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on an empirfcal correlation of wing tunnel data on the
effects of tip shape (Reference 2). It is estmaced that
the tip curvature of 401B redyces ‘the minimum drag 'coeffi-
clent by .0005" at subsenic speeds dnd by .0015 ac supersonic
speeds. These are the incremetits -applied to the form and
\wave drag components, reapeccively, in :the minimum drag.

buildup.

The remsining increments in the abave equation require
speclal ‘treatment and are discussed in .the following pare-
graphs, The incrementai minimut drag variations with Mach
number for the effects of canopy, nozzle, diverter, cowl,
secondaty systems, missile pylons, and protuberances are
plotted in Figures 3.3-2,

-Canopy. The canopy drag- is- derived from Convair FX
wind tummel test €.A.L. 316-133. The test canopy ia similar
to the canopy on. Configuration 401B., As a result, the 401B
caropy D/q is obtainéd from the test data by. ratiuing the’
canopy frontal areas and then basing the drag coefficient:

on the 401B wing reference aved.

Nozzle, The réference nozzlé 'drag is the boattall
pressuxe drag on, the installed nozzle. An averzge makimime
power nozzle position (40-inck exit diameter) was used -as
the reference noézzlé position for all (both ‘subsonic and
supersonic) calculations of the reference nozzle drag,
Variations. in nozzle drag due to englrne power detting are
included in the thrusc, Reference nozzle drag is -estimated
by use of the “Revised McDonald-Hughes Method,” as described
in Reference 3, Additlonal discussion: of the nozzle, drag
1s given in Section 3.6,

Diverter, This drag increment is the pressure drag .on
the inlet boundaiy-layer diverter. It is determined from a
cumputation of the average wedge pressufe coefffcledit
accounting for the tatal pressure loss through the boundaxy

layer, whén significant.

Cowl. This drag insrement acgounts for the comp:essiun
due - to the lgcally: high slopes in the first 30 .inches of the
inlet cowl when operating at a AgfA; of 1.0 (the besic drag
equation applies at AgfA; = 1.0.only). A second-order shock-
expansion method applicable to bodies of revolution (Referénce
4) was used to predict this increment. Cowl drag variation
with. reduced A, /Ai are included in The propulsion deta
(Séction 3.6), L.
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Secondary Systems: This drag lncrement secounts for

momentun losses due to the gircraft auxiliasry air systems.
These ‘Systems encompass all ‘functions, other than the engine,
requiting external air. Included are the ECS ram-afr gystem,

.the gun-compartment .purging. system, - che- odl-cooler air aystem,
and the engine-compartment afr system. The drag coefEiclent.

{ncrement applied for these systems on 4018 Lz .0002 at both
subsonte and supersonic speeds., A momentun- loss analysis
for che secondary-air system is the basis for this estimate.

Additiongl discussion is provided in. Section 3.6.

Missfle Pylons. This drag increment ‘accounts for the
two AIM-9X missile pylons. It is based oun test data
reéported. {n References 5 and 6 adjusted for pylon size

-ditferences.

Procuberances. This {s an estimate of the drag due to

antennae ; air-daca probes, ram-air scoops, navigation 1{ghts,

and- static dischargers. This drag term Ls baséd on data
provided. in Reference 7. .

3.3.1.2 Excernar Store Drag"

The external store drags used in mission performance’
calculations are shown in Figure 3.3-3, The increments are
derived from F-111 test data documentad in References 5 and 6.

3.3.1.3 Airplang Growth Effects

‘The variacion’ of minimum dieg drag coefficient with

rd

* aircrafc size (gross welght) at constant wing Acading 13

presented in Figure 3.3~4, The baslc form and fricrien .
drag were .computed for two other gross-welght airplanes,
15,600 and 18,000 lb. Canopy, nozzle,.cowl, diverter,
secondary aystema, missile pylons and. protiuberancés are
assumed to have constant D/q, (L.e., are constant size and
independent ¢f airplane. size) Also, it Ls assumed chat
the racio of tail and yencral avea to wing area is approxi-
mately Independent of airplané size, and, therefore, the
wave drag cosfficient of the wing, tatls, and veatials is:
constant, The' fuselage wave cdrag coefficient (based on
Erontal area) i¢ consideted to be invetsely proportftnal to
the square 6F the finetiess. ratio! :herefote.

b . ) 1 (Aafrontal‘
Wave puselage FRZ Sref
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1£ an estimate -of che: length and frontal area variation with
aircraft size s given, che varlation of fuselage wave drag.

can bc comgu:ed.

