.1lgie-~gh1~ c~ncepts are_ au13erlor ~ t;wii_l.. ;·A~Lt,tt· ·· 

engin"e concepts by &pj>roximately · 5000 pawµs , ~~j.5~111- 3 3, 
·of lm'Slil ~(!_ig~t when_ pl:'eilent_l.y identified ( -9 llJ.f i'.·to . 
.engines •a'!='e _,.ised. ·Evel'I with the higher t~l:U1:111 •. lf'.f.-~(t,''}i 'If"/) 

-- ............._.. ·- ___ad~~~~~~e ~f .t~e -~ln•~g~~ airplane~ t!!,J S.fr 'l,.t _,: rg·~ 
.q •• ~--. .. ... .. . .,.. ,.. ..• .. . '. . . . . ~..-. ! _'/.{q) 'FJ 
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5. S\lperc.'ri"tic"'l .air.foils., qsed 1;,ri ~be4-wing 
supe"L'.SOTI 1c aircraft ,~an be ·~.~Ubed to pro-. 
vide .ini;:reas.ed t;-al).sonic cap~l"t>ility but at 
the "xpense of s\ipeTsonti;: cap:abUity, Sus- . 
taine"d· tutn rates.. c·an be increa.aed· approx:1;1:naJ:;ely 
10 per~ent at Mac:ih .o. 8 ancJ 13: percent at Mach 
0!9. l)U,ffet _lilllitS ai-e .oignirit:.ant.ly f.inproved' 
in. ·tbe.lfach 0.9-l.-O region•..Fet:ry range
capab.Uitiea ar.e ~ncre'ased by 20...2~ p"'rc;ent.
Howeve.r, ·st,Js.tained ~m rates ~t. Milch 1.~ 
a~e reduced to· percent., i:ime t:o. acceleratit!· 
f'.rom Mach O, 9 • to .l, 5 .h :tnc.re,.se:d 1(> p~rgen t, 
a11d Q¥lxi!.llUm su.persoi,1¢ sp~ds.' 11,od '~ltit:1,1.clea 
an g-,;011t·~y reduced! l.ise of var,iabte-sw~ep. 
wings woul<I allow utilization. o·f tbe: supet-
cTii:ical tl."al)spl)ic beuefit:s withdµt ~be·· 
supersonic. penalti~sj po:we"v!;!r, additional 
design work ln cotifigura,tio_n ·shaping and.. 
d~velOPll!.en.t of .thµ,-wing supercrttical
~ecm,ology :f.s.. ne~d~d·to.~educe the ~upersonic . 
penalties of· f-iited' superc~itica-1 (f:l\'lg d~sf.grts J 

6. fTb,e use af camposito lll4te~ials can s:1.gnificantiy 
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the '(l'ISMUvertng flight s·pecl:rum. afe needed 
~.efore tl"te •most p-romi~irt.8: payoff oan be 
cietermi~ed,. · 
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· •. A number of alrwsuperiorlty ·day-figh~er. oonc-ep.t11 11i-a· 1yn!:heo (zed .110·· tbat. law vnit. 
..~oit ·~nd• h.lih .tr•Aeon~ 11111naliv11rabU°l~ are ·paf&lllau.nc: •.. Th• b••~c app.x-011ch uud to 
1G11xtmi~e:·.flghtin1 .ri1JB.U,ctu ·'1h1le ·•~tmizl~ ef.&e arid i:oat' w•• ta el!'Plai qnlt idn;iii1inil 
or 11l111to11•e111ellti•l ·eqi:ii.pmtilnt and. i:o opttmlu• only 011 .those ·cap.i.ltf.llt::iu that:coiltri-:
but:e d!rectly ilm!" demoniitratably to the y11iu,1 alr~t9--11it· c0111b•~: envi:~cnment, 'lhe 
ptilntltj, .c.ollf.(guutbn tr&deoff 1a11ueis ·adc!rcn.ed .aN Ct-) •laale·•nalna v~r.•.aa. t~~n-. 
·engine coia~epts; (2) oli'cte:f~ 1Li11 vei:,ua. _,.donianc•• and (-3) 11ffect11 of s:e.eent. t~h•• 
rialo11: .ad-,,.incllllllint-11 ill 1erodyM111ic oeli1n •~ •.tr:uctllt'l!ll •t•~t~h. St11ciy r:111u\t1 . 
.•hDV· !=Jl11t vhual air-to.-:-air day Ushter11· utf,Udns ~ilrrant· h~hni>.~oa,- c11~ be d11veloped. 
to h&ve 1uperto.L" mine11vetfttil ve:r~o.~11:ce. with 11d11,q_vate ~•ns• 11nc! co111oat f11tl. ·aUow-

