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on an empirical correlation ot .w.l.ng tunnel data on 
effects of tip shape reference 2).. It is estimated .that 
·the tip curvature of 401B reducesthe minimum drag coeffi 
client ·by .0005 at· subsonic speeds and by .0015 at supersonic 
speeds These arethe incrementsapplied to the form and 
wave drag components respectively in the minimum ·drag. 
buildup-,. 

(U) The..remaining incrementsin the ·above equation require 
special treatment and are discussed in the following para 
graphs •.. The incremental minimum drag variations· wlth Mach. 
number for the effects of canopy, nozzle diverter cowl,. 
secondary systems missile pylons and protuberances are 
plotted in Figures 3 3-2 

' .. 
(U) Canopy The canopy drag is derived from Convair -FX 

wind tunnel test CA.L. 316-133 Thetest canopy is similar 
to the canopy on. configuration 401B As a result, the .4.0lB 
canopy ·o/q: is obtained from the test data by rationingthe 
canopy frontal areas and then basing the drag coefficient 
on the 401B. wing reference ·area. · 

(U) Nozzle The reference nozzle drag is the boattail 
pressue drag on the installed nozz le. An average maximum 
power nozzle position (40 inch exit- diameter was used as 
the reference nozzle position for all (-both subsonic and 
supersonic calculations .of. the reference nozzle drag. 
variations in nozzle drag due to eqaizla. powersetting are 
included ln the. thrust reference nozzle drag is estimated 
by use of the McDonald Hughes Method," as describedrevised 

in Reference 3. Additional discussion of. the nozzle, drag 
is given in .section 3.6 

Diverter "This drag increment is the pressure drag on 
the inlet boundary-layer diverter. It is detetmined· from a 
computationof theaverage·· wedge pressure coefficient 
accounting for the: total pressure · loss through the boundary
layer when significant 

(U) Cowl. accounts for the compressionThis drag. increment 
due to the locally high slopes in the first ·30 inches of the. 
inlet cowl when operating at a A0 /A1 of 1,0 (i::he basic · drag 
equation applies at .A-0 /A1 1 .0 only) , A second-order shock 
expansion method applicable to bodies o! revolution reference 
4.). was used to. predict this increment Cowl. drag- variation 
with reduced A0/Ai are included in the prrropulsion data 
section ··3. 6), . . . 
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(U) Secondary Systems. This drag increment accounts for 
momentum losses due to the aircraft auxiliary air systems 
These systems encompass all functions other than the engine 
requiring externalair. included are ECS ram-air system, 

.. the gun-compartmentpurging system -the· oil-cooler air system 
and the engine-compartment air system The drag coefficient 
increment app lied for these systems .on 401B is .-0002. at both 
subsonic and supersonic speeds A momentum-loss analysis 
for the secondary-air sytem is the basis for this estimate 

.Additional discussion is provided in Section 3.6 

(U). Missile Pylons This drag increment Accounts for the 
two AIM-9X misssile pylons. It is based on test data 
reported ln references 5 and ·6· adjusted for pylong size 

differences •. 

protuberances This is an estimate of the drag due to 
antennae air-data probes ram-air scooops navigation lights .• 
and, static dischargers ,. This drag term is based on data 
provided..in· Reference 1, 

3.,J 1.2 External S.tare Drag 

(U) The external store drags used in mission performance 
calculations are shown in Figure 3 3-1 The increments are 
derived fromF-111 test data documented in References 5 and 6. 

3. 3·.•1 •3 Airplane Growth Effects. 

(U) The variation of minimum drag drag coefficient with 
· aircraft size (gross weight) at constant wing loading is 

presented in Figure 3.3-4 The basic form and friction 
drag were computed for two other gross-weight airplanes 
15-,60.0 and '18 ,·ooo lb canopy I· nozzle cowl, diverter, 
secondary systems, missile pylons. and protuberances are 
assumed to have constant D/q 1 (i.e •• are constant size and 
independent of air lane size-) •. Also, .•.It is assumed that 
the ratio of· tail and ventral area to wing area is approxi 
mately independent of airplane size and, therefore, the 
wave drag coefficient of the wing tails, and ventrals is 
constant the fuselage wave drag coefficient based on 
frontal area is considered to be inversely proportional to 
the· square of the fineness ratio therefore, 

CD i . (A frontal 
wave fuselage FR2Sref 
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(U) If an estimate of the length and frontal areavariation with 

aircraft size is given the variation of fuselagewave drag 
can be computed. 88th ABW/IPI 

(S) The minimum drag presented above in subsection 3.3.• 1.1l FOIA .SEC 
is for the initial design gross weight of 16,800 lb, The . · · r;~·· 
final gross weight required for mission performance is · · h 
slightly higher 17,115 lb and the minimum drag can be 
adjusted accordingly from the data of figure 3.3-4 ,_(..,-6.,. 

.uT,,(,,, •. ISec 
3 3.2 drag Due to Lift 

The drag polar shape, including the effects of leading 
edge flaps, are based on convairAerospace FXwind tunnel 
tests at the Cornell Aeronautical Laboratory .(C.•.A.L. Test 
316-113 and C.A.L. test G52-423 •. The validity of this 
data for application to configuration 401B is readily 
seen in Fi.gure 3 3-5 when· the platforms of the FX-132 wind 
tunnel model and configuration 401B..are compared 

.. 
-(U) The leading-edge-flap 'design on the :wind tunnel model 

Cf/C = 18% at the root 

Cf./C = 30% at the tip 

This is. identical to the leading-edge maneuver flap designed 
-for configuration 401B 

The only adjustments made to the test data are 

1. An aspect ratio correction of 3.0 to 3.2 ... 

2. A t/c correction of .035 to ,040, 

(U) The drag - due to lift polars are presented for specific· 
Mach numbers at the pertinent leading edge· flap. .settings in 
in Figures 3.3-6 through 3.3-10 The minimum-drag increment 
due to leading-edge flap deflection is defined _in Figure
3.3-11 . 

0(U) Trim drag· is defined to be the drag increment at.. con 
stant cl between the ..polar and the ~H • htrim polar 
as shown by the sketch below 
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(U) The longitudinal stability characteristics and hori 
. zental ·tall deflections required to trim are· discussed in 
section 3 .4 Thesse required deflections at various perti 
nent flight conditions are pltted in Figµre. J., 3- 12-. 

The estimated drag due to these deflections shown in 
Figure J,3-13 is based on wind tunnel data (from C.A.L 
Test G52-423) for an FX-132' configuration with .an aspect
ratio 3.0 planform differing only slightly = 3-l, 50 
instead of 350 A= 0.3 instead of· 0.2) from the one .shown 
in· Figure 3.3-5 "The airfoil .035 biconvex and leading 
edge flap are identical 

{U) As indicated it) Figures 3; 3-12 'and. -13 all performance 
calculations are made for a center of gravity of 27% MAC 
which was selected to provide a minimum of 35 -static;i margin 
within the combat\ envelope. 

3.,3.,4 Trimmed Drag Polars 

(U) .The trimmed drag pola rs used in the perfom ance calcu 
lations are shown in Figures 3.3- - 14 through 3 .3-19 The 
high ·cL drag polars used for the energy-maneuverability plots 
are given in Figure 3 .3-18. The· trimmed drag polars used ·· 
in takeoff and landing calculations are given in 3.3-19 
In Figures 3.3-20 through 3.3 ..24 the same data are plotted 
on the basis of CL/(W/S) versus: CD/W/S 
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Trimmed (L/D max) versus Mach number is presented · in 
figure 3~3•25 for various leading-edge flap deflections It 
is seen that the leading-edge flap design of configuration 

401B is .a very effective cambering device A deflection of 
10. degrees increases the (L/D) max by 20 percent to 10 •.8~ 

This is only about 12.·percent less than the (L/D) x expected 
for a blunt-nosed cambered airfoil, -and the variable flap 
· eliminates the off-design penalties associated with fixed 
camber · · 

3 3.5 lift and Buffet characteristics 

(U) trimmed and untrimmed CLvs curves for configuration 
401B are shown In Figures 3.3-26 through 3.3-29 The trimmed 
CL·vs_-a curves 
J ,3--30. These 
CL vs H from 

The method 

for takeoff and landing are shown in Figure 
lift predictions are based on CL vs and 
C.A.L. Test G52-423 mentioned earlier 

used for predicting buffet characteristics 
is based pm an analysis of the CL~vs- x curves in the non-· 
linear region 'This method has been checked through com
parason with available -flight data, and reasonable ·agreement;' 
has been obtained derivation and·· documentation of the 
methodis contained in reference .8, · 

(U) The following boundaries are defined in terms. of pre 
dicte~. flight buffet acceleration 

heavy buffet: 

(U) These buffet boundaries are shown in Figure 3 3-31 as.-
·.a function of Mach number. It is readily seen that the 
leading-edge flap design for configuration 401B raises the 

buffet boundaries to a highly desirable ..level for buffet 
free sustained turns at Mach- 0.8/3O,OOO-ft altitude 

(U) Configuration planforms of the 401B and FX-132 type 
generate large amounts of vortex lift after the mainwing 
has stalled and the maximum CL is limited only by. tail 
power The control limit CL for configuration 401Bis 
shown as the upper boundaryin Figure 3. 3 ..3t also see 
section 3 .• 4). 
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3,4 STABlLltY, co~_QL, .ND. -~QI.:l~- QUAL:I'rlE_S I 
! 

(Ul ~dlirtg qu~l_!t:i~/s.tabi.~ity .and ccnc-rol s:tudies, have: 
been p-rliiu1dly direct~d ·t:oward -ident.:l,fying des;Lp -feat~es. f 

I 
necusar.y to p"rovide e~ceUen~ ·han_dlti,g.·qu_~l~tias. ~• .I 
ve~y d~•~~;i.ng .goal, ia b11.sica-l.ly .ac:Mevable· through proper 
ae~.odynmqic· cQntigurat-ion t:ail~r:log ·to euua:._ superio~ i~-
hetec1t lotig~tudlniil and 1ater,l~direc.t10lUli 1't1biUty !lnd 1·ciJntrot. Pert:in~n·~ ·~sut~ii qf the: .stability and_ cootrol 
~ea;l.gn. tecb~iq_ue.s anA the approach· fo~icwe'd in support ·;,£ ·.1 
thia de)llandtng goal of -~eelletit· fi~ter· ba,11clli,ng qu~lttt..es: fa-re. presented ·@·cl· dis.cu&S.e~ Jn thia -,.ection-. .I 

J.3, 4.1 ·ttand1:Ln,1t ctu~l,lttea "Design 'R•t;:·:Looale 

.Specific stabiU_ty. and con.trol daSigg o~j~ctives i:ba_t;: 
werJ: -~c:i~l.~-~d _in .'the a~e~~m~·~ oi Configµration lioU for . 
~ce~l~.a~ handling· qualitlea in :the co~t.t 'reg/.~n are list,d: 
itl -Tab1.ti 3 .4-1.. The ~ey factor~ in. conf.!pra.t~ _des-~gn 
·deveiopnu1l\t a.re ~s:ted in the. tabl• for ·ea.ch .of ·the-. obje1r• 
tives. ~~jor b_enef:f..i:~. co be· derived ·.fo.r each. obj_ei:,ti.ve are. 
also trCJ1:.ed, . . l 

In .addit~on ·to the gbj-ectives l.isted in -t~e ta.ble, -.10!1 
inertiaa,,re·desirab.le fo~ !mp~ov~d maneu.v•~ respa~&e ~i~h 
-1ilµIiMU;111•d.&e.~ c.ontro1 .and. -a tabi~tzi11g s.u_rfaces·.. ] 

3 ,4 ,2 Stability ·8'1d ~oni;:ro\ Des~gn. i'ecrud._qµes. J 
(U) ~•!lBJ;"aJ. i,les·i,gtl g~~~es· to pri;,vii!e s_µp~r'Lo:r: ~~erent 

·!Stability· an_d _cont_ro.l cbar4'1t·l!datf.cl!' were eatab.Ul!ihecl·.· 
~etie ~eilign gui~ea .a.re. related· t~ pit;chup, pitc~ c9~trol. 
d1r~ct1onal stahill.ty, arad. a11,eran .yaw and ai:e dlir~UBsed 
below· in: rel·ation to· "I.rig_ pUnfoi:ui1. horizontal. tail 1.~
tion, fuselage· cios.~ .SJiaP!!I,· ve>:t.~al s~bilizing sm:f.Jc~•• Iand ai~e.1;on-· dad;gn_, · •. .f 