The pinimum drag. presentéd above fn Subsection 3.3.1.%
is for tne inirial design gioss weight of 16,800 1b. [The
£inal gross weight requived for mission performance is
slightly higher, 17,115 1b, and the minimum drag can be
adjusted accordingly Erom the data of Figure 3.3-4,

3,3.2 Drag DBue to Lift

The drag pelar shape, including the effects of leading-
edge flaps, are based on Convalt Aerospace FX wind tunnel
tegts at the Cornell Aeronautical Laboratory {C.A/L. Tesc
316<113 and C.A.L. Tést G52-423). The validity of this
data  Ffor application to COnfiguzacion 401B is. readily
seen’ in Figure 1.3-5, where the plagforms of the Fx—132 wind
tundel model and COafigutation 401B are compared,

The ieadingfedgenﬁlap:aesign on the wind tunnel model
has
C¢/C = 18% at the root
and Cg/C =:30% at the tip

This- is identical to the leadlng-edge manguver flap designed
for Ccnfiguration 401R.

The oniy adjustments made to the test data are

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

2. A t/e gorrection of .035 to .040.

The dreg-due-to~lift polars are presented for specific
Mach numberxs at the pertinent leading edge flap settings in
in Figures.3.3-6 through 3.3:10. The minisum-drag Incresent

gug io leading~eidge flap deflection is defined in Figure
1

3.3.3 Trim Drag
Trin drag is defined to be the drag increment at. con-

stant Cp, between the-8y = 0 polar and the Oy = & polar
as shown by the skatch. balow. Heriw

103




0

()

()

()

(This Page is UNCLASSIFIED)-

The longi:udinal gtability characteristics. and horf-

-zentdl tail defleections requi.red ko trxim are discussed in

Section 3.4, These required deflections at various perti-
nent flight’ condicions are plotted in Figure. 3.3-12,

The estimated drag due to these deflections, shown in
Figuré 3.3-13, ig based on wind tunnel data {from C.A.L.
Test £52-423) for an FX-132 configuration with an aspect
ratié 3.0 planform, differing only slightly (‘A= 31.5°
instead of 359, k= 0,3 instead of 0.2) from the one shown
in Figure 3.3~ 5. The alrfeil (.035 biconvex): and .leading-
edge. flap are identical.

As indicategd in Figures 3.3-12 ‘and -13 a1l perfoimance
cdleulations are made for a center of gravity of 27% MAC,
which was seletted to provide a minimum of 3% static mirgin
within the combat envelope.

3.3.4 Trimmed Dfag Polars

The trimmed drag polars used in the perfom.ance caleu-
latione are hown in F{gures 3.3-14 through 3.3-19. The

high GL drag polars used for the. euergy-maneuvarability plots

are given in Figure 3.3- 18, The trimmed drag pola';s used
in takeoff and landiag calculations are given in 3.3-19.

In Figures 3.3-20 through 3.3-24, the same daca are plotked
on the basis of CL/(W/5) versus CD/(WS)
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Teimmed (L/D)qp,. versus Mach pumber 1is presented in
Figure 3.3425 for various leading-edge flap deflections, It
is seen that the leading-edge flap design of Configuration

‘4018 {s a very efféective cambering device. A deflection of

I0 degrees increases the (L/D)ggay by 20 percent, to 10.8.

"Ihis 1s only about 12 percent less than the (L/D) . expected
-for & blung-nosed cambered airfoil, and the varia@a
-eliminates the off-dasign penalti.es -associated with fixed

“c.ambera

le flap

3.3.5 Lift and Buffet Characteriscics

Trimmed and untrimmed Uy -vs-a‘éurvea for Configuration
4018 are shown in Figures 33-26 through 3.3-29, The trimmed
Cy -vs-at gurves, for takeoff and landing are shown in Figire
3.3-30. These lift predictions are based on Cy-vs“ux and

‘¢p~vs- 8y -from C.A.L. Test G52-423 mentioned eirlter.