I 
••nc•• a.t .sro~a valght1 hH.. than oa•hi:lf that 9£ cur.rent atr•s~pi=rto~!ty fj,g~tere, · 11 
Slngle•.qlae ~o~ceph.p~~vlda ,reatar .1111n1uvu•hlUfy ~nd 500Oi-~l'ovar ll=ON . .~ 
:l(ai1ht1 tha'1, t'l{~n.•e.!Jllne coni:ept. •. wben uat~g praaently .tc!~ti~feii engine,, Th.- 1,1,~.of 
·smaller mriinea ti) t:he J!ll'lgl,•engtlle c~ncepi:D to. filrthei 't'edue·e .atrcrdl 1be. ra,uita· 
Lil Pt~hl&ttive .nductlon■· in Plllneuver•bili':y or iniluff:lclent 111i,•lon .~i.l'.lle• ~OGite 
lllllt!'r1•l,8 Cllfl be ·m:1.U;ed ~o iricreaae· ci;iab11t; 1111111e~•r~b.lU.t)'· 1..tgnffl.c11ntly, Aa •.n 
example, U lt. ll df:1~1,:e!I to \!.tU-bc ·■ tl of th11.. bane.ft~11 <1f i;o""oaL~i,a t~ J.~e.t.11e 
turnlag capilltillty. (vU:hln .co11a~i'll!nt:if gf eq\l&l accaler•ttoa cilp11bU1~y anil e~l . 

·ll!iHioll radiu,11.). 1 11.l:'ptan·e 111.1atalne:.d t:urn i-o.i:111 •can 11• :l.1u:ra11.1n1d ovet- •.ri d11111it11F alr-
pl.l!ne. ·by 12 -percent vU:h a ccrnyo11tte vlng ll'1d 3~ ·p•i:t::tmt ·:lir1tli .IMll:tl:ll\llli coillpo11tte ·,u ■ase, 
Supei-ci1ti.;a•l a1rftiih 11u111d on fixed--w!.ns 1uper11a1d.e al.rcrut i:&11 b11 .utt.ils·1,S, o ·.i~ . 

·prove tr11ns0111a c•~•biUty b'1t at tJu: •eitpe111e of 1uperaoni~ .i:•p•b~lttr, . \_.. 
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	'lJ. A TftllCT 
	· •. A number of alrwsuperiorlty ·day-figh~er. oonc-ep.t11 11i-a· 1yn!:heo (zed .110·· tbat. law vnit. ..~oit ·~nd• h.lih .tr•Aeon~ 11111naliv11rabU°l~ are •.. Th• b••~c app.x-011ch uud to 1G11xtmi~e:·.flghtin1 .ri1JB.U,ctu ·'1h1le ·•~tmizl~ ef.&e arid i:oat' w•• ta el!'Plai qnlt idn;iii1inil 
	or 11l111to11•e111ellti•l ·eqi:ii.pmtilnt and. i:o opttmlu• only 011 .those ·cap.i.ltf.llt::iu that:coiltri-:but:e d!rectly ilm!" demoniitratably to the y11iu,1 alr~t9--11it· c0111b•~: envi:~cnment, 'lhe ptilntltj, .c.ollf.(guutbn tr&deoff 1a11ueis ·.aN Ct-) •laale·•nalna . t~~n-. ·engine coia~epts; (2) oli'cte:f~ 1Li11 vei:,ua. _,.donianc•• and (-3) 11ffect11 of s:e.eent. t~h•• rialo11: .ad-,,.incllllllint-11 ill 1erodyM111ic oeli1n •~ •.tr:uctllt'l!ll •t•~t~h. St11ciy r:111u\t1 . .•hDV· !=Jl11t vhual air
	••nc•• a.t .sro~a valght1 hH.. than oa•hi:lf that 9£ cur.rent atr•s~pi=rto~!ty fj,g~tere, · 11 Slngle•.qlae ~o~ceph.p~~vlda ,reatar .1111n1uvu•hlUfy ~nd 500Oi-~l'ovar ll=ON . .~ :l(ai1ht1 tha'1, t'l{~n.•e.!Jllne coni:ept. •. wben uat~g praaently .tc!~ti~feii engine,, ·smaller mriinea ti) t:he J!ll'lgl,•engtlle c~ncepi:D to. filrthei 't'edue·e .atrcrdl 1be. ra,uita· Lil Pt~hl&ttive .nductlon■· in Plllneuver•bili':y or iniluff:lclent 111i,•lon .~i.l'.lle• ~OGite 
	lllllt!'r1•l,8 Cllfl be ·m:1.U;ed ~o iricreaae· ci;iab11t; 1111111e~•r~b.lU.t)'· 1..tgnffl.c11ntly, Aa •.n example, U lt. ll df:1~1,:e!I to \!.tU-bc ·■ tl of th11.. bane.ft~11 <1f i;o""oaL~i,a t~ J.~e.t.11e turnlag capilltillty. (vU:hln .co11a~i'll!nt:if gf eq\l&l accaler•ttoa cilp11bU1~y anil e~l . ·ll!iHioll radiu,11.).1 11.l:'ptan·e 111.1atalne:.d t:urn i-o.i:111 •can 11• :l.1u:ra11.1n1d d11111it11F alrpl.l!ne. ·by 12 -percent vU:h a ccrnyo11tte vlng ll'1d 3~ ·p•i:t::tmt ·:lir1tli .IMll:tl:ll\llli coillp
	Supei-ci1ti.;a•l a1rftiih 11u111d on 1uper11a1d.e al.rcrut i:&11 b11 .utt.ils·1,S, o ·.i~ . ·prove tr11ns0111a c•~•biUty b'1t at tJu: •eitpe111e of 1uperaoni~ .i:•p•b~lttr, . \_.. 
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