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structural criteria changes on alrcraft structural wedght.
Since the Configuration 401B growth studies showed that each

~SECREF-

10.3 STRUCTURAL CRITERIA TRADES

Several trades were conducted to define the effect of

pound of additional dvy weight results in an in¢rease of 2.25
pounds in gross welght, dry-weight data from the trade
studles would allow the effect of changes In structural cri-
teria on airplane gross welght to be determined, The
reference airplane for the structursl .criterls studies was

15 oF 5

Coufiguration 401B with a gross welght of 16 800 pounds,

A g ABW@
10:3.1 Mada?&qto:]ﬂesigu-ﬂeight Trade 1 E:_;Q’

.’sié &B@}
S LY,

f‘%tructural ciiteris are based on & 6.5-g load factor .
an B0% fuel weight. In the case of the '16,800-pound air-

33

‘_)(QQ

plane, the maximum design nw is 6.5 x: 15, 960 = 103,740
povads, The purpose of this study fs to show the atructural”
veight dmpact of structural design gross welght in terms of
percent fuel at the 6.5-g and 8.0-g load factors;}‘rhase
weight Ancrements were caleulated with the previously des~
cribed analycical-statistical- weighiag methods ‘(see’ Section:
3.5). The results of this .study are showd in Figure 10,31,

. 10.3.2 Load Factor/Constant nw Trade

“The purpose of this study ia to define the wefght im-
pact of increasing the structural design lead factor while
holding the maximum nw copstant. The major- welght impacts
iu this trade are in the fugelage inertia items since the
wing loads. are primarily a function of nw. The weight im-
pace for thig trade study is shown plotted in Figure 10.3-2
agdlnst design load faotor and percent remaining fuel.
These weights were calculated by the pxeviously described.

analytical-statistical weight. equations.

10,3.3 Landing Rate-of-8ink Growth Trade

Many of the problems of fighter-type alrcraft oceur in
landing gear backup structure. -Bince this baclkup structure
1§ normally buried within the airplane, it becomes a major
retrofit effort to either replace or strengthen the struc-
ture: 4s-a result, 4t is desirable. to degign the backup
stzucture for a higher 8ink speed than the gear since the

c=- . e
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gear can be redesigned and replaced fairly easily. The
weight penalty assoclated with incressing the sink-speed
{oads on -thie understructure only are shown in Figure 10.3-3,
These weights were calculated through the use of stress

analysis wmethods,
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10.4 TALL-HOOK TRADE

This subsection contains the resulte of the study
conducted to decermine the lmpact of a tail-look installa-
tion on the large single-engine airplane (4018) A brief
deseription is presented of. the installation, the effects
on airplane performance, and the gerodynamic and struc-
tural penalties that were used to détarmine thése perfor-
mance effects.

10.45.1 Hook Installation

In the Fignre 104-1 drawing, a standard atteacing
hook is shown dnstalled on Corifiguration A0IB. The heok 18
attached to the rear wing-spar frame at the lowexr fuselage
cénterline and 19 stowed in & recess along the cénterline.
of the panel locat:ed aft of this. framé. The frame to which
the. hook is attached is the most-aft continuous ring member
around the engine. The lower section of all frames aft of

this ststion becomé part of the lower fuselage panel, which -

is hinged along one side io allow for engine removal. The
shear pins that attach the licok to the fuselage frame must
be removed prior to engine removal, . In this arrangement
the book is hinged aside, along with the panel in which it
{s stowed, during the englne vemoval and installation pro-
cess, This configuration allows tlie region beneath the
fusélage ‘to be free so that the engine loading cart can be
posktioned witholit any restrictions imposed by the hook

arrangemem: .
10.4.2 Performance

) The performance evaluati.on of the addition of a tail
hook- to Configuration 401B yielded the following results:

t. 4 43-an.mi-radius loss for the LRASM if
aircraft size is held constant,

2, A 205-pound increase in aircraft. size (to
17, 320 1b) if the LRASM radius 43 held

constaac.. . B

The performance evalual:ion was made through use of
the gensitivity date of Section 3.3 and the incremental.

wetght and drag data presented in the following subsections.
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preseated in Reference 7.

10.4.3 Aerodynamics

The drag incremeat due to the tall hook in the Ye-
tracted positlom is plotted im Figure 10,4-2. This prédic~
tion is based on drag data for flat-faced short bodies
Au effective frontal area of 20:.3

sq in. 1is used.