The ‘métliod used for [redicting:buffer characteristies
s based on an analysis of the Cp-vs-a curves in the non-
linear region, This method has been chécked through com~
parison wicth available fli.ghz: data, and redsonable agreement’
has been obfained. Derivation and documentation of the

‘method Is contaloed in Réference 8,

The following boundaries are defined in terms of pre-
dicted £light buffet acteleration:

buffet onset: dnpg = * .05g.
‘modérate buffejl:: Ang = + .25g
heavy buffet: &ng = + .50g

These buffet boundaries are ‘shown in Figure 3.3-31 as

-a function of Mach number. It is readlly -seen thar the
_leading~edge flap desipn for Configuration 401B ralses the
"buffet boundaries to a highly desireble level for buffet-

free sustained turns at Mach 0.8/30,000-ft altitude.
Configuxat:ion planforms of the 401B and FX-132 type

‘generate large amounts of vortex 1ift after the main wing

has: stalled, end che maximum Ci 1s limited only by tafl

powes, The control limit €y, for COufigureclon ‘401B is
"showm as the-upper boundary in Piptire 3.3+31 (also see
-Seetion- 3.4).
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3.4 STABILITY, CONTROL, AND “HANDLING QUALITIES

Hendling qualities/stability and control studies: have:
been priarily directed toward identifying design features:
necessary to provide excellent handling qualities. Thds
vary demanding goal is basically achievible through propey
aerodynamic configuration talloriag to easure superior ip-
herent longitudinal and lateisl: dirvectional stability and
control. Pertinent results of the stability and coutrol
design techniques and the approach followed in support of
this demanding goal of excellént £ighter handling qualtcies
are. presented and discussed in this gection,

341 NHandling (ualities Design Rationale

Specific stability and control desiga objectives that
were followed in the development of Configuration 401B for
excellenc handling qualities In the combat ‘region are listed’
in Table 3.4-1. The key fastors in configuration design

‘development are listed in the table for each of ‘the. objec-

tives. Major banefics to be derived for each.objective are
alse noted,

In addit{on to the objectives listed in the table, low

lilertiaa arve desirable for {mproved maneuver response with
miniimum-siged control and -stabiiiziag su;facas.

3.4,2 Stability and control Design Technigues. .
General design guides to provide superior inherent

‘stabillty aud control characteristics were established.

These design guides dre related to pitchup, pitch control,
directional stahility, apd aileron yaw and are discusased
below in: relation to wing planform, horizontal tail loca-
tion, fuselage nose ghape, vertical stabilizing surfaces,
and ailerop deaign. .

Wing Planform - Pitchup criteria from Referemce 10
are presented in Figure 3.4-1. Tha'wing planform pitchup:
boundary is gilven as & function.of the wing aspéat ratio
aad quarter chord dweep in the upper plot of Figure 3. 4-1.
Gonfiguration 4013 falla near the boundary -in the sacis-
factory region. Proximity to bhe boupdary in the satis~
factory rogion is desfrable in Liei of latge ‘displacement
bélow the boundary. In general. the severity of the stable.
133
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HET

(U) Table 3.4-1 BANDLING-QUALITIES DESIGN RATIONALE

ORJECTIVE

CONFIG, DESIGN APPROACH

BENEFITS DERIVED

. NO-PITCHUP

a WING GEOMETRY (AR ¥s. A RELATIONSHIP)
& TAIL LOCATION {LOW)

R

| oINCREASED COMBAT AGILITY

o FULL MANEUVERING POTENTIAL
AND PENETRATION INTO HEAVY BUFFET
WITH NO PILOT FEAR OF NOSE . UP
TENDENCIES

NO AILERON YAW

@ AILERON LOCAT!ON (AIL.AV.T. RELATIONSHlF
FOR Cn 8(! = 0)

© VERTICAL STABILIZING SURFACES (Hi V.T. Val.)

@ RAPID COORDINATED ROLL
» PRECISE TRACKING

{e ANTI SFlN

NO WING ROCK

i @ WING PANEL GEOMETRY (CAMBER, TWIST,

| @ WING PLANFORM (Hi CL o

L_E. DEVICE)

” 'FOR:INHERENT
ROLL DAMPING)

{ 0 POSITIVE EFFECTIVE DIHEDRAL

SSTALLING OF LEADING WING PANEL
DURING SIDESLIP AT HIGH ANGLES OF
ATTACK. EL!MINATED

NO DIRECT IONAL

DIVERGENCE

- e VERTICAL TAIL GEOMETRY AND. LOCATION

(Hi V.T. Vol., ARy, V.T./AWING/BODY SIDEWASH
RELATIONSHIP)

1. & FUSELAGE FO REBODY CROSS SECTION

o VENTRAL

GINCREASED COMBAT AGILITY AND
MANEUVERABILITY
SANTY SPIN

SPOSITIVE DYNAMIC DIRECTIOMAL STABILITY]

OINOSE SLICE ELIMINATED

CONTROL IN“STALL

1

i

8 TAIL LOCATION (BELOW WING CHORD PI.ANE
I LOW DOWNWASH REGION AND BELOW WING
WAKE)

| ® AILERON LOCATION (MID SPAN/OUTBOARD)