(U) Wing• Praa:form • ··fitch~p ·c~it!!tia_ -from.- }\e~r:ence lO 
I. 
I 

-are presented ~- .l'f.gµ~e ·3,4-1. 'nle·l4ng _pli.nforin pitchup.· •
~dary is ,g'iven .a:a a funct: iOP .,o:I: t:he. wins 11:l!P•~t r~tiP.. ' laarJ. !iuarte"I! ·cbord !iweep iJ.1 the ~pper pl~t of i'-i.gure·. -~ •.4-1 ■ f·
Qonflguraeioq 40'~» falls pear the bouoduy -in ·the sa.ci,s
t:ic~ort. ·regio.n.,· ·-P.ro~11_1ity to_~~ ~~c1u;, :in ·-~he s4tia- { 
~ac.tor, rogfon- is dea!tatita in L:teil af l&l'ge 'displacement· t 
below "the ·boundary-~ In, genet'al t "ttie severity· of tb.• a.table_. i 

i
i~3 I' 

\· 

j. 
t 
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·1· 

(ir) Table .3 •.4-1 RA.,ND~ING-QUALITIES .DES:I:~N .RATiOttALE 

llENEF1TS DERIVEDCONFIG. DESIGN APPROACH.OBJECTlVE 

•WING GEOMETRY (A~ Yli. A RElAT!ONSHIP) etNCREASED .COMBAT A~i!.ITYNO PITCl:IUP 
•TAllJ.00,TION (LOW) •FlA.L MA.NEI.IV'ERING POTENHAL 

AND PENETRATION INTO HEAvY BUFFET 
WfrH NO PllO.T fl:AR OF NOSE UP
TE~D~NCIES . , . . . . .. 

'---------f----...;._-- --------- ---+---------------------
NO AILERON YAW i • AILERON LdCATiON (AIL .N.T. RELATIONSHlP e RAPID COORDINATED ROLL

! FOR Cn 8<1 = 0) . . . . • PREtisE TRACKING . .. 

! •VE~TlcAL STABILIZING Sl,IRFACES (Hi v.~T. Vol.) • ANTI SPIN 
l------------"---------------'----'---+-~~-~-'-'--'---'--'--------

NO WING ROCK \ oWJNGPANEL GEOMETRY (O\MBER,. TWIST, •POSITIVE EFFECTIVE DIHEDRAL 
I L.E. DEVICE) . . . . •STALLING OF LEADING WING PANE.L 
I, own~.GPLA.NFO!Wi (HiCL a: fOR ·INHERENT DURING SIDESUP .At HJGH ANGLE~ OF 

t:: ! ROLL .DAMPING) W ATTACK ELIMINATED . . 
~ 1------'------'-'-'-"•~------------------,--+------'---'-----,....,-----,------l 

1iN.O DIRECTIONAL . • VERTICAL TAIL GEOMETRY AND.LOCATION ·• 1NC~EASED COM.BAT AGlLITY AND 
DIVERGENCE . (Hi V.T. VoL, ARy,-, V.T./WING/BODY SIDEWASH .MANEUV.ERABI\.ITY ' 

! RELATIONSHIP.) •ANTi SPlN.i •FUSi:lAGE FORESODY CROS$ Sl:CTlON ~POStTIVE DYNNAI<:: DIRECTIONAL STABILrri 
, •VENTRAL · •NOSE SLlCE ELtMINATED! .. . 

j . .. . . . ' . 

CONTROL IN STALL i • TAIL LOCATION (BELOW WING QtORD PLANE GPOSITIVE CONTROL IN STAll 
; tN LOW DOWNWASHREGIONAND BELOW.WING • iNCREASED COM1tAT AGILITY 
I WAKE) .
I . . . . . . . •All./H.L ROLL INTERFERENCE MINIMIZEDl 11AILER.ON LQ(:ATl◊N (MID SPAN/OUT~OAR0) •SPIN S0$CEPTiBILlTY MININ.iZED . . 

. .. ' . 
INHERENT DAMPING ' OAEROD'l'NAMICSTABlllZINCSUR. (HI TAIL. Vol,) II FASJ ~ETTllNG TlME 
{FREE AIRFRAME) . '. •WING P!.ANFORM (Hi CL a.W) e. STA!llE GUNNERY PL~TFORM · 

• P~EOSE TRAO:IN(,'; CONTROL 
'"------~-. .,__._.,,_i___·.~•-'•---·... .:~--·---·---•----'- . -·~--- ----,------------" 
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break b the ·wl~g/body •P..i~ching moaient- ts- propor.tio~l t:o· 
the dbpace111ot1t :v-a"L":i..at:-f,.on·, bel.ow t:he ·boundary: .Severe 
s·ta..biU.dng b.re~ks· ~•v~ a det'rimental. effeci: in re.du~ing 
the -¥.n.euvering cont;;rol power, el!!pepi~J,ly. for a low horl
zonta-1 ttail location. 

·(o) Low ilorbonh.l Tail • Horlz<,ntai ta.11 p-~aceme,il;_ o"f: tJ}e 
401B C(?~figu~at:lon- fails. in ~h_e low-tail ,:egiQn 1to11 in- the 
-lower -plot· o"f Figure. 3,4-~. ·Th~B- low tati posit-ion,. in- cqm.-.:
biriation with_ ~he goo~··wing planform p:Ltchup ch~r-.c~ed.1tics,. 
a~s1,Jr~s- near l:inear pitclting 1ilolilent cb4'racte1'.is·1:;1c-s ;ar; S.'Jb
stinic arid tr-an ■.op~t: E!Peeds. 'IJII! horizqntal tail- :b.eiow- ~be 
wiog c~or_d pla_n~ :is in the low downwaah: r.esior& -to .proYld~-
-tq~ 4e,:t:rable aft aerodyn~mic'"c~t;.er .p~1t!on at low. aub• 
·s(?nic speeds·, The low· tail. ·re\lll&ins in t~ ~ow· ciow.~as&
regian: as the airp-i_ap~ rota.tes to )dgh angles of attack ana, 
Ill~ t. _pr;ecludes ·its .pasi'i,rag. dt;ern~tely,· ~rQD!: h~~ t::a· lOl\1 
d0wa1Wa1ib .x,egtons as it. passes -tllr~h -the·--~ng wake.. The. 
res!J.1.t· ~s a des-:i..rable .near. .linear pit~li£ng· ilioli1el\t: C1Jrve to. 
.high a,ng_les of- att•clt ■- ·the hoi;i.z~ri\:at ta:t-is·. moun-t.~d low 

'and.aft on th~ fuse14ga exten~io~a alsQ provide high trim• 
•iiJi~ eff.~ctben_e,s., ~nother iuipor~ant aspect -of the low 
tai1 is tha.t ·it .111~~imize• the ·trausoni.c- •ft aerodynami~
·c.~~t~:r i.;rav.el-, . the; low ·br:ri;~ontal tail ~" -~ key feature ii) --
co1;1£tguratio',1 ta,~1; of ·aa air -•u-pedority ·Ughter, 

(U) Fuselage· tfose Elliptic!tt " $:tat1,c: di~~ction_a._l a_tab"ility 
i.s tJie most sigpiflcant aerodynam~· ded.vatit,e affeC"ting. . · 
14"1;eral-dtr.ec:ti(jaa..l. lt~4U.-ng qualities·. Mai.rlt:af..n!Jis .ja posi.. 
ti,re ·1~val of ci:t.recitional sta)>f.-li;t.y at_ ye:i:;y l:il~ angles :of 
attack .is a- in&ttJ!!t' :0f·.majo1: !l~_iP, lmpo.~•nce •. ·A cont:n.b.~t::
ing fact9r to th~ ·<l!rectioqal ·stabilit;y le'V'.el. ia the ins_c,... 
b.i.lj.ty of ..t:1'e :fuselage, Proper tailoring· Qf t;he fµs.elJge_..-· ~ose· forebody seccion·can hav~ a pronou~ed ~f~ect in .reduc
i:ng ~el,age· instability· ~t higb angles 0£ atuok (.Ref~re.n~~
u_:··. :~nd 12 "). ~tiselage .foreb.ody,. ellipci~ity_ with th~ 111_41.j~r . 
axis i.Jl thGJ lior~o_ntal.. plane can .gl'~c;y influe(!ce the o~rall 
improvement in ·fighter .d.ir.e~tiona-l sta};~lity at high -,.ng_le11· 
o~. -atta.ck, .as :c.ep.resen,:.ed in F-1,a,i:re 3 .4-2. .?or~ody-sbape 
dlipt!ci~ baa:been .inte_~tated ii;lto the 4,0lJ5 ·des.lgn, 

·(U.) .Ho~el. t~s t data on the .P•:5 (l~f.e3:'.en0;e. l3) and· l'•l;~O 
(R~fe'l:'eniie- it,) airpl'-_ne,t a~~a.t:antiate tl.;1e i.nfluenc.e of' .8';1. 
~ll~pl:':j.cal c~oss -~e~.dcn sl'lap·e .on the·. futol•ge nose. ~-p~~rd: 
imp:,;ov.ing the d-i.J;~tioriil s.t4bili~y at _big~· ~gl~.li of attack.· 
Tail~~ff directloiial.. ~t•bllity del'i~e<i ·from_ the- F.•5 iii P.te·
sented as a fuJ?ct.ion of a_ngle. oi a-i:t~k-.in tbe :upJie_t· pl!>!; 0£ 

13.6 
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l 
F.igure -3 .4.3, Abov..e ~n· ang}e c,f a-tta:e:k. df ~Qc,µt: ~6 degr~es 

•· -&here ·i~ ,.. de_c:id.ed itiip-i:-ovement -~~ st:abi.U.t.y vi.th in(!"i!~dng 
'-ng).e 9f at-ta~_k.,_ This improvement i;.p- ~tt;ribu_ted· to the F•5 
n.ose e~lipt1c1t'y.. 

-. 
Supe~so-nie di.rec.tion•11:l s.tab:j.Utty. data· at Mach l.6 for 

die P-.100 with. -1,he verticnl :ta!L off is ala"o shown in this. 
p.iot,_ A~ an i[!S·le -o·~ a.tt&i:k of .app.rox~t,iy 16. ci_egr.ee~; 
tbere iis .a .de.fi~ite. ac-,blU..zlt\g_ trend tp. _tb,-1-!,t-gh_•angie-o.~ 

-~-1;.~l?k range, s~~- i!D-F.~oVlllltl~t b~ _s-~abili·ty :-l~el for ·the, 
F·lO(;>:·-is- als.~- att~ibuted ·to· ·tlia fmiela~·e nose ellipi:i"Clt.f, 

u·!Jo in :J:i.gar!it= 3-_.4-3. (lWtt ·_plot), a colilparison is 
:!iven of Cbe nose. ·ctUp~:Lc"ity p"f ehe- 401B _c:on':igurat::i~ ·with._ 
·t1u1t. of .the F.-j -.~o~: ,._19p. 'J!h•· nose ,UJptici_fy. is shown 
a~ -a func~t._1;>1'.1 ,of- percen.~ -·fuselage. li;_ngti.f and it. ·111. e,,idenc 
~hat Rll- thr,e.· ~Jve· es.sentta-lly the •sinie·· 1evel of e-~liptidty. ~ 
Con~eq!lent.ly-, .ft· is. pl;!oj-ec~~d tat!). ~he uppe1: plot (dash~d..I ;ine) ·tt;at .Ccnfi~:c•~•icn 40.l• -ril.l pcsse.sil the same. fi.vor:able
improvmaent. itt diract~onal stab:f.Ui::y-- at. h!:gh .-angles- .of att,ai;Jt. 