‘10.4.4 Structures and Weights

‘The structural weight increment for the: installation
of the tail hook on Configuration 401B was determivied by
stress apalysis niethods. The primary structural welght ‘in-
crements are due to the tail hook and to the local load

- igtroduction effects. . Bufficlert capacity exists to handle

these. loads, and additional strength is not reguired. The
‘tail hook design lead ia 94,300 pounds-ultimate. obtained
from data in MIL-A-83136. This ‘Joad is introduced into
'iutegral fittings on the major rear-spaxr aft-engine-mount
frame. This frame, together with a lower centerline stub
longeron. running forward, redistributes the load into the
basic fuselage shell-longeron structure. The results of
the welghtr integration of the added maverial thicknesses
-and- areas together with the additional systems and equipment

velght requiréd is as Follows:

Pourids
Local Load'Intrﬁﬂhetion Material 9
“Tail Hook 32
- Systems: and Equipment . 25
Total .«;ad{aonaz Welght. 66
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10.5 MISSION RULES TRADES

- ‘The éffect of changes in mission rules on the alrcraft
size required to accomplish.a glven mission has been evalu-.
ated for changes in the rules regarding. fusl £low and. land-
iag reserve. The results of the evaluation, presented in
Figure 10.5-1, show a 405- 1b increase in airctaf: size when
the fuel flow (or TSFC) is increased 5 percent as a service
tolerance. to dllow for practicable operation. Ao additional
555-1b increasse in atrcraft size results, with a requixemenc
for 5 percent fuel reserve in addition ta the fuel.for 20
minutes maximum, endurance. at sea level.

‘These effects were evaluated to’ de"‘t:ermlne the increase
in aircraft size that would result if the mission rules were
changed.  The mission rulea used for the overall study did
not- require a service tolerapce: on fuel flow, and tlie addi-
tional ‘5 percent fuel reseérve was required for the ferry
wission only, With these rules, the alrcraft was sized to
17,115 1b (without ekternal tdiks) to meet the Long-Range

A;r-Superioril:y Mission required radius of 750 n.mi, Tnocore,

poratiiiz both changes to the rules would lncrease the ait-
craft size to 18, 0?5 1b.
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SECTIOR 11
CONCLUSIQONS

The general conclusion of this study is that the trend
towsrd achieving high unit effectiveness through soph:lstica-_
tion and attendant high unit cest can be reversed through
use of the design discipline approach, Specific conelusions

are:

1. .Visual air-to-air day fightexs; at weights of

fless than cne-half those: of avrrent aix- 57@1351) o

superiority fighters, can be.develuped ta have
superior manguvering performance with adequal:a
missdon range  and combat fuel allowance without

' 88lh ABW/I

s

\v‘

'3 ( éj 64)

the use of advanced technologies, g’{-.c. /Q[&}Qﬁ)

2. The design approach necessary to obtain superiosr
energy rates and turm rates, while minimizing
size and cost; 1§ to use oaly minimum or
mission-essential equipment and to optimize
the desipgn omly for those capabilities that
contribute directly aud demonstratably to.
the visual air-to-air combat environment.

The weight savings fram this approdch allow
a tradeoff for more optimum wing loading and
a sigrnificant increase in thrust/weight ratio.

3, Each of the. many non-combat-relevant specifi-
cations and requirements that are normally
considered do not, by themselves, impose
adgnificant penalties to the aircraft size
or maneuverability; however, the collective
effact of many small penalties destrofs the
potential of providing g truly superiocr air-
to-air fighter, Each compromise that reduces
the maximum . attainabile manevverability in the °
primary aixr combat arena must be categoricauy
questioned,

4.~~rsin51e-eng£ne concepts are superior to twin-
engine concepts by approximately 5000 pounds
‘of gross. weight when preaently identified D)
engines are used. Even with the higher thrustl-
advantage of the twin-engine airplane, che l

L T e e reem— e e e ah T e -

88th ABW/I Pl
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3.

6 Frhe use of composite materials can. significantly

-wing only and. by 36 pexcent through the use

88th ABW/PI

SO PRET s

~SECRE— 14&@(@)&6 r;chs’B(éY%/)

01857

£8¢ 7.4 Cailp)

single-engiue airplané exhibi.ts & 9-percent.
higher thiust/weight ratio when both aircraft
are gized to perform the same mission, J

Supercritical dirfoils, used on fixed-wing

supersonic aircrafl:,E:an be utilized to pro- 88th ABW/IPT _ ~

vide increased transonic capabllity but at . Lg( B/ 7
ol

the expense of supersonic capability, Sus- Eéﬁc’ )3
tained turn rates can be increased approximately

3.(b)

10 percent at Mach 0.8 and 13 percent at Mach |1 ﬁé’
P p 5;((5)'59 C éX LJ

0.9. Buffet limits are significantly impraved SEC <

in the Mach 0,9-1,0 region, Ferry range SEC / 1’/ (“'UC;)

capabilities are inéreased by 20-25 percent.