$POSITIVE CONTROL IN STALL

e INCREASED COMBAT AGILITY

eAlL./H.T. ROLL [INTERFERENCE MINIMIZED
SPIN SUSCEPTIBILITY MINIMIZED

INHERENT DAMPING

{FREE A!RFRAME)

—— .

i

i

" o AERODYNAMIC STABILIZING ‘SUR. (Hi TAIL Vol.)
| ©WING PLANFORM (Hi C o )

- - TN S

@ FAST SETTLING TiME
o STABLE GUNNERY PLATFORM -

° PRECISE TRACKING CONTROL
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break in the wing/body pitching moment is proportional to
the displacement variation: bslow the boundary. Severe
stabilizing breaks have a detrimental effect in reducing
the maneuvering control power, especially for a low horl-
zontal tall location.

Low Horfzontal Tall - Horlzontal tail placement Of the
401B configuration falls in the low-tail region "D" i the
lower plot of Figure. 3.4-1, This low tail position, in com-
binarion with the good wing planform pitchup characteristics,
assures near linear pitching moment chatacteristics at syb-
sonfe and transonic speeds. The horizontdl tail below: the
wing chord plane is in the low downwash reglon to provide:
the degirable aft sercdynamic-center position at low sub-
sonic speeds, Thé low tail remains in the low downwash
region: as the alrplane rotates to high angles of attack end,
thus, precludes its passing alternately from high to low
downwash .regions as it. passes through the. wing wake. The
result 18 a desirable near linear pitching moment curve to

_ high mngles of attack. The horizontal tails mounted low
" and .aft on the fuselage extensions also provide high trim-

wing effectiveness. Another important aspect of the low
tail 1s that ‘it mipimizes the trabsonic aft aerodynamic-

center travel, The: low horizontal tail is .a key feature in

configuration layout of an air. supetioricty fighter,

Fuselage Nose Ellipticity - Static: directional stability
is the most significant aarodynamie derivative affecting
lateral-directional hanidling qualitfes, Maintaining a posi
tive level of directional stability at very hilgh angles of
attack 18 a matter of major design 1mportauce. A contribut-
ing factor to the directional stability level. is the insta-
bilicy of the :fuselage. Proper tailoring of ths fuaeluge
nose forebody sectidn cdn have a pronounced effect in reduc-
ing fuselage instability at high angles of attask (References
11 and 12 ). Yuselage forebody ellipticity with the major
axis in the Korizontal plane cai greatly influence the overall
improvement in fighter directional stability at high angles
of attack, as vepresented in Figure 3.4-2, Forebody-shape
ellipticity has been integrated into the 401B design, :

Model test date on thé F-5 (Reference 13) and Fw100
(Reference 14) airplanes substantiate the -lnfluence of an.
elliptical cross section shepe on the fuselage nose toward
improving the directional stability at high angles of attack.-
Tall-off directional stability derived from the F-5 is pre-
sented ag a function of angle of attack i the upper plot of
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{U) Figure 3.472 Effect of Fuselage Forébody on
Directional Stabiliry
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Figure 3.4.3, Above an angle of attack of sbout 16 degrees
there is a8 décided improvement jn stability with ineresging
angle of attack, This improvement is attributed to the F-5

nose ellipticity.

Supersoniz directional stability data at Mach 1.6 for
the F-100 with the vertical ‘tall off is alsoc shown in thig
plot, At an angle of attack of approximatély 16 degrees;
there is a definite stabllizing trend in. the- htgh-angle-of
‘attack range. Such improvement. in stabili:y ‘1leyel: for the.
F-100-1s- also- attributed to the fuaalage nose ellipticity.

Also in Figure 3.4-3 (lower plot); a comparison is

given of the nose elllpticity of the 401B configuraticn with
‘that. of the F-5 and F- 100. The nose ellipticity is shown

as -& Function of percent- fuselage length,nnd it is evident
that all three have essentlally the same level of ellipticity.
Consequently, It is. projecteéd Into the upper plot (dastied
line) that Configuration 4018 will possess the same favorable
improvement in directional stability at. high ‘angles of attack.