(U)- . Twi-n Fibs. and ·ventrals. - An~ther tmp9rtant. design . • 
aspect fo,llowed 1a _provJ;iling: good· dlrectiorutl iftabilil::y_ tp
~P. angles of· ·attaclt ·ls tbe location of th111 ve;,:S.c;al sta-
bil_1ztng ~ur~•~-~ the ~t i.mp.orta;nt ,single p41i:ainet:er -ln 
defin~g i:atl. ·13ffectiveriass ·Rt high -angle_s· of .e,tt;o!!lc;k :l.s the 
amaun.t o_f ver;tic~J surf!lce .area ,-bove- an,d clear ot· destfi.. 
bU~ing yQr~i.c.es g_~,rated )>y tbe .fuselagia nOse-1 the· eanopy., 
·and the :wi.i,r;/bo4y i~f:ers@tion.. On tli,Ej..basis· of .these con~ 
·s.ider.atiori_s, -outboard -tw"i:li fins on aft f1iseltge e~_tensiona 
~ith veritra.ls ~rojecting .dir~atiy ~~low.ond iA -t~e pl~~ of 
·ueper fins- have ·been selected ~o ·H!tve _as ·dfect;ive s.tab_il1_~-.. 
in& surfaces ·.to '!ei.y..high angte·a oJ; -~e;ca~.k:., 

(U)., Ml'd-01.1tboard Ailerons ._. Configura~ion. fac~ors'.whicb 
inf·l~n-c• a_ll~ron yaw h.-ve .been ":lnvesti,gated ~en: pre-t~~n-ary 
d~_dgn ·gu:f;~el:l;nea. lt has been. found t:hat· a:l.leron defle.c
ti.on pi-oduceii. y.ii,wing aitim~t pd.i1Jaz."~ly ~Y-. two effecta.1_ aaraely·J 
.si~e ~orces· j,11duee:d ~n t"'e vartic&;l ~~11/a.(t -fuselage and 
·dU(a.ren,ees. in .d-rag_ inc·rements foi' the up:"7goi.ng.··~nd.· 4awn-
. gain$ colt·t:cills. tori the. -case of _an air' ri.upcsC'iodt)' fighter, 
.niajo'L' µcf;~r,r in o~dei:: of itapo:r!t,n.~~- a.i,-: , 

l. Vertical ·tau •l<lCCl.tioq w-it;b. teapec_t; tp, d~-e:t_a~s-

2. Win~ height ·on the fus~laJe 
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l., .Drag _clf.ffiirrantial of the--up•gc>ing ve.1:1Jua: 
the" d~u~gaiqs; C~l!t:roh. 

raetor:s l and Z are. b1111icaiiy re.lated ~o- tb_e inc1."ffll,11ed pi:e~
sute field i"duced aQov:~. t.~, up-dtfl~ted .surface, iit1d ate 
pa.rticula"t'.:ly pote~l at t):~nsod.c and supera.on.ie ;ipeeds 
because_ of th.e presence of a1:·rong nbock·wa:veii.• Generally,, . 
v.ert:1.cal tati l-ccation detem,1m~s th_e Jevel o_f ,awing !119iJlent 
due} to •ilercm. Prag vai-iat:fons with, Qontrol d~flection ari 
the chief- source 0f_ adv~rse· yaw. Facto~ 3 'would be dOlid.nant. 
.only for lrlgh-a_S.pect~rat.io wings_ with outb.oard ailet'_ons. In 
:f&ct,: u~h of the factor~ b. inf.luenc:.ed by wtng planforiu .and 
.~ect;i,<11r geo_a,etry,_ wi~h sweep: a~l~- being of'. pa;-ticui.:c· im
pol:'tancl':" tci 1.~c-,:pr!i. 1 ·aud: 2 •. 

on i:he basis of the..aileron yaw invesl;i&a.t:~Qn_ resui~, 
a configuration ~edgrr gui:cl.e.line pr,ov,ldillg ,.des-ii-able· verd
cal tail loc~tlons baae(l Ol'.\ ·ail_eron yaw characteri.$.tic,s· ha.a 
been -devetop~d and is :preseDted iD .F·igull:"e 3-.·4.,._4. Vert_:Lc-.,l 
ta:U loc:a.tion. relative to· the aileron !a speci'fie-d io. "t::erms 
oi" profile angie in the vertical plane ·and pillllview' i~ngle: 
fo the ·hox::l~atitiJl plane.•. -ibe destr~'J,le ~~io1" a_f vertii!al 
ta;l. loe.ation· indi_eated in- F:tgitre 3~4..4 is baaed upon: tran:-
sonic aileron-control yawii'ig~oillent· datll .for the- numbe~- of 
,.;pecUic cqz:tf·igut:a!;ion.s listed:, Con_figurat:1-ons- wi~h 1~-rge 
planview angles t!,toa· to. have -strong. adv.ei'&C! yaw and '_thus·. 

-woul~ be susceptible ·to atl~rQn_~in.tluced 11plna. ~onfigur.a
ti(!a.s with ex.treme·l,y lQW plan-view angles should a-ts·o. b.~ 
avoided, sinee exce1i"siv.e p1:0verse. yaw i_a a p1'i.1u contr_ibµ-.. 
tor to 1-te·ra_I,-dire.~tioqfl p1l9t-ir:a~ed osc!.llatiott.s. In 
gl!ri.er.al, the_latter.·configurations woul.il n~rmal_ly .have -in,
board aileroas· ;l.n clo11e pJ:Qximity .t'Q ~ho. horlzont~L .ta_:t.l. 
Such_ an arra11gl;iment may.. g~ve-·l~rge ro_ll~control power losses 
d~e to b~dtoq~l tail int:erfe:i:enc·e effecte, It is :seen 
~b"'-t··t:ti.e ppnfigµ;-ation 4_0111 e,il~ron/vertical ~ail:arra~e.111ent 
is i:a the accephµle -region, 

A low wing :height. p0uitio11 on the. fuselage ~Jso cOJJ-
tributea. _t0 proverse aileron yaw··due to lnduc~d aileron- e:ld.e-: 

·-wash on the aft .b·ooy. 'l!he opposite effect1 pr ~dv.et".ae ye.-,, 
oc~ui:-e with· 11 hlgh win.g on· t;;he .body. tor·~ _mi_d_-wing on i:he. 
body sue!:} ae con.f.!gur~~ion 401Bt. a neuttal e.ffect from ·the 
bod;Y conti:.ibution· due to aileron sidewash is· experienced, 
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S-EORET 

3·. 4: 3 Stability ilnd C:ont;o~ )1de. Data· 

St:41,b!,ift.y a,11d .-~~ntrol ,a.haractel;'i;st·tcs -ara the fimda• 
mental ~ontrf.b~t-ioa to handiil'lg q'1alit1es~ In tll11 ~ub• 
sec:d,on,· ttie J.1Nd1ct:eir basic. atat,'.Ultr,· _,-.ad. -~~J:i:C!l dei1,v~w 
·t:1.ves uHd lri devel.0~1,l'ig· 1:l;le· pr~1c.1::,a ~aliag qualities, 
llf the 40Jll ~onfig,u~~~.io~· are pre~epte!,1~ 111 g~ne11al,.' 
·st&t'U~~d: N~s,\ :B)'lllhq.l~ and· det~nitions ·~·· emplQyed, 'Witl). 
.the- forces ·referred to the ·W:ind Jnc:ei and the. mom.ents ~e•• 
_:ierre~ t~- ~Jle ~tabil~ty axeil- exce1t 1n the ·c-sea for.. the 
d_ynamic -.dire~tion•l. &.t'abiU.ty· an~·lat,ral eont~L tfp.in. p&fa
met~,:-s·, •~~4.h &J."e .r:e.f'err.ed to· ·the &ady axes s_yst~ •. 

-3-.4-.3,l Longitudinai -Stability· and :contiol 

The two prime ·basic ,s~J:i'ilit-y oh~$.:t.E!r!lftica, D811!elJi 
·attradynamic center. and d~;r,(lto.r. ~on.t~.1 e!fectiveness ·a-re 
-pi:epent:ed aa ~nc.tieins of·'Mach number in :n~es. 3.•.4•5· .a~d· 
·3 ,4-6. Straig~t~fon,aril ianalytic.a.l techniqua, ~ceil&Jfu11y 
.usad and·_ prov~ teli~b'l~ ~~- the paet tor simUar wins pl~n
.f9m .conf.t.gure,ttons- ana tula, _have :b-een .emp.toy•d to develop
.tb~s~ cl,iar~e~t;trj.st.ic.s, .. 'lbQ. effeo.ta of aer.oaiaat:i.cJ.~y, ·bas~~ 
on f1xed~ih~ rx. elit:lmatea., hav• .ti.ea~ inc_l~d.ecl~ 

CU) . We1pt. Glad balanc~.char&c;tterta~s ~ Cpnfig'lir:a~.f.DQ 
·401B are ·ust:ed ii\ 'Tab.l,e 3 .4-2. 

-00- Table ·3.• 4-2; :WIGH'l'. &.· BALANCE 
<$RAC.rDIStICS 

(Jr9.•htf1~~ C,G:, 
l% MAci 

1~1 800 (full ·up.) . 
ii, 6.14. (~er9 fu_el) • 
1,l',:~~ 0,li.!lic .oplii:-at:ing• w.eight) 
11,58% (wei~ht ,~pt;y) 

24 •.9 
:u.·z 
2~~4 
:24.•·7 

Wi.th. a tow..,sveed a.erQdyna\l_lia a~~ca,:· of 301 ·MAC t :a~~quate 
iii ta.tii:. ill.llt-g:lu .ia p rovid_ed £01:' ~he t:aka"Off •~c!I 1.an·dio,, cond,f. ~ 
·e:Lops, Siiai-la.~l.y 1 posil;ive •~•tu: ma~gin, are available 
.th;-ou~~ tb.~ ..flight: .f.!nvel_ope_. A deta'il sUlllinatj of ~eight 
11nd'.:~alao,:_e itJ p_res~n.ted in Section 5. 5 • 
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(u)· EHima~ea pltc.h -damping: 1,s, p,;esen~~d. ,as II tµn:e,t:io.n -Q( 
Hsch -J\umbe.r 'in figure. 3 ,#-7· an~ ·a· fun!it.iOT\ o.f ang_le· of 
~tt'ac-~ _iµ· yt:g~re S.4-8,: 'P.ltc.... dynamic-model teat r!a~• (ii~~ 
Paper 4 .of ·.aefete.nce lt) subsc.lin't.iatei that the. ·blencle:d ·wf.J.lg/
bo~y :of Configuration 4018 will mainl;:d,n a -goo.&\ p.odtlv:e 
Level of p·!.tch· 4amp.ln:g. lit higlts ~ngies of :at:~act ~eai- tlie 
stall, 

3;4 ,3.,2 t.at~t:a'l-l>~_rB(:.ti:Q.nal Stability :and ~ont·r~l 

(U). Sta.tic d~rectionaL -stability' ts e;h_e inos-t ·signUicant 
st.ability ·der~va.Uve .that ·a-ffec,tS' lai:etd-dit-ec·tlonal 
·handlin,g quaL-i.tie1. P-redicted· directional s.tabil.t.ty 0·~ ~he 
twin.;_fi'ri/yel'i~ral. ar.r~nge.l!,l~t;. ls. .shs,~ :for_ ~~.r:.o '.8-ngle 9~ 
41:t!lck. !IS a 'f~nctian .of Mach numbe·r in. F:igure 3·.4.-9 and for· 
.a. Mach number ·of o·.s as a fUnc.tioiJ ·of ang1e·J1f at;t;a~k in 
J'-lgur~ 3. ,4.:10. St~ndad pre~ic..~Q_tl· t.echrµ.q~es. for -ve·i;tical 
·t~H ·ef(~c~!~ne11a ~~~e -empl_oyed. The ·varµtioo 'in vertical 
tcl!il .stabq:tzing effect:.iveaesif with a,ngle· 0f att:a.ck.-. ba:s '!>~~l'\ 
p·aute_rned .after t~e rx- !:~.fu-f~n moc;le·l ··a:at.Jl, Veaitical ta:l.l 
aer0e.las-tic effec_ts shawn are baHd up~a FX. estimatea.. T.li.e· 
.et-fec-tiv.enes.s !if the ventrals ·u, prQviding tl:J;recdOJ:1.al. st;a.-

. bility. was d~~ved· tttr~gh -pl'Qp_er vent.ra'.l volum.e -c.~ffic·tent 
·co~rec.tJ.~1f •pplled ~a. rx mode! vent~1 tes't'. data·. ·sody·· 
-insi;ablUty at 1.o~ ·angles ·of 'Att..iclc:'wils estimated- accotd1ng· 
'to ·Mul'tbQpp I s- .m.e ~od. · 

< 
', (l!? The. hf:gh- levels .of ditec~i~,l &tab~U.~ ·iflili.cat~ _goi:,d 

la~~ral~dir~t:iQraal l\andling qualittea to· ~agies pf ·,;:tt:aelc 
~e.11 ·above. limit. 9u~fet: -and· well past m'anliluve~- lilliit"1 -~~ 
shown in Figure.. 3 • 4-~10, 'Elie imp·rovemen~ in ·c!t~~~:tiona1 sta..