Howevexr, sustained turn rates at Mach 1.2
are reduced 10 percent, time to. accelerate
from Mach 0.9'to 1.5 {s inereased 70 percent,
and maximum supersonic speeds’ and-altitudes
are greatly reduced, Use of variable-sweep.
wings would allow utilization of the super-
critieal transonic benefits without the
supersonic. penalties; however, additional
design work in configuration shaping and.
development of thin-wing supercritical
technology is needed to reduce the supersonic
penalties of fiked’ supercril:ical wing designs. |

increase cowbat maneuverability., When con~

strained to maintain equal migsion radius .and 88th ABW/IP]
equal acceleration edpability, éubsonic gus= BRIAEBEY T
tained turn rates can be increased by 12 E 13526 O@%
percént through the use of compdsites in the %‘t R ?ﬁ;r.} G ﬂ
o 76

of maximum composites. The potential of com-

posites can be utilized to provide improved . S} ¢ 3‘3 (é‘)("
subsonic or supersonic capgbilities, accel- ‘| Yo {/g%,
eraking or turning capabilities, or some of "

U‘.

)

)

(4)

each,”| Energy-maneuveradbility comparisons,
ini luding maximom maneuver diagrams:;, over
the maneuvering £light speétrum are needed
before tlte most promising payoff can be

determined, .
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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 
	·.,···-····-···· ,,~~ :.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 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 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-statistlcal ·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 sttµc­t: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 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'-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 t
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	fus~lage ·co. be free s~ ·th~t ·the engine• ·toadfJlg cart can· be 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,., 
	590 
	t 
	,-------------·----·-----·-------····················-··--··--·-·-··----------
	..,...____,____ ------------------------..-------..~-,:_. 
	. ,• . . . ~: . . ... . .···--_._..,... . 
	. 
	·
	,, -.:.. .;.;,, •-· • •, •;:r;.,..,:. •·•'" .,..:.....,;·~ • • .,.,.,.::. -.-·.... ••·~,: , ..... ·• -.,..o.. •.. 
	I 
	P
	I. 
	I
	V/l!W 8-:B 
	'~ i · VIEW F-F
	VfEW C~ 
	-'\'i-'r,~=-..,;·=·:!;:lYfGIN£'~,. ~L ~,".,.o,\'(".e "'M! 
	-~UI-~ . 
	. . .itli!b.:.dm_, w· lld•lr ~ . 
	·:r1,1 "7716 41U UP. _,o::im:/'i°·~ HOOK. ·IS ILl'MJ:YPl=D 
	~Jfl'TK. OMl/11/D 
	---····-----..-........-.-......_......._.,_,,_______ ._ __ 
	·---------·-.···---·--·----
	(ll) 
	-f9t
	. . 
	' 
	l I 
	. .. --..........,..,.. -'·-,.. ___,,_. ~ . -. 
	.SECRET 
	10.4,3 J\erodynanitca 
	The drat~· increl\le~t due tp tl)e. ta-il l)ook in the tte­c.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 ~ .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 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; · 
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	1.(),5 l,fISSION R.ULBS TRADE~ 
	· ·(U) . ·The effec~ of·chAnges ~n mtasion. rule~· oQ "the aircraft 
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	.. 
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	.l. Visual air-to-!lir da~ figh_t:ers • at weights a ~~t,1) ';J... /-".A-• 
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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 rangecapab.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 increa·se combat 10aneuverabj,lity. When .c~1'-­
	strainecf to 1Mini:ain equal: misBiop radius .apd eq_ual ac~~leratiOII· capability~. subsonic lius.... tair,ed turn rates can be..in-creased ·by 12 . 
	percent through the use of compQaites in th.e wing only .and, b.y 36 percent through .the use of ma~inrum c-omposttea., 'i,'he pot~tial o_f 0;om..:. 
	can be utilized.· to ·provi<I!! improved ~u.\>sonic or super~QnL<; c.ap4b:l,iii:1es , acc;e1..· turning.capabilities, or some of eacb., '.EDri"rgy:wmaneuve~ability eoinp"arisons • inct1Jcl'ir1g· maidmum .~neuver diagrams,, over 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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	'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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