Twin Fins and Ventrals - Another jmportent. design
aspect followed in providing-good directional stability to
high angles of attack {s the location of the vertical sta-
bilizing surfaces: The most important single parameter -in
defining tail. effectiveness et Kigh angles of attack is the
amount of vertical surface aree above and clear of desta-
bilizing vortices generated by the fuselage nose; the canopy,

-and the wing/body intersection, On the basisz of thesé con-
'sideratinns, outboard twin fins on aft fuselage extensions
~with ventrals projecting directly below end in the plane of
'uppez fins have been selected to sefve as affective stabiliz~

ing burfaces £o very high anples of attack..

Mid~Dutboard Aflerons - COnfigurntion factors which
influence alleron yaw have been investigated for preliminary
design guidelinea, ¥t has been foéund that aileron deflec-
cion prodices. yiwlhg moment primarily by two effects, namely,

side forces induced on the vertical tail/aft fuselage and

differences in drag imcrements for the up-golng ‘and dawn-

-going controls, ¥For the case of an ailr superiority fighter,
major factors in order of Importance are:

1. Vertical tail location with fespect to ailerons

2. Wing height on the fuselage
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3. Drag differentizl of che~upngoing;va:sum
the down-gaing econtrols,

Factors 1 and 2 -ave basically related to the increagsed pres-
sure field induced above the up-deflectéd surfacé, and ate
particularly potent at transonic and supersonic peeds
because of the presence of strong shock waves. Generally,
vertical tail locaticn determines the lével of yawing moment
due to aileron, Drag: variations with control deflection are
the chief source of adve¥se yaw. Factor 3 would be dominsnt.
only for high-aspect-ratio wings with cutboard ailexcns. In
fact, each of the factors is influenced by wing planform and
section geometry, with sweep: angle being of particulax im-
portacceé to Factord 1 and 2.

On the basis of the sileron ydw inveéstigarion results,
a configuration design guideline providing desirable verti-
cal tail locations based on aileron yaw characteristics has
been déveloped and-is presented in Figure 3.4-4. Vertlcal
tail locaticn velative to the alleron is speciffed in terms
of profile angle in the vertical plane and planview angle
in the horizoital plane. The desirable reglon of verticdl
tail location indicated in Pigire 3.4-4 is based upon tran-
sonlc dileron-control yawing-moment data for thé numbér of
specific configurations listed. GConfigurations with Iarge
planview angles tend to have strong sdverse yaw and ‘thus

-would be susceptible to aileron-induced spins. Configura-

tigas with extremely low planview amgles should also be
avoided, sincé excessive proverse yaw is & prime contriby~
tor to Iateral-dlrectional pilot-induced oscillations. In
general, the latter configurations would normally have in-
board ailexdns in close proximity to the horizontal tail.
Such an arrangement may. hgve large roll-contzol powex losses
due to Horizontal tail interfexence effects. It is seen

that the Configuration 401B aileron/vertical tail-arrangement

is In the acceptable xaglon.

A low wing height position on the fuselage glso con-
tributes to proverse aileren ysw-due to induced aileron. side-~

‘waghi ot the aft body, The opposite effect, or advérse yaw

occurs with a high wing on the body. For a mid-wing on the
body such as configuration 4018, a neutral effect from ‘the
body contribution due to ailernn sidewash s experienced,
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3.4.3 Stnbil&ty and Contrel Basic Data

Stability and control characteristics are the funda-
mental contribution to handling qualities. In this sub-~
section, the predicted basic stability and control deriva-
tives used in developing the predicted hendling qualitics.
of the 4018 configuration are pregented. In general,’
gtandard NASA .symbols and definitions are employed, with
the forces referred to the wind axes and the moments rve-
ferred to the stability axes except in the cases for the

dynanic diveétional stability and"lateral control apin. para-
metexs, which are referred to the body axes system,.

3.4.3.1 Longitudinal~Stab111bx~and'Con&rol

The two prime basic :stability characterlstics, nawely,
aerodynamic center and elevator ¢ontrol effectiveness are
pregented as functiens of Mach nunber in Figurea 3.4<5 and

3.4-6. Straight-forward analytical techniques, succegefilly

used and proven relisble in the past for similar wing plan-

form configurations and tails, have been employad to develop

these characteristics, The effects of aeroslagticity, based
on fixed-winhg FX estimates, have been included,

Weight aud tialancdMcharactertstics of GonFiguration

4018 src listed in Table 3.4+2,

-(sa- Table 3.4-2. WEIGHT & BALANCE

CHARACIERISTICS
Gross Welght ; 6.6,
_¥§;b) N .} (% MAC)
16,800 (full wp) 24,9
12,614. (zero fuel) . 21.2
11 ‘B81 (bnsic operating weight) T 22,4
11,582 (weight empty) T 24,7