•' 'biU.~y' at. ·tha· very nigh lµlg;Les o.f atf;:ack. in·"F-igu.re ·3..,4..10. iS' 
·att-rib~hd. to_· _1:he .fGrebO~Y. 11·0se ellipi:tcity,· as describe~ · 
ia $ubsect:fon 3-.4 .2'. "This favdrable forebo~y .i:.or1tributi~~-
to· improve body ·-instability- at-. h~gh, angles _Bt 11t.tack: ls. 

,, based on F-·s &i1d F-100 body ditectio~al s.tabi:lit;y ~ata as 
~hown i~ Figµre l...4-l;_· 

(U) ·.Stad:-c. iate~a:l •·~ablti~y- irl' te.ms of effea~ve-. dihed,;-a-1 
is prese'l;\t:ed a·s a. ~nc.tion of Macih .riumbili!r irt Figure 3,.;-1_1. 
,and as .a function of aogl.~ of ai:t:ac)c iiJ,. rtgure·.3.•4•12-,. The· 
p-~ed'ii;tad yar.i~~~o.n~ -a~!!I. p,atte~r:1ecl aft:lt!Z: si:miliit· tl'ata 'for· 
the p..5 a_i_i:pl.ane-.: Positive dihedral effect. is ~pp~ent .ev«;;J 
to {!igh ·angleB of ·attack, the po~1.tive l!lJy-E!l .of· effec;tive 
dihe~r.:al sh9.Wll ac hig~ a~gl~s of. a·ttack pre,clJ.ideti t;~ presence 
of· ~i.'R'g roc,k•. 

l~ 
-----·--·-·..·•-..- -- ...,_,.__________,_______________ 

https://dihedl'.al
https://a.i.r:p:J.ri.ne
https://yar.i~ti;o.ns
https://airec,dor:i.al
https://p�redicetQ.tl
https://in�"F-igu.re
https://att:a.ck
https://s.tabil.t.ty


.... 

..i..2 
·2'\Cll ·.IIUHBQ 

1•.6 z.o 

l 

:: ,. 
(U) -F.f.gure _3 .• 4.;7 Pitch-Rate Damping vs ~ah 

4 &· U 16 20 
-~Nl:ILE OF•.A~K • D11gnH 

P.i~Jl'!it•t- l?ll!DJ>il)g VI ~~e of A~tack ..:---- ~-

I 
---------------------------···-·-··-·----·-·-------- ---·-----· ·--·. -·- ····- -------··-·-----·-----···-· ···------·--------" 



i 

Qn./1, .003 

•Par Degna 

··-1-· 
i~--.-:.._ 

\. 

..'.1.46 

·.. 

·• 

L______ 



.i. 
t. 

I 

0.8 l,.,l. ··1,.6 

I 
l 

+,.i. 

·*a flUIIB!l 
..: 

.. .. , 

,'.. ' 

. 
. 1 

. f 
.:·. 
~-· ·t.. 
,:.. 
\" 
:.. 
;.: 

..+ 

.14·7 

I 

https://F~pe-"3,4�.ll


r 
'(U) The vadafion's__ of aileton cont:-ro-1 e#ect;iven~as ~it}.\ 

Mi!:h. numl>ei:" -ai,d- aagle of· att;,ck__ !1,l't!! s~own in F-iJ~i'es 3-.~.--1_-3. 
an4· 3·.4-14, resp.act!.v.ely, 'tl_\e_!le da-~ are ba~ed •directly 
upon tran11onic toll re,.ea-rch -m_oilel tests· (Re-fijrenc;e J,S..)_. 
Adequate aileron ·c·ont.ro~ effect:i:v,enes.·s; i.- provided to .hi_gb 
•ll&l:es of ~t:~aek. ~sti~_tQ.d _aer~elas'tic E!ffecbr· on -aiieron 
cc;>nt;r~l a~e ·M1c l~ded ·and show.. ~hat ade-quate ai-ler00- roll.. 
!=cmtrol effecciveness ··:l:s. mairitalued t'hr.ougn.out t.be .-flight 
envel~pe_, '.the m_id·~1nJr deatg~ .concept all.ow; a hilJhl1 
e.fticiel!t, tM_ck 1 wt-ng· r_9ot:. ·st:~ture, which, ,-in. _cortjunct:l.on 
wft;tr t~~ lot.1 .-•~:~~i::-ui:al =·a,spec:.t. ratia of 'the wing, provides . 
a ·Mgh1y. rigid wing air.£1.:ame ·t.Q P.r~J-.i~e ,_e'r:~l_a(:1-tic- a,il.eron 
roll reyersal. •. 

(U) ·The ·predicte~ yaw due to ailer,10 ·.deflection, cQnpatib1e· 
witb. the roll e·ffec.t-1veoesa j:ir.~d.1c~io.tis_1 ~s p~e_sen.ted _as ~ 
flmcl.io_n ~£ -~c•~ number .in F~gu-re 3,t·4•~ llnd aa _a- function 
of angle ·of attack in F·igilre :3 .4-·16.,.- Thes~-- p~edl,c:te~ para
metei::s -·are· based- ·on ~he resul.ts of analy.~es o.f a:va:Llah.le 
!:e11t- ~~ta -fo_r. sl•ila_r C'~!iguratlons.- The pi:-imary_ c"i,rifigura,• 
tiori e-ffect:s were ·isolat!3d.. arid· t:he vq;tues- were e_-s-1,:ima..ted for 
th!= ~Ol_B •rr.al'Jgeijlei'lt:, K~te~ :p,artic~larly,- ~hat_ ~If .·.demon• 
s~rates: a· relative·ly nsll V•r;-;i.ation- with- angle- .of~&- ilt:tiac:k 
and ·does J\OJ:: fis·sume :li'e_ry .large- .,it.dvetjle or pi'oversa Lerels_ 
eyep at veiy ·h:!,.g~ ·f_U.ght attitud~s. 

(U:) R.uadar aff'r!ct!~enes-~ is .pres.ei_,ted ~s: 4_.fµact(qn· of Mach 
11:Ui!lber 1-l.'I- F.ig~r.e 3-(4-:-17. /.er~~last;ic eff,cts O'i\ rud~er 
~£.fectl-veneas ·at'-e based .~n r.x_·.e·eti111at~s.- A:deq~•t~· dtrec.
t!gn~l. ~on~ral µ .~vaila~~e ~h-t£?CJ_ghou~ the Mac::h..,.lt-itJ.J.c;le, 
~l:lghc _-env.e.lope·, · 

"(U) Esti.inaces of ·yaw~ ao.d .roli•ra.t¢ damp"ing P.!lr~J:;ers· ar~ 
p-r~,IJEint_~d .as ·• fµ1:1ct1on _c,! Ma.ch nUl?.~er in_- F:igures 3 .4•1~ and. 
3 ,4.,19., respectively.. 'l'bese _parameters are used in ea tli.:blis.b
ini ·the la,teral ..;"tre,c t_i9na.-t ~t:ee.-ir.irp l11ne dy~41!lics .•. 

J.,=4,lf Handl-;J._nl.',-. Quitlttiei; 

A- :limited anal-ys_ts of ··the free. a1-tplane h~:nd:ii1'& qµaU
t:;i;_ss_ o_f cci~figul."adon 401:B-. (igh·ter- baa bee_n co.ad.uc ted; In 
s~. ~ases,.appro.priat:e f(IL-F-8785& ·epeci~ications- ate. 
ii't'dic«ted for• comparative _purp9ses • · 
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SECRET 

(tJ)· . ·Pert-1:.n~t;· ~an.dJ.igg qua-liHea _for ~tie pr-imary. operating_ 
.condl.t:io.ns ·in--tbe- i::ombat rsg;hm, showa in -Fi&uZ'.e 3.•4:'."20., 
have been fnvestig•te~. to ~~ab-Li~~ the p~edict~d-comba.t 
.flight cbar..acter:i,s.ti!?S of. ~he frea· airplane., 'these. 
charact~~tsd~s Wi-11 ~ .eu~a11ced .by a simple. ·stab:Uity an~ 
c011m1and .aug~tat:Lcui- s.y.st:em.,•. . . . 

G.ross W~igb.t 
C~nte~ ot ~ravity, 
Pi·t:*h Inertia 
!aw Inerti.1 
Joll laertia 
w_;n_g Ref. Area 
MAC 
·tUng ·R~f•. s·p~n 

3.4·-. 4-.1 Dnl&JlliCS. 

(U). . . :Lo:a,.gi.~udiaal shart..-pe,;to:d frequea~y 9haract:er:f;st"ia• are· 
·presented ill figure 3 .4~2l tor the free a-1:i:p_lai:ie ~ J(eq~~.. 
ments .of--. M~L-F-8_7$~B ire ~ndlcaJelJ for_· compa;tat:t.ve pµrpos~ 
·ool,: to 5.how ·t~t: al.l of the ·eombat fl_ight. conditions . 
iaves·tig~tad fall it1 th.e slitisfactQr,"-Level l .t"~gio~.~ Un• 
:augmented ah,i"r.t:•"j>eri.Dd •pitc)l'!!damp~p.g ·ratios .f.o-,: ·tile c~_rra• 
s_po_nd;lng; ·£light c·onditiona are ·t~bnlat:el:I :L'n the legend· in 
_Ftgu,:e 3.4-U, ~-iod freA!'aii:plana ·damp~ ras;ios-· are e.vl~ent-; 
·however, tJ:le a~gaiesita.~ion 11y&te&11 will,. ~thH ·enhance tlie.ie 
cbaracb!~is~i.ca, 'J:bei·e data ar_e. in:di~'1tiva. af· ~ -~~_J,lent 
.long_i.tudli,a.l, :short-perj,od· dymand.c. char4c~er~~ic;• t_nherntiy· 
deaign~d-in~a th~- ~QD fighta~. . 
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(U)_ F'"t'ee aicpl~tUt Dutch i-oU. freq\.lenc_y as·_a function .or: 
dampin.s- r.atio -ts p-re_sent·ed_in F-igur&_ ~.4_-2.2. ,-tit--F:-878.51! 
re(1ulre111EH}ts- foe: a,tegpry .A (-c_pm1).._t) f Ugh,: pha,~ _ar~- irupet
-~l'!IJ>Osed. for re.feren'ce pur-poses, The arlily.i~d flight ··c~ijk 
tions tdl ~" the Leve-1 2 .requ:l.t~en.is ~eai.on. L~v1:!l 2 
'E:¢pr.es.ent_S,· hand ting qµa~it;l:-e~ ~d.equa.te· i:i>· ·accomplish the 
misslon hut -wi'tll SQl!le incre-asf!- i.~- work· load_-,_ C~nseq~•nt.ly_, 
&~hie.veiu~li of ·.J,.:ev·e-1 Z :1.atei='o.i-dir¢c;tional ~~•m~c::s ·:wtth the 
'free:· al:rplan.e· demonstrates the results of the saine. c•r"fµl 
-d~dgl"l tiij!_c ·p,r(!d))ceci th.~ so.Pd longitud_inal- dynamic!!, ln 
_both l(?ngi·tudlnal .a~d- la:r:etill-dl.·rectiond, 1119.dea- 1 i;h~ ,~ln,_a,1 
,augmented hand Ung_ quq:litie- of. Con!:f-8"-r.•t::ion 40l'S· ~ill bJ 
tu.r1:fi~r enha,nced b_y t_he sta~i~it:1- a-nd c.ollimand· augmi!nt;11t·lon· 
sy.st'em. · 

·:J ,4 ,4 .2, Trim Conti:ol Power •· 

(U). ~- a.11-mov.~ble hori.zontal ta.it -11urface .is ·used to 
maxµu_he ·c!)lltrc.i". e-ffect:i.ven~ss· !l_t- supersonic .i;pe_l!d. .uas.e~· 
1.1po11· ·an _f.nflight ·afc;· i: ,.g. :o.f 2n'.KAC~ ad_eqUat·e -longitudinal 
~aneuve·ring-.resp,,_ns.e co.~_t;_rol power .Ls avdliib'le· I& d,emon

--_, 
st1:a_t~d' qy t_he t.r:l.111 ~ilpabilicy s\.inunari.21J~--1~ -~&~le ·3_.~4.-4~ 
Tr.im deftect-ifins. havf;! abo been f!stimated "to estaJ,lii,h trim. 
-drag polars for the ~~tforman~e analysis tn su~e~t!9n ).4. 