With. a low-speed aercdynamic center of 30% MAC, adequate
static wmargin is provided for the takdéoff and lsnding condi-
tions. Similarly, positive stetic margine are available
:hroughOu; the flight envelope. A detail summary of weight
and balaove 13 presented in Section 3.5.
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Estimated pitch damplng is presented as a function of
Hach number in Figure 3.4-7 and & function of angle of
attack in Figure 3.4-8. Pltch dynamic-model test data (see
Paper ¢ of Reference l1) substsntlates that the blended wing/
body ‘of Configuration 401B will maintaln & good positive
lev:} of pitch damping at high: angles of attaek naar tlie
sta

3.4,3.2 lateral-Directional Stabiliry and Control

Statie directional stability ts the most significant
stability derivative that affects lateral-difectional

handling qualities. Predicted directional stability of the

twin-fin/ventral arrangement is shown for zero angle of
artack as a Eunctinn of Mach number in Figure 3.4-9 and for

& Mach number of 0.8 as a function of angle of atback in

Plgure 3,4-10. Standard prediction techniques for vertical
tall effectiveness were employed. The variation in vertical
tall stabilizing effectiveness with angle of attacic. has been
patteérned after the BX twin-fin model data. Vertical tail
aeroelastic effects shawn are based upon FX. estimatés. The

.effectiveness of the ventrals in providing directional sta-
. bility was derived through proper ventral volume coefficient

corrections: applied to FX model veatrdl test data. Body
instablliCy at low angles of attack:-was estimated- according
to Multhopp's method,

The. hijgh levels of directional stability ‘indicate good
lateral-directional handling qualities to angles of drtack
well above limit buffet and well past maneuver limit, as
shown in Figure.3.4-10. The improvement in directional sta-
bility st tha very high angles of attack. in Figure 3.4-10 is
attributed to the forebody nose ellipticity, as described
in Subsection 3.4.2, This favorable forebody contribution
to improve body instability at: high angles of attack ts
based on F-5 and F-100 body directjonal stability data as
shown in Figure 3. 4-3.

Static lateral stability in terms of effective. dihedral
iz presented as a fimction of Mach number in Figure 3.4-11
-and as a function of angle of attack in,Figure 3.4:12, The
predicted variatlons are patterned after similay date for
the F= 5 airplane Positive dihedral effect. is apparent even
to high angles of attack., The pogitive level of effective
dihedral shown act high angles of attack prechudes che presence

of wing rock..
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The variations of aileron control effectiveness with
Mach number and angle of attack are shown in Figures 3.4-13 S
and 3.4-14, respectively. These data are based directly
upon transonic foll research model tests (Refeérence 15).

Adequiate aileron control effectiveness: is provided to high
angles of arpack. Ratimated aervelastic effeécts on aileron
control are included and show. that adequate sileron roll-
control effecciveness is maintaimed throughout the £light
envelope, The mid-wing design concept allows a highly
cfficient, thick, wing rpot struéture, which, .in cowjunction
with the low structural :aspect Fatio of ‘the wing, provides

a highly rigid wing airframe to preclude .géroelastic aileron
roll reversal.

The predicted yaw due to alleron deflection, compatible
with the roll effectiveness predictions, is presented as a
fimction of Mach number in Figure 3.4-15 s#nd as & function
of angle of attack fu Figiure 3.4-16. These predicted para-

meters -are based on the results of analyses of dvailable

test data for similar configurations. The primary configura=

tion &Efects were isolated and the values were estimated for

the 40LB arrangement. Note, particularly, that c“& -demon -

strates: & relatively small variation with angle of°% attack

and does not dsgume very large adverse or proverse levels ~—
ven at very high flight attltudes.

Rudder effectiveness is presented as: & function of Mach

. pumwber in Pigure 3.,4-17. Aeroelastic effects on rudder

effectiveness aré based on FX eitimates, Adequate direc-

' tional control is available throughout the Mach-altitude

£light envelope.

Estimates of 'yaw- and roll-raté damping parameters are
presented as & functlon of Mach number in Figures 3.4-18 and
3,4-19, respectively. These parameters are used in establish-
1ng~=he latexalv-directional free-airplane dynamfcs,

3.ibndp Handling.QuaIities
& limited analysisg of the free airplane handling quali-
ties of configuration 401B. fighter has been conducted: In

some. cases, appropriate MIL-F-8785B specifications. are
{ndicated for comparative purposes,
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.spin-resistance factors. ‘These analysés agsumed maximum E
‘ioternal fuel and wminlmum static margin. Specific airplane oy

Percinent hnndling qualitiea for the primary operating
conditions in-the combat region, shown in Figure 3.4-20,
have been investigated to establish the predicted combat

Elight: characteristics of the free airplane. These

characteristics will be enhanced by a aimple stability and
cowmand augmentation system.