TRIK-EL-ev.Atoa ,oa:_LI'MI';l' 
LOAD FAC1'Ql 

All:-, (C,L)d ~"l.. 
t ~~ 

30,000 •.8 1.-3 ~6.S 

J0.000 1.6 ,3:26 -6·,_6 

The tt'f..n! d'-f.lections noced .above- have been es.eimated for ~ 
typical: combat: wing toadlng. 

_(U). Ombai: 111anoo~er cti'terla ·dic,t~te. gopd -han.dlln&: qu,-l!ue, 
lip to ·lsl1e .max:f.mwn ·w.tng ,11~g-le "of_ ~t:tac~. as· determined by. . 
·.a1u:-od11.·u1111ic stall or airf.r_ame stri.,ict:.utal -limits. :.Crbu l.i;ft 
·chat:il~te.:ri!irt.icB' a~- t~e ~~h o.~, 30,.000-fo..ce c:_o_ndit<i.cin. are 
.i:111~1.ent~d in Figura ~ .,~·-23. The- p!.t'ch contro-1 power .is _ 
_si:ffi-c.tent to deve lDp angles 0f att,·ck ,~~.r.espt?nQ:l.1'g t~ ~he 

'm•xiaum 1ift ca~bility ~f the-~~rp~n~ within the opera
r:.ion~l envelope_. ~~.fe-renc.e to Figure :3,,4--l.O ··shows ·tM1: • 

15,6 

l 
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gooµ i.eyel cf· stadi: ·dl.rec:ti:ond st:.-~bflitJ is cqaintatned 
·thro\igboui: chis angle-of•~ttack; range. F~het,; .a, discussed 
_1:i.elcw· ii'! Si.4J;;~etf~"i0~ 3~4,4,5,. in the ,~ynim~c db'ecti0nd .sta
·:billt.Y and J;he l&Utal con.trol •pin ·-pa.tame.ts~ qe111Qn,~a,ate 
high positive leveis Iii: ,the ·1;1gli :angl_e& of 4ttaeit-, t~t can 
·be deve.lop.ed, .These pod~ivQ"_ ·r.;ll~e~. preclud~ _yaw· ,d1:veri·~nce 
aad ·1n41_ca~e tr;e pn~nc~ of- high· spin :cesis:tanoe•. 

3.i:4.4.l .Maneuver Gradients_ 

(U.) Elevator :ma_neuv.~·r gt~dient,\i {IH/g.). h11.ve beel} ,estl,m~te~f 
for i:he ~amb-at flight ·cooclit:ions ·and art;! lisl:ed· 1~, ·-Table 
J;4-S~ . 

table· 3 , 4 ~, ELEVATOR :-HANEOVEl GRADI~rs 

ow .. i6,800· iti 00 .@ :2·!$% "MAC ., 

I 

l 

Di;iri,ng .Elig~t:: oa: the ,:leek•._the· man~ver- .gradiei:lta -are. rela~ 
d.v~ly· low~ De~igo of· a. coaimand -~gaiim~~t:l.o.n system. -Will 

.lll!is~ :~he· ef°f~cts 0~ ;i:~ :l!·a/g .v.\l·.1.ues· fro11L the- p"ilot:· ;and. 
prpyide- ri~a; con·s.tant attc~- for(}e per tf c~i:'.actar:istic;,i •• 
Al,s"o, the ·11,t.ic"k forQe _gttut~~nt (~-H.18) is\1p_P.lied by i:~e pi~h 
·col)'lmalld augmenta.t!oil b.,;low ~ g· wi-11 b11 .de~2,111ed fo~ 3 i:o· S 
1),/g w:tth 11: naar\y ._conai::.aqt; r:e)..,1/ltioaship. In add1Uon, the 
a tick- £:ore a gi:ad:1.en_t wl,11 \\e.". inq~c11Fed· -above 6 .S-. to· t;bree 
\;iin~s the n·otma} va\\._le,. 

. 3,4.4.,.4 1loit ·Response· 

{U) The 401B fighter is ·h;.tgb,ly resppnsJve t.o· pilo,t roll 
c.o~d as: evidi!QCe~ ~n 'E~ble 3,.~.-~ ~y .tne··bank.ang-1~ 
actlieved in -1. second for -full ·ttic;:.~ ·tJJ,~cn,·.~.t the.· cOll!b.ac 

~s~ 

,, 
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fl~ghc condittons. The r9ll n•pon~e -~oted· in Table l.4~6 
is ~epre'~en~tliJ'~ pf ,he uqaugmented f·ledbie airpl.aae. an.<$ 
:f.nq_lca.t~s- amp:le- .ruu.:co'nbiol powet~ •v•"Uab~lity. i. roli• 
_co11i:rol c~acid au;caenta"t:iOJl 'system c_a"- b-e ;Ln~orpo:,;a.ted to 
moderate -the ·exceedingly btgh.. roll i.a~~• .il)>~~e, 200 degrees 
per second. a,,~ will tend t~ hold" constant nsporiu1 -withf ·iraryi-o.g dy'!am:l,c p1:.es.•Y.rcu1, 

r 
_{U) As: 1nention·ed .prevlo~~lYi tbe- mid-wing :plac-em~t ·ti,. ~Qd

jµnction .wi~h th.i=_ ·lcm- .;tnict:l't&:l-wing .asp~c;t- ratiQ ..i;lff.c:ir~s 
a ·relath"ely. rig-id i'lt-rilct:u~al wing -ftame_. ·tbla..•·:U~ 
aile~i to be·used ·eh~ougho~t the -(~igh~ envelope without 
encou~~a~ing ~e~o~lastic rot~ ~ve~sat •. 

.'J:aJ>.J.e ·a .-_4-6 rut:At~~ ~S)Lt..."RE_SPONSE 

Mach A.lt_i-tude 
lit.) 

BiU'!k ~ng~~- in · 
l, Seca~d (dei:i:\ 

~8 ·sL .16:& 
,8 ~-51.00.0. 199 
::8 

1.2 
30,.000

st. 196 
101-

1.2 15,000 269· 
l,2 ~-~1.Dt>O l.6J. 

~-.4.-.4. 5 ·spin Resistapc~ 

.j . . Two iu!P.Orta~t para11ieter11 tb~t: .ai-e pdllie ia,di~11t~r~ of 
sp_in su~c~ptib!l:lity (o.~ .degree ·1,1f spin ,;eaiata~ce) are_ the 
d1.11emic.:""directiDI!Jl•stabilitr paiameter and· the. 1ater~l· 

.con~~ol. ·spin· parame~~r (~P). Each has bee·n. ev1(.l:ga;ect·a~ 
-~he .Mach· 0,8, :~o.ooo..,foo.t conai~±on. and· are pres~nted. aa· a 
function o( _linsie .. of •~1=~ i~ l.';1,.-gure- ~.4 ..24. :li'lcr.easi_ni!i 
:positive· valu,os of these two. perimeter, .are _l'ep_re&entatlv,-· 
of· iricteasing·sp_in ·;-esistanc.l!i; ·'.rhe .curves of Pigura 3-,4-24 
-.iniiic!Bte ttu,~ posit.~n leve1a 4re." maini:a.ined. to Vi!t'y ~j.g~ 
angles of ac:cack.~- .such levels -indi,Qate. t;ha_t •t\lez:-~ wUl J,e· 
~ "high ·spin r.es-istano.a and -t.hat t~er.e- will be- no post-stail 

··yaw: depar~~e. Tb\1,8 1 ~he- fighte:i:- ptlo.t .. ~an IUHUYer :tne. 
401B conf-ig.uraticm .to its maxiinuDi ·pi;,t~n~ia.1 with ·fuU ccmf·i• 
det1~e tbae ·it nai ao pit~h up o~ yaw· divargence·and is 
high~y s_p~a res.1·,ta11,t, · · 