In general, the handling qualities charactetistiea ‘have

been investigated at the more demanding maximin sustained
load factors in nurnxng flight rather thasn f£or trim level
Elzght. Haudling qualities 1nvesc£gatinns included free-

PRSPy

airplane longitudinal and lateral-directilonal. dynamics,
maximum Crim 1§ft, maneuver-gradients roll reapoase, and

parameters used are listed in Tsble 3.4-3. The moments of

‘inertia ‘arve about the principal axes and the inclination of |-

the principal axis with the wing root’ reference chord is
i degree down.

, +8)- Table 3.4-3 PHYSICAL PARAMETERS (U).

Gross Weight 16,800 1b
Ceater of Gravity: 25 - 27% MAC .
Piteh Inertia 31,886 s1ug-fc2
Yaw laertia - 36 228 slug-ft
Roll Ivertia 6, 727 slug»ft
Wing Ref. Area . 280 I3

MAC 133 in.

Wing Ref. Span 29 ft

3.4.4.1 Dynamics
Lengitudinal shnrt»pe:ﬂud frequency characteristics are

‘presented in Figure 3.4-2) for the free airplane. Requite~

ments of MIL-F-8785B are indicated for comparative purposes
oaly te show that &1 of the combat f£light conditions
iavestigated fall in the satiefactory Level 1 region. Un-

sugmented short-peripd pitchedamping ratics for the corre-

sponding £light conditions axve tabunlated fn the legend in

Figure 3.4-21. $20d freardirplanue damping ratios are evident;
however, the augmentation system will further enhance these

characteristics., These data ard indicative of the excellent
longitudinal short-period dynamic characteristics inherentiy:
designed -into the 401B fightar.
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Free aitplane Dutch roll frequericy as a function of
damping ratic i{s presented ii Figure 3, 422, MIL~F-87858
requirements for Gategory A (combat) Elight phase are super-
Imposed for reference purposes. The analyzed flight condi-
ttons fall in the Lével 2 requiréments region, Level 2
represents handling qualitles adequate to-accomplish the
missfon but with some increase in work: load, Consequently,
achievement of Level 2 lateral-directional dynamics with the
free airplane demonstrates the results of the same. careful

design cliat produced the good longitudinal dynamiecs. In
both Iongitudinal and laceral-diréctionat modes, the final
avgmnented handling qualities of Configuration 4018 will be
Eurther enhanced by the stability and command augmentation
systen.

3,4.4.2 Trim Conktrol Power -

An all-povable horfzontal tall surface i used to
maximize control.effectivenass at supetsonic gpeed. Based
upon- an Inflight efc c.g. of 27% MAC, adequale -longitudinal
maneuvering-response congrol power Ls availible as. demon-
strated by the trim capability summarized.in Table 3,4-4,
Trim déflectidns have also been estimated to es:abltsh trim
drag polars for the per formance analysis in Subsection 3.4.

.

Tableé 3,44 TRIM ELEVATOR FOR LIMIT

LOAD FAGTOR 6#
B S S e M
30,000 8 1.3 - -6:5
30,000 R 1 326 -6.8

typical ‘combat: wing loading.

Combat maneuveéy criteiia dictate good handling gualities
up to the maximum wiig sngle of attack as determinad by
aerodynsmic stall or alrframe structursl limits. Trim lift
characteristics at the Mach 0.8, 30,000-foot condition are
presented in Figure 3.4-23. The pltch control power is
sufficledt to devélop angles of attack corresponding to the

* waximun lift éapability of the: airplane within the opera-

tiongl envelope. Reference to Figure 3.4-10 ‘ghows that a
136
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good level of static directional stability is maintained
throughout this angle-of-attack range. Further, as discussed
below ia Subsection 3.4,4.5, in the dynimfc directional sta-
:bility and the lateral control spln ‘parametex demonstrate
high positive levels dt the Kigh angles of attack: that can
be developed. These positive values preclude yaw divergence
and indicate the presence of high spin resistance..