16°.o· 

(U

,. 
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	.. ·(U) The leacH.ng_-edgea--.f:la~ 'design on .tn~ .wind tunnel model 
	Cf/C ~ 18% at the ~opt 
	Cf./C .. :3~ a~ the .:tip 
	'!:'his:. is. identical .~o _:the le!idi~g--:ecise llian~uver f~p d.e,tgned -for °Con,fig~r.a~ion 4~lB. . 
	'l!h~ oniy 4dj~~ments made. to the· te,t data a~e· 
	L Ao lsp·e-ct itatio corre(lt'iori of J .0 to 3 ,2 ... 
	2. A ~Jc ~orrection of .035 to .040, 
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	3.3-11. . 
	Trilli_ drag· is: def'ined ta be· Che d~a'g. i~reme1;1t at.. c;on• 
	•~an·t Ct betweea tbe·.~a ., ? .. poLar· aa~ the ~H • 6Htriia· polJr 
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	(U) Tile_ .longii::udin~l ~.ta.b'iUty ch~ra.~ter:i,sl;:ics-. and hor'.1
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	3., j ,4 Trimmed llrag t'olars 
	l'h.~ =t.E"iflll!lr.d drag-polars 1.1sed. in the ·perfon..a~c:e C::.li"~~l~t:tons· are shown in Fig1,1~es 3.3.l,4 th,:oug1:i. 3.3-"-_19. The hi:gb CL dtilg pola:t!i used. f_ar t:'1e -~e.rg-y-maneuverability plots are given .in Fig,ure 3.3-l8. The·ti:immed dr.ag p·Q.l'1n used · in tak~Q"ff 1111d 1-an.diag ·c-alcU:].~t~.ons !l~e gtve.n-in ·3,3~19 •. In Figu~<,is 3. 3 ..-20 ~hl!'.QUgh 3 .3-24, t;he same data are -plott:ed on th_e b.aiii:s of CL)(W/$)" versus: _tp/(W'/S), · 
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	3,4 STABILITY, CON'.P.\.QL1 ~'ND ·~PI.:I;~ QUAL:I'rIES 
	1 
	(u). Handling qu~l.itie~/stabillty aad cont-rol s:tudies, have: been prliiiarily directed ·t:oward -ident.:l,fying des~pi ·featur.:es.· 
	I 
	necessary t:ci provide e~cellen~ ·handltng. qu.~lities. T~ia .I very d~an<iing .goal, _is b11.sic:al_ly .achievable through proper 
	. .. aet.odynamic ·cqnflguration tailodng to ensur~ sup.erior i~-· 
	l . 
	: hereof loi:ig~cudlniil a.nd 1ater~l:-d1rec.tional 1J'tabiUty and
	.J
	·control. Pertin(int results of the stability and control d~.s~gn. techqlque$ and' the. app~oach ·fo;J,~cwd in support 6£ this deµianding goal of .imcellent' fighter· ba1tdl'l,ng ·qu~lttles: 
	f
	are. presented -.pd· dis.cussed J,n this •.ection-, 
	.J 
	J 
	.3, 4. 1 ·ttandlio~ <l!,l~litte1:1 ·Design Rii,t;;l..onale 
	(U) Specific stabiUty imd control desi~ cl>jl!ctives tba_t;: wet'."' -fc:ill,ow¢d in. the iie.vel(!?me~·t: c~ 401.B for . ~cel.l«:!.n~. handling qualitles in :the coin~t reg!~n are list~d: in Tab1.~ 3 .4-l.. The ~ey fac:torl!l in. conf.igtl.l'at1o1' des-;gn devel,op111ept are listed in the. tab'l~ for ·ea.ch of ·the· obje~~ tives. tlajor b_enefi.i:s .co be derived fo.r each. objec~ive are. also ,ricted. . . 
	l 
	(U) In .addit~o'n ·to the 0bi:ectives listed in -t~e ta.ble, ·.loll inertias :ar~ ·desirable fol!'. !mp,rov'1ld maoeuv~r response wi~h 1ilini1UU1D•flize.4 c.ontro1 .and atabiliiing su_rfaces·, 
	I 
	.1 
	3 ,4 ,2 Stability and ~on~ro\ Desi,gn Tech'cd,_q!,les. 
	r· 
	(U) Gejlel;'aJ. desi,g,.,. iu~~es· to prc'.'ide s_µp~J:<ior ~n~erent 
	t
	·st:abil:Lty· an.d .cont.ro1 charact·eds.tf.c11 we~e established. These design guides .lire. related· 1:Q pit;chup, pitcn c1;>~trol, directi.on:al s tabill,ty I aod. aneron .yaw and are dili'(:UBlled below in• rel'ation to· ~ing_ pUnfol:lll. horizontal. tail l.o.c~
	j
	tion I fuselage nos.~ .sflap~,· vert.ii;:al s~bilizjng au:rf,11.c~s,
	and ililerop.· diud:gn_, · • 
	. '· 
	1
	(U) Wins• Pl'an:form • f:ltcbup cdt:eria fr:om. }\efer:ence l-0 I .are presented 1n :Figure ·3 ,4•1. The ··wl.ng _planforin pitchup: ; bO\lndl!lry iG :given .4'8. a' functioi:i ... o:E t:he. wins alipee.t: rati.!)_ • acid-quarte~ ·chord sweep ,-,, the µpper plpt of ·F-:1.gure l ..4-1, 
	f·
	i;;onfi.guraeioq 40'1.i» falls s:iecr the bouoduy -in ·the a~ci,sf.act.or1. ·region.,· ·P.ro~mity to t;f!~ b1>1,1,fld~y ._in ·1:he s-.t:is~ f ~actor.y rogi•on is des1ra~le in lieu at· ]4rge 'displac:eme1l't l below ·the bou11dar.y-~ In, gener'al. ·the severity· of tb.~ stable,. i 
	i~3 •' 
	t 
	i 
	j. l
	' ~ --, ,_ -, -. ,-(.
	IUJJE.::Jlln¥.J;JtJ:L ...,.J.....n.L ,Ji.. ' ·. 
	(ir) Table .3 .4-1 RA.,ND~ING-QUALITIES DES::t:(;N .RATIOttALE 
	llENEF1TS DERIVED
	CONFIG. DESIGN APPROACH
	OBJECTlVE 
	•WING GEOMETRY (A~ vs. A RELATIONSHIP) 
	e!NCREASED .COMSAT A~il..!TY
	NO PITCl:l\JP 
	•TAllJ;OCATION (LOW) 
	•FULL MANEUVERING POTENHAL AND PENETRATION INTO HEAVY BUFFET 
	wir'H NO PILOT rEAR oF NosE Lir
	TEND~NCIES . '. . . . . .
	1---------f----...;.__--------------+--------------------
	NO AILERON YAW \ • AILERON LOCATiON (AIL ./It.T. RELATIONSHlP 
	e RAPID COORDINATED ROLL! FOR Cn 8,c = 0) . . . . ~ PREtisE TRACKING . .. 
	•VERTlcAL ST.A.BILIZ.lt',IG.SlJRFACES (Hi v.~T. Vol.) • ANTI SPIN 
	l--..--------=--------------'-----'---+---~-~-'-'-'--~------
	NO WING ROCK : oWINGPANEL GEOMETRY (~MBER, TWIST, •POSITIVE EFFECTIVE DIHEDRAL 
	I L.E. DEVICE) . . . . . •STALLING OF LEADING WING PANE.L
	•wn~G PLA.NFOAA't (HrcL a: fOR ,INJ-tERENT ouRtNG s10EsUP .At HJGH ANGLE~ oF t:;· 
	! ROLL .DAMPING) W ATTACK ELIMINATED . . 
	'4'" 1-----'------'--'-'""•~---------.........------,--+----'-'---'-----,--,-----,------l 
	N.0 DIRECTIONAL i. • VERTICAL TAIL GEOMETRY AND.LOCATION ·• INCREASED COMBAT AGlLITY AND 
	DIVERGENCE 1. (Hi V.T. Vol •., ARyr, V..J./WING/BODY SIDEWASH MANEUVERABILITY . . ! RELATIONSHIP-) •ANTI SPIN.•FllSElAGE FORESODY CR.0~$ SE.C~Tl9N °POS1T\VE DYNNld<:: DIRECTIONAL STABILll:--i 
	; 111VENTM-l · •NCiSE SLIC!: ELtMINATED 
	j . .. . . . . • . 
	CONTROL IN STALL [ • TAIL LOCATION (BELOW WING QIORD PLANE $ POSITIVE CONTROL IN STAll ; IN LOW DOWNWASH Rl:GION AND BELOW WING • iNCREASED COM1'AT AG!(ITYl WAKE) .
	I . . . . . . •All./H.r. ROLL INTERFERENCE MINIMIZEDL◊~TION (MID SPAN/OUT~OARO) •SPIN S0$CEPTiBILlTY MINIMIZED . . 
	.. 
	INHERENT DAMPING. OAE:RODYNAM[CSTABlllZINCSUR. (HI TAIL. Vol,) II FASJ SETIUNG TlME {FREE AIRFRAME) . '. • WING P!.ANFORM (Hi CL a. W) &. STA!lLE. GUNNERY PL~TF0RM . 0 P~EOSE TRA.O:ING CONTROL 
	'-------~--.___._.;,.i___._~•-'•---···· .:~--·---·---,----c.-....;...,...___ ·---,..-----------" 
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	(U). Figµre 3.• 4..1 NASA. Pitcb-~p driteri.a 
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	break in the ·wlng/body p#ching moment-'is propor:tion~.l to the d:lsplacel!lcllt :v.a1::l..ai:i,.on, bel,ow t:he boundary: .Severe s·ta..bUizirig b.reaks· have a detdmental_ effect in re.du~in,g the -~o.euvering cont;;rol pow.er, e!!Jiepi~l,ly. for a low horizontal tail location. 
	(U) Low ilorbontal Tail • HarlzQntal ta.11 placeme,nl;, O'f tile 401B cot:ifigut•ation• fails. in ~lle low-ta.U, region 1to11 in-the lower -plot o'f Figure. 3 ,4-1. ·This low taii posit·ion,. in cqm,.. bitiation with. tbe goofwing planform pi.tchup cli'8r•.eteri!Jtics J. ass1,1r"s· near linear pitching moment ch~ractet'.!s·tics ;ar; s.1.1b·stini.c Brid trans_O!liC E!peeda. 'Ille. horizqntd tai1-.b.elow the wing· c~or.d plant'! ,is in the low downwaah. region to .provide· ·tll~ 4ed:rable aft aerodyn~mie•cl,
	dcwa\walili .regions as it passes tl,ar!)Ugh -the·..~ng wake.. The. res~l,t· ~s a .near .linear pitcihing· iljomeq~ curve to. .high 11,ngJ:es of att~ci; 'rhe hor:i.z~ti~ai taiis·. moun:t~d low and .aft on the fuselage-ext~nsio~a als9 prov,ide high trim• mitlg eff.~ctivene$s., ;.nother important aspe:ct .of the low t.ai1 ts tha.t ·it: 1t1:l.riim:1zes the trai:isord.c a.ft aerodynami~
	-.
	·c.e~t#r tr&v.el·, _ The: low bQ~i.zon·tal tail is -~ key feature in 
	co~figuratio~ la,yout; of ·an air -~upedority fighter, 
	(U) Fuselage Nose Ellipticity ~ $:tat:f.c: dil.'e~tion_al s_tability. 
	i.s tJie most sigpificant aarodynami~· de~ivati\,e affecting. _ · 14tera'l-dir.ec:ti~no._l llan~Hng qualities·. MidJ'ltaini,:ig .ja post.. t~:ve ·t~vel of directional sta)>fll;t.y at. v.e:i::y 1:iig~ angles :of attack .is a inatt!;!r 'of·.ma.joJ:' PE!ll,igJl 'importance. A cont:ribµ1;:ing fact~r to tb~ 4irectioqal stabilit;y le'V'el. is ~he ins.u-b.il;i.~y of .the :fuselage·, Proper · Qf the f\ls.elage ~OSf!· forebody section. can have a p:r:onoun~e9 ef;rect :l.n .teduci'ng fu'!el,age instabil1,·ty 11t h
	·(U.) Model t~st: data on the .F•:5 (RE!f.e3:'.entte 13) and·1-:u:i9 (R~ferenae· 14) airpl~,ne$ s~'l:!s.tantiate t~e "i.nfluenc.e of: .811. ~ll~ptJ.cal cross -~e~.ticn snatre .on: the·. fusel"-ge nose. ~·pwo(lrd: imp,;ovil'lg the d-:l,l;'ectiorial s.t~bilf~y at .big~· ~gl~s: of attack.· Tail-off direct'iof!al.stJ.bllity deriveQ from the-F.•5 b pte-sented as a fu'1ct:ion of angle. of attack .in the .upJie.t p19~ of 
	13~ 
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	Figure .3 .4.3, Abov..e ~n· ang:);e of a:ttac_k. of aQc:,µt: 16 degrees -there ·is. i, imp'!='ovemenl: -~~ st:abi.U.t.y 'Iii.th in(!'tUdng ~ng~e 9f a~ta(:l_k,_ This improvement :I;.~· att;ribu_ted to the F-5 nose elliptich'y. 
	(U) Supe~sonie di.rectionwl s,tabiu1:y data-at Mach l.6 for die 'F-.100 with. -the vertic.ftl :taiL off is alao shown il'I thb. plot_. A~ (l.n ~~g·le ·o·f a.~tai:k of app.:r:ox4"at~l,.y 16. degr.ee~; t:here is .a .definite. stt1,b'1lt.zing_ tre~d J.!l. _th,-lii"gh_-angie-0.~ ·i11:.~.ac.k range, Su~h i~pr:0vemept 1.n 111.tability :-l~vel for the, F--100:•:is· als.e>· attributed ·to· 'tlte fmie.'.l.age nose elliptfoit,y.. . .' 
	(U} Al$o in :F:I.gure= 3_.4:--3. (l~er. _plot) ; a comparison is .given r,f the nose. -ellipticity pf th& 401R c:oni;igurad~n with ··t1,at, of .the F-5 .an~. 1h~ nose ,Hipd.ci_t:y is shown · as. ·Ii functi.c;,t:1 ,of' perceJ'.)~ .·fuselage l~pgtnt and it. ·ts evident ~hat d). thr~e.· ~five· essentially the ·s1111ie· level of ellipticity. , ft· i.s. p~oJec~~d lato. ~he upper plot (dash~d line) ·tfiat .Conf=i,gurai:lon 40.l~ -will posse.sil the same favorable· improvement. J.n direct1;ona.l stability-at. high
	. Twin Fibs. and -Ventrals. -An~ther ~m~Qrtant design aspect fo.llowcd in p~ovJ;ding: good· directional stability_ tp hig!l angles cf· ·attack is the loc·ation of th'\\ ver~ic;al stab:ll,iztng ~urfac~~-The most imp.orta;nt single p~rainet·er -in defining i:af.l. effectiveness •llt high -ang:l'e_s· of a,tt:,\1¢k is i:he anu:iun.t o_f ver;tico!IJ aur:f!lce .area ~bove an,d clear ot dest:a.bU~in~ g_en~rated )>y tbe .fuselage riose-~ the eanopy., 
	·and the :wu,g/bogy i~f:erse.ction, On the. -b·asis of .these con~ ·s_idetatiori.s, ·outboard -twlri fins on aft fuselage e~tens:Lons w,lth i>tojecting .direct,ly .!;lei.ow .ond :I.~ -t:1:le pl.~n~ ot' 
	·upper fins-have ·been selected ~o ·serve .as ·dfeci;ivu s.tab_il1~-
	ing_ surfaces :to yety .high angles oj; -~~ta~k:. 
	Mfd-Outboard Afleron·s .. Confi.guraf;ion. fac!:ors which influen'Cli a_ili:tron yaw h~e .been ·investigated !OT pre-1.i¢nary d~s!g~ ·gu:J,~eli;nes. J.'t has been. found t:hat· a:l.leron defle.ct:iun pl,"oducei;. y.a,wing nitim~nt pr~rily by_ two effects., aamely·• .si~e torces .induce:cl on t~,e vartica:l ·-t;~il/a.(t -fuselage and dU(e.ren,ces. in .d·rag_ increments for the up:.;going ..~nd 4awn
	.going for the. -case of _an air' 'fighter,
	.maj:or f~ctQr1r· in o~dea:: of impo:r!t41!-'I~~ a.1'~-: 
	. . 
	L Vertical ·tau ··lt>ca.tloq w-ia;b. tespec.t t9. dlet_ans
	2. Wing height ·on the fus~1a,e 
	1.38 
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	l., .Drag .clf,ffei'ential of the·-Up•going. Via.!:IJU&·. the" down~iatqs; C~l!t:roh. 
	raetocs l and 2 ·are. b1111icaiiy re.lated ~o-th.e .incre~u,ed p::es"' sute· field ln.duced .abov:,. i;~~ up-d~ll~ced .autfaee, iit1d are· pa:r:ticula·~Ly poteg"t; at t:.i~nsonic and ;ipeeds bec:auae_ of the presence of st·r:mi.g ilbock·wa.veii.• Generally,, vert:-ical taU l-c,:ation detem.im~a ·tb.e Jevel ~-£ ,awing !119iJ1enl: du• to ailercm. Prag· va:;J.at:ion·s wit~ oon~rol d~flection ·are the cbief-.swrce of. adv~rse· yaw. Faotor 3 'would be dOlid.nant . .only for wings_ with aite·t'.(ins. tn :f&ct,: u
	on 1:ne basis· of the..aileron y.aw .lnvest;iga_t~qn resul-t~, 
	a configuration !leeign· gu!-d.e:line px;.ov~4'1g ..des-ii-able· verd
	cal i:ail "lQC•t!ons baae4 oi, ·ail_eton yaw cbaiacteri.$.tic,!S· ha.a 
	been -develop~d and ··is :presei:,ted in .F-igure 3._-4_.,._4. Vert.:Lc-.,l 
	htl loc~~iM r~lative to· the. a.tle~cn, ta flpe~i#e-d. f,p. l::erru 
	of profile ·.angle in the vertic~l plane:. and .planview' ,~ngle· 
	fo the ·ho~c:itit.-1 pl!lne.. r1:ie deatr~},le ,l;'iet!;;J.o~ af vertii!al 
	ta;l. loe.at:lan· incli.c:ated in· F:Cgitre 3·;4,.4 ii baaed· upon: tran
	sonic aileron•control yawii'ig~oille~t:· datll fot the· number of ,.;pecUic CQl_lf·igur:a~ion.s listed:• con_figurat:1-ons wi~h t~rge planview angl.es t,~d-to. have -strong. ,adv.era~ yaw and '_thus · -woul~ be susceptible ·to atl~rQn_~in.~uced ~Jiin,. ponfigur.a
	ti(!a.s with ex.tre•e·l,y lQW plan-view angles should a.1s·o. b~ 
	avoided-. sinee exce1f1iv.e ptoverse. y~w i.11 a pi:'1111Q cont-r:ibµ.. 
	tor to 1-tera_I,-411:i~tioqft p119t-in~c:-ec! osc!llations. In 
	gEi[!.eral, t~e.latter.·configuratione would Q();cmlll_ly .have -in,
	baa.rd ailercfos· in clo11~ p~ximity .tQ -~ho. ho;rizont~L .ta_:t.l. 
	Such_ an_ a:cra11g~ent· may.. h~v.e-·1arge ro.ll•conti;ol power losses 
	dqe to :fit?:i:"itol)_~l tail int:e"tfe:i:ence effects, It is :seen 
	~n~t··tJLe Oonfigµ;ation -4_01i ~il~ron/vertical ~a-fl:arra~e.f!lent 
	is i:a the acceph)jle -region, 
	A lo-w wing :height. p0uitio11 on the. fuselage ~Jso contributea. _t0 proverse aileron yaw··due to lnduc~d-aile·ron-s:l.d_e..-. 
	··wash on the aft b"pdy. 'l!he opposite effect·, pr ~dv.er:ae ya~ 
	oc~Ut'B with· a hlgb win.g on· t;;he: .bod)', t~i:-~ id._d-wing on i:he. 
	body sucl) as con.f.!_gur',IUon 4·01.Bt. a· ne~tta:l e,ffect from ·the 
	bod? conti:.ibation· due .to aileron-sidawash 1s· experienced. 
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	S.ECRET 
	S-EORET 
	3·. 4: 3 Stability ilnd C:ont;o~ )1de. Data· 
	St:41,b!,ift.y a,11d .-~~ntrol ,a.haractel;'i;st·tcs -ara the fimda• mental ~ontrf.b~t-ioa to handiil'lg q'1alit1es~ In tll11 ~ub• sec:d,on,· ttie J.1Nd1ct:eir basic. atat,'.Ultr,· _,-.ad. -~~J:i:C!l dei1,v~w ·t:1.ves uHd lri devel.0~1,l'ig· 1:l;le· pr~1c.1::,a ~aliag qualities, llf the 40Jll are pre~epte!,1~ 111 g~ne11al,.' ·st&t'U~~d: N~s,\ :B)'lllhq.l~ and· det~nitions ·~·· emplQyed, 'Witl). 
	.the-forces ·referred to the ·W:ind Jnc:ei and the. mom.ents ~e•• 
	_:ierre~ t~-~Jle ~tabil~ty axeil-exce1t 1n the ·c-sea for.. the 
	d_ynamic -.dire~tion•l. &.· an~·lat,ral eont~L tfp.in. p&fa
	met~,:-s·, •~~4.h &J."e .r:e.f'err.ed to· ·the &ady axes s_yst~ •. 
	-3-.4-.3,l Longitudinai -Stability· and :contiol 
	The two prime ·basic ,s~J:i'ilit-y oh~$.:t.E!r!lftica, D811!elJi ·attradynamic center. and d~;r,(lto.r. ~on.t~.1 e!fectiveness ·a-re -pi:epent:ed aa ~nc.tieins of·'Mach number in :n~es. 3.•.4•5· .a~d· ·3 ,4-6. Straig~t~fon,aril ianalytic.a.l techniqua, ~ceil&Jfu11y .usad and·_ prov~ teli~b'l~ ~~-the paet tor simUar wins pl~n.f9m .conf.t.gure,ttons-ana tula, _have :b-een .emp.toy•d to develop.tb~s~ cl,iar~e~t;trj.st.ic.s, .. 'lbQ. of aer.oaiaat:i.cJ.~y, ·bas~~ on f1xed~ih~ rx. elit:lmatea., hav• .ti.ea~ in
	CU) . We1pt. Glad balanc~.char&c;tterta~s ~ ·401B are ·ust:ed ii\ 'Tab.l,e 3 .4-2. 
	-00-Table ·3.• 4-2; :WIGH'l'. &.· BALANCE 
	<$RAC.rDIStICS 
	Wi.th. a tow..,sveed a.erQdyna\l_lia a~~ca,:· of 301 ·MAC t :a~~quate iii ta.tii:. ill.llt-g:lu .ia p rovid_ed £01:' ~he t:aka"Off •~c!I 1.an·dio,, cond,f. ~ ·e:Lops, posil;ive •~•tu: ma~gin, are available .th;-ou~~ tb.~ ..flight: .f.!nvel_ope_. A deta'il sUlllinatj of ~eight 11nd'.:~alao,:_e itJ p_res~n.ted in Section 5. 5 • 
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	(U) Es cimateii pitch •damping: i,s. pl;esen~ed ,u a tµnat:io.n .of Mach -.numbe.r ln figure. 3,4:-7-and ·a fun~t.ion, of angle· of att'ac•~ .it1 Fi;gure S ~4-8 ,: Pitch dyriamic•mociel test l!at• {se~ Paper-4 of .Refe"t.eoce 11) substantiatei that the. b,lenQe:d wiog/ bo~y· :o-f Conffguration 4018 will maint;d,n a ·goo.d p.odtlve level of pitch· ~amp.in:g. ilt hign~ angles of :at~ack near tlie stall, 
	3 ,4 ,J.,2 t.atet'al-Di.rectiQ.nal Stability :and Contrql 
	(U). . Stad.c d.irectionaL •stability ts ch.e inos•t significant stability ·de.r~va.tive that ··a:ifects lat:eta-1-dit-ectianal ·handling quali.t:ie-s. Predicted directional sts.bil;ty 0£ t:be t·wtn..;:fin/vent·i:al. ar.r-a,ngement;. ·1s..sb9wn :fer zc.r..o angle of 1!,l:t!lck. as a ·~t,lnction of Mach number in. Flgure 3:,4.•9 and for .a Mach number of o·.s as a function of anglc.n>f ut;i;a.~k in ·F-igur~. 3 ,4_.10. Sta·nda~d · t.echrµques. for •Ve·,;tical ·t·l(IH ·eff~c•~:Lv¢neEfS v~re •empl.oyacL The ·va
	.effec•tiveness .of the ventrals ·1n prQv:~ding st:~bility. was tl~~ived· t~r-ough •PrQper vent.ra.1 volume c.Qef°ficletit co~recc:ioi:is. ~pplied ~0. FX modet vent~1 test data. .Body· .ins~abiUty at 1o~ ·angles of ·attaclcivils estimated•· according· 
	to Mul°tbQpp's•.m.eth-od, · 
	The. hlgh levels of direc~io1;u~l stab~U,ty indi.cal:'5 go!)d la~eral-direct:iQpa-l l!andling qualiti:"ea fo aitgies pf ·,!fttack we.11 ·above. limit. 9uffet and well past maneuver liniit"1 ·as shown in Figure.• 3 • 4·,-10. ·The imp·rovemen1;. in ·dtr~c:ticna1 s ta..bilit.Y-a:1: tha very high ~agies o.f attack in F•igure "3.,4..10. is' at.td.buhr.l to..the .forebody ·nose ell°ipi:-ici~y, as des·cdbe~ · in $ubsection 3.,4 .2·. '!his £uvdrable fotebo~y .c.on·tt'i.bution to· impr6ve body ·•instability-at, higl
	(U) ·.S.tatic iate~al stability :j.fl te.rms \lf ef.fecl;ive,. dihedral is prese~ted as .a filnc.tiori of Mach riuiiib~r in.. Figu.re 3 ,;-11 --o11nd as .a function of angl.i= of a!:taclc in, Figure·.3.•4•12•,. The· p.redir:;ted a~e patter-r::ied aft:l[!r similiit· data 'for· 