3.4.4.3 Maneuver Gradients

vy Elevator ‘maneuver gradients (Bg/g) have beer :éstimated
for the combat £light condltions and are Visted {n Table
3.:4-5.
Table 3.4~5 ELEVATOR :MANEUVER GRADIENTS
% GW = 16,800 1b CC @ 25% MAC
f ) .
- : Altitude : Sile.
Mach | (Fr) (dep/E)
<8 _SL = 126'
] . 15,000 - 49
- i 30,000 - .90
1.2 ‘ 8L | = .34
1.6 15,000 - .58
1.6 : 30,000 -1,11

During £light oo the deck, the maneuver gradients are rela-
tively low. Design of a commaud augmentatioh system will

: mask the effects of Low Sa/g values from the pilot and

3 A provide near constant stick force per g characteristica.
Algo, the stick force gradient (Fy/g) suppiled by the pitch
~command angmentation below 6 g will be designed for 3 to' S
1b/e with a nearly constant relationship. In addition, the
atick force gradient will be incressed above 6 g Lo thrae
times the normal value,

3444 Roil Response’

) ‘The 401B fighter is highly responsive to pilot roll
" command as’ evidenced in Table 3.4-§ by the bank angles
achieved in 1 gecond for full stick throw at the cambet
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f£light conditions. The roll response quoted in Table 3.4-6

is représencative of the unaugmented flexible airplana.and
indicates ample .roll-céntrol power availability, A roll-
control command dugmentation system can be incorporated te
moderate the -exceedingly high roll rates above: 200 degrees
per sécond and will tend to hold congtant response with
varying dynamic pressures,

As: mentioned previously, the mid-wing placement in con-
junction with the low atruntuta1~w1ng agpéct ratio affords
a velatlvely rigld strictural wing frame, This allows
allefons to be used throughout the flight envelope without
éncountering aerocelastic roll revexsal..

GW =16,800 1b €6 @ 25% MAC,
P ) Aip;:ude Bank Angle in |
: Mach {£¢) 1. Second (dep)
8 8L 168
.8 15,000 199
8 30,000 196
1.2 §1. 100
1.2 15 000 269
1.2 30,000 161

3.4.4.5 Spin Resigtarce

~ Twa imporrant parameters that are prime indicators of
spin susceptibility (or deégiee of spin xesistance) are the
dyuamic-d;zectional»stability parameter and the lateral-
.control spin parameter (LGSP). PBach has been evaluated at
the Mach 0.8, 20,000-foot condition énd are presented as a
furiction of angle of abtack in Figure 3.4-24. Increasing
positive values of these two parameters are representative.
of incréasing spin resistance, The curves of Figure 3.4-24
indicate that positive levels are malntained to very high
angles of attaeck. .Such lévels .indicate that there will be
a high spin resistance and that there will be no post-stall
‘yaw. departure. Thus, the fighter pilok.can maneuver the
4018 configuration to its maxiium potenrial with full confi-
denée that it hag no pitch up or yaw divargence and is
highly spin resistant,
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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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	~FFECT ·or: FUSELAGE· c~oss· SECTION 
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	.(U) ;Figm:e ~.4~2 Effect of rusela,ge Forebody on t>irect::f.onal si:s.b,ilitt 
	-137 
	.
	' 
	l 
	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. 
	140 
	I 
	i. 
	l.) 
	! j 
	I 
	I 
	I 
	I 
	i 
	i 
	r 
	-S.-EC.RET 
	g_ 
	oij 
	=... 
	IIIQ 
	l!I.u.JJaa • u.a l'tfltV. •'llmu 
	'· 
	141 
	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.(, , 
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	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,
	i.
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	.'J:at>-Je ·3 ,:4-6 FREi::.AJ'.~~E R~Ll...'RE_Sl'ONSB 
	~-.4.-.4.5 ·spin Resfs'tanc~ 
	(Dj . . Two :lniporta~t-parameter.& tb~t .ai-i: p.x:J.m:e i~i~"t~r~ ~f sp~n au~c~ptib!lity (0r_degree vf are_the ~jn11111c.~direc~Dr1~~-sta1?ili_~ patameter ancl the. Later.-1• _ . con~~al. 11i;tn· parame~9r (~P). Each bas been. eva-;l."Qated· a~ -i:he :Ma~-0,8~ :~o~oOO-,foo.t condi~i~ and· are pres!:)nted. as: a function 0~ _,i.ngie_ .of 8~!=1!,Ck ir;i nsure-~-4•2.4, ;[nc~easi_nl!j :positive· valu,cs of thasa two. pattin\eter, .ara _r:ep_resentativ~-­of· ·,:-esistanc.i:;, -~~e .curves of Figure 3-,4-24 -in
	---_______,. 