	the F-5 l>ositli,e dihedral e·ffec:t !s appa,:tent .ev~ to bigh-angle·s of ·attack, the po!Jitive l~'lel .of" effec;ttve sh~wn ac Mg~ .angl~s of. attack precl.l.1des t:~ presence of ...i.1.-g roc_k. · 
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	'(U) The van.aticnj of aileron co~~rol •ffectiveneas witb ·1-1~~h. nulil~er aod-4ri!J1CI of· att;Jcl( ~r~ s~own ··in Fiju~es 3··.~.~-11 an4· 3".4-14, respectiv.ely, -~e,e da~ are b._ed ·directly upon t·-ransonic toll re11.e:a-rc~ -~odel test:s· (Re-t'ifr~c;e J,S..).. Adequate ailer·on ·c:-ont:.roi e£fe~tiv.e11es:s; ii;. provided to .hi,gb an*.lea of ~t~ack. ~sti~_tQ.d .aer~elas'tio ~ffect:·s· on-aiieron c~t;~l a-re Ji:ic LU:ded ·and show.. t;bat adequate aileron-rou.. !=ORtrol ef~ec civeness ·ia. maintained
	{U) The ·predicte~ yaw due to ·.deflection, c0oitiatib1e· witb the roll e.·ffec.t-J.veness j:ir.~d.ic~O.AS.1 is pz::e_sented .as ~ f1mctzion ~f -~J~ aumber .in F~gu~e 3•r·4~~ 11nd as _a. funct::i.011 of atiglli ·of attack .in Figure :3,4-U.~-Thes~--p~ei:l~i::ted, parametei::s -·are· based-·on ~he nsul.ts of ·analy.sea of ayailahle -=e11t-~~ta .fo.r. s:l,n(ils_r eonfigurati~s; The pi:-!mary_ l!°bnfigura,• tiori ~tfects we re ·tsolat!=id.. arid· the v~tues-were e:s·1:im11.ted for th!:' ~Ol.B frr.arntelilent:
	(U) R.u:dde:r affecti~enes-.s: is .pres.enl:e!i as: Ll.. £~11:ict:t'Qrf of Mach "(l)Jillber ·t~-F.igµ_re 3-,·4-:-l:7. /.ero.e_las~ic elf~ct:8 Os;\ rud~er 11:#ectlveaess ar-e based .~n r~ ·.eli timat~s .-A_deq~ t!)· dtreatipn~l. ~011~r0l ;a .~vaila~~e ~hrt?~ghou~ the Mach..,.1.t-itµ.~e, ll;lght _-env.elope·, 
	"(U) Estiinaces of ·yaw~ an.d .rolt-rat~ damping p_~rame.~ers· ari, vt!ill•ent.'!d .as 1i, fµ';lction. o!-Kach mJl!!her :l:n: F~gures 3 .4•1fJ and. 3,4-,19., respei::t.ively., these _paramet.e~s are uiuid in eata,bl1s.b1n~ •the l~teral..;"tr•ct.i~ina·l ~i:'.H-il.i:tpl11ne dy~AIJ!.i"CB .•. 
	J.,=4-,lf. Handllng.. Qualttte~ 
	,-. :limited of ··tbe free. aJ.-tplan.e ha_ncS:iiµg qµalio.f coi;ifigura"tion 4011. f;igh.ter-has bee.n co.aducted; In s~. ~~es J .appr0.prlal:e f[IL•V-87 8 SB ·11peci~:l,cations-ate. ii'Cdic«ted for• comparati.v.e putpQaes • 
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	·Pert:inent· ~an.dl,i1_1g quaJiHea for toe primary. operating .cor:idl.tio.ns in--the c.-o~bat region, s·hown ':ln -Fi&ul'.e 3.•4:--20., have been investiga,t:c<l. to e$tablif!h 1:he. pr;edict~d comba.t 
	.£light;: cbar;.~teris.til?S of the free airplane.. These charact~J"isd~s ~-11 be .eul!,anced .by a simple. ·sr;ab;Uity an~ 
	_cOtulaand aug!Jlenta~:Lon system.•. 
	(U) ln gen'!,ral 1 the ·qua.l:L~~~ chai'iu:t;ed11tie!s :have been .i.~v:estig-at~4 at..t:he _more demanding i,na#miini su·staiued load factof& ·--ri ,tu.11ning fl.i:&,ht ~•·ther t:.han· fi;,,~ .trim. l,~ei. flight, Handling. qµal:i.ties investigations inc.w.ded free·>airp.l.ane 1oi:igf~udtnai ar/d la_ter11l~dtre.ctiarial dynamics,.. ma.xilll\Jlll ~ri_m lift,. man_euver~gtadi_enn _·.i:,oll re~p~se ~ a_iid FOi.A ( .spin.-resistance fac-tor&.. 'r~~ '-t1aly11_~s. assumed. ma1tliirum. .. E.O. · _ .. _~(b) it,t~
	·inertia 'are abou~ th~ principa_l. axe_s _and_ thii! _:i.nclination of · A~~~\ -1 (J>'f:,iJ;lv4: tb_e pi:-inc:Lpal axis w:.1:1:h the wing root ref~renee. chord is t,I:> ,,.,.. /i" ~ 1 degree. down. · t"t./; J.(, , 
	-~ ✓ ~,,~ Tap:te .3.4-3. PHYSICAL P.ARAMETERS (U) '----1------' 
	G.ross W~igh.t 1,~·,aoo lb 
	Center of ~ravity, 25 ~-271.. MAC . Pi·t*h Inertia 3i,886 .-slug-fr::2 taw Inertia 35,228 .lllug,-ft2. R.oll ln'ertia ~. 727 sl-us.;.ft2 
	Wing Ref. Area 280 f'i;2 .. 
	MAC 133 in. 
	Wing ·Ref.. s·pan 29 f't 
	-.
	3 ,4·.• 4.1 D19amics 
	(U) .. :Lol)gi.tud:J,aaJ short:.-pertod frequency 9haract:eri;st·1c. are ·presented in F.igure 3 .4-,21 tor the free aii:p.lane ~ ~eq~i,-=:e-metits .of·. MIL-F-87$~B ~re ,tndica.telj for_· comparative purpos~s ·oaly to s.how ·tba·t all. of the ·combat fl_:i.ght; ·c·onditions _ iaves·tigated fall ta th.e Level 1 .r~gio~.•-Vn:augmented shtirt•peri.l:ld pitcll'!'damp~pg ··ratios .fo~ ·1:Jle c~_rre·£ligh.t conditions are ·c.11bnlaced :ln t:he legend· in _Ftgui:-e 3.4-21.. $;;,od freA!'&irplil.t'il! damp~g ra
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	(U). Free a.irpl~ne Dutch roll. freq1.1enc:y as. a futµ;tion of dan1pini rai:.io ·is present·ecl in F-lgure. 3.4.-2.2. MlL·'F:-87858 rc£1i.ifre!DeOtS for C~teg~ry .A (comb11t) i:Ligh~ phai,e .ar~ i,upet• ~l'!IJ>Osed toe re.ference purposes. The .irialyi~d flight· c<>µdk tions fall in the L1hre,l 2 .iequ!.teiiiel\ts tegi.on. L~v~l 2 te.pr.es.ent..s, handling qµali~t-e:i ~d.equate· i::i> ·accomplish the mission hut wi·tll SQ[!le incrc·as~ i.n work· load:,. C~nseq\,\~ntly, a.~hieveine~t of .J,i:ev·e1 2 :1atet4
	.both. l(?ngitudinal .a~d· :la:tetal-di·rec:tional.. tllc;>_i'les, i;h~ ·.~i.~.al .augmented· he11d li:ns. qudities of. CGnft~r.a.tion 40l'S· t.!'i11 bJ fui:tj'ier enh~nced by t.he stabilitf and command· augmi!nt;atlon sy.st·em. 
	·:! ,4 ,.4.2. Trim Power •' 
	(U). /j.n· al.l•mo_-v.~blo horizontal tail ·IIUr'face .is ·used to maxira.ize ·c~t1i:rol. e·ffectiveness· !IC supersonic $pe.ed. Bas.e4 1.1po11 an inflight afr;· c ,.g. :O.f 27%.. MAC, ad.equat·e .longitudinal 11\aneuvering-.resp,,.ns,e co~t..rol power .Ls avalhble· aa d.emonstr;ate.a by t.he t.r:Lrn surrunartzJ~ i\l •"!'.able 3.• 4.-4. Tr.im deflecHdns. havl;! abo bee:n ~stimated to esta:t,lii,h trim. 
	•d-rag po].ars for the '1>.edorroal:'11::e analysis :in ~ •.4. 
	'Iable 3 ,4..4. TRIM: ELlWATOa FO~ LIMIT
	LOAD FACTQK . . .. 
	0 
	Al/:·, (C.L)o ~ni.. _!ill . Mach t 12!&1 
	30,000 •.8 1.3 -,.6.S 
	.10.000 1,6 ,326 ·6·,.8 
	The t:rim d~flect:ion·11 n<1t:ed ab-ave. have been esJ•imated for ~ 
	typicai. combil~ wing toadlng, 
	(U). Cornbai: 1naa~liver c.dtei:'1a dic,tat"e.gopd han.dUng qu~litieli up co ·I.lie .miximum ·wing .arigle ·oI_ ai.:tacl_(. as· determined by. . .ael:'odyt1ainic atall or a:l.·rf.r.ame stri.lct.u;al -limits. :trim l:.i;ft ·chai:ac.te.:n.~cics· at· t~e M~~h o.s, 30,°CIOO-fo,ot c.o.Dditicin. are p.r-~s ent'?!d in Figure 3 .,4·-23. 'J'l;le pitch control pow,,r .is . suf.fi-ci;ent r:o deve l0p angles of a·ttii:ck i;Qr.r.esp~n4i~g t" ~he 
	·-m•ximu,n life cap.nbi,lity of the• ~iq,lan~ withta the operat:ional envelope.. ~e.fe:renc.e to. Figul'e ,:3,,4-10 shows ·th~\t a 
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	goo~ i.twel cf· stat-ii: cfirect:ionj.l, st~bflity is maintained thro\ighoui: chis angle-of-attack range. F~_het,; .as discussed b.etcw in S~l;i~ec"t'lo~ 3~4.,Li .!),. in the -~ynamf;c dire.ctfond .sta
	;_billt:Y and the iaterat." con.trol ~pin ·-pa-.-ameter. lie111on~~a:ate high positive levels at: ,the high .angt_es of-a.ttaek that c:an ·be , These pod~ivQ y;d:ues,. preclude yaw·:dhericnce aad "in<Iic:aie the pres:enc~ o.f. high· spin resis'.tance •. 
	3.'.:4.4. ~ .Maneuver Gradients 
	(U.) Elevator gradients {6H/g:). have beeJJ ,est:4nate~ for the 1rombat flight con4it:ions ·1l"nd ar~ Ust:ed· i(I: ·-Table J.:4-S. 
	Table 3 ,4~-5 ELEVATOR MANEUVER GRADIE~TS 
	i:.w .. °16,800· io CG .@ :2·~% MAC 
	·'· 
	I I 
	~ri.ng .flight; oa: the peck, ._the· man~ver .grad.i:ei:lts -are. i:ela~ civ~ly low.; De~ign of· a. cOI\JIDlltid ~ugm~nt:~t:l.o_il syst:em. :will _llijis~ :~he· ef°f~cts 0f ;[ow :~·a/g .v,11li,ie1, froni the p"ili>e· and prwide-Jtea; cona.tant stick· ftn:~e per tf cha.r.ac:tedsti<;11 ,. Al_ao, the ·a..t;id"k fcir~e _gradil3nt (FH/g) ~upp,Hed by the pitch ·col)imand augment:a.tioil b.,dow 9 g· will be .designed for 3 i:o 5 1:0/&, w;;th a. nearl,_y r:onai:.ant; i:e+.:Jltiol.'i·ship. In additlon, the stick-£'.
	.3,4:.4-,.4 1toit ·Response· 
	(U) The 401.B fighter is -~gb.ly resppnsive t;o pilo.t roll. c.011_1111and as· evideQced in table ·3A-~ by .the··bank. angles acb.ieved in l. second for -full ·stic.k ·ehe· comb.at
	. . . . . . . 
	~5~ 
	f-U,ght-condlt,ions. T.he rpl_l re•pon~e (Noted· in Tible 3.•4"."6 is reptcls.enca,Uv~ pl the uqaugmented f·le,d.bie airpJaae. 1111.Q inq_Lc11.t1:1s-111ple-.rou.:cafo·tr-ol-power •v~llab~Uty. A roli
	_coni:rol command au;menta"tiOJt '~.ystem c_a~. b-e ;Lni;:orpo1;,u~ed to 
	lliadet'ate -the ·exceedingly btgh .. roll Ell¢~• .il.bove, 200 degrees per s~cond a,;i·"' will tend t~ bolo· constant respons• -with
	-varying dy~ami_c pT.611.SU.J;"OS , r 
	(U) As.· mention·ed .pe:-evt~~lYi the-mid-wing ,plac-enien.t ·(n ~Qt'l• jµqctlon wi~h th.e. ·tQW-,:enictutal•wing .aap~t-ratic;:> .,df.Qrds a ·relatively. rigiil itructui:-al wlri& -f~ame_, ·Thia. _a-itows . aile~/i to be· us-ed ·eh~oughol,Jt the -ti_1gh.~ envelope w.ithout encO\,ll\t:a~~g l!-•~oe_lastie roll rev~sal,
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