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RACA RM AS50HC2

NATTONAL ADVISCRY COMMITTEE FGR AERONAUTICS

RESEARCH MEMORANDUM

EFFECT OF DIHEDRATL CHANGE ON THE THECRETTICAL DYNAMIC TATERAT
RESPONSE CHARACTERISTICS OF A LOW-ASPECT-RATIO
STRATGHT-WING SUFERSONIC AIRPIANE

By Donovan R. Helnle

SUMMARY

Results of a theoretical investigation of the lateral response and
stabllity characteristics of the X—3 research alrplane (Dougles Model
No. 499D, Study 41-B) are presented. Included are time histories cal—
culated by the Reeves Electronic Analog Computer showing the effect of
varlous disturbances on the lateral response of the airplane with O
geometric dihedral (normal configuration) and with —5° dihedral. Two
sets of values of the yawing moment due to roll were used, one esti—
mated using present theory and the other based on recent wind—tunnel

tests of an X—=3 model.

The calculations show that the airplane is oscillatorily and spi-
rally stable with elther dihedral but does not meet the U. S. Alr Force
Period—damping regquirements in any high—speed condition investigated.

The rolling motions and the roll exclitatlon parameter (]g1> are gen—

erally large for the airplane with 0° dihedral; these rvlling motions

are reduced considerably by a change to —50 dihedral. The nature of

the motions following applicatlon of & step rolling moment appear nor—
mal with either dilhedral. The initial roll (and the eventusl roll,

with —5° dihedral at high speeds) following an abrupt step rudder deflec—
tion 1s in an adverse direction; however, these umusual rolling motions
are smell compared to those which can be produced by the ailerons. The
only significant effect produced by a change in the yawlng moment due

to roll parameter from the estimated value to a more negative value

based on experimental results is a marked reduction in the demping of

the oscillatory mode.
INTRODUCTION
A general study of the predicted motions of various high—speed air—

craft configurations is being made at the Ames Aeromautical Laboratory.
The influence of design trends on the flying qualities of alrplanes is of
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interest., It 1s belleved that examination of the predicted motions, in
the light of results of flight studies such as those reported in refer—
ence 1 and the specificatlons as given 1n reference 2, will indicate both
the characteristics of the motion of high-speed configurstions which may
be undesirable and the design changes necessary to improve the behavior.

One example of these high—speed confligurations 1s the X—3 alirplane
(fig. 1) which makes use of a comparatively low-aspect—ratio stralght
wing. Thils airplane might be considered representative of a future
design trend which willl resort to low—aspect—ratio wings wlith supersonic
wing sections to minimize high-speed drag. This trend is in contrast
to another makling use of swept wings.

Previous theoretical studies on the dynamlc lateral stebility char—
acteristics of an early version of the X—3 alrplane (reference 3) and
on a later modification of the X—3 (reference 4) indicated, in addition
to deficiencles in oscillatory periocd—dampling relations, lasrge exclta—
tion of rolling motlions due to yawing diesturbances. Recent flight tests
of a conventional fighter alrplane equipped with a device for varying
effective wing dihedral in flight (reference 1) have shown that this
roll excltation is an important item in the handling characteristics.
In vliew of these results and the fact that the X—3 configuration had
been altered consliderably since the study of reference 3, 1t was con—
sldered desirable to make additional dynamic lateral—stability studles
with the latest avallable wind—tunnel and dimenslional date and to study
the effect of a possible change to negative dlhedral on the flying qual—
1ties. The study of the rolling motions due to yawing disturbances also
was of lnterest.

During this investigation reference 5 was published dealing with
the perlod—damping relationship as affected by a change to —5° geometric
dihedral and variations 1n some of the dynamlic stabllity derivatives.

It also included a short discussion of the [9- relationship applied
to one flight condition. B

Thls report includes a more detalled discussion and data on the
|§1 relationship over the coperating Mach number range of the X—3 alr—

Plane for 0° and —5° geometric dihedral. Several time historles of step
and pulse disturbances are included showlng the typlcal lateral motlons
of the alirplane.

SYMBOLS

The data presented herein are referred to the stabllity system of
axes. The poesitlive directions of the forces, moments, and angular dis-
placements are shown in figure 2. The stabllity system of axes 1s
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defined as an orthogonal system having 1ts origln at the center of grav—
ity and in which the Z axls 1s in the plane of symmeiry and perpendic—
ular to the relative wind, the X axls is 1in the plane of symmetry and
perperdicular to the Z axls, and the Y axls is perpendicular to the
plane of symmetry.

?
¥

H m o . v

H

T

angle of bank measured about the X axis, radians
angle of yaw measured about the Z axis, radilans

angle of sideslip <%_, where v 1is the lateral velocity in the
Y direction ) , radians

rolling velocity measured about the X axls, radians per second

yawing velocity measured about the Z axis, radlans per second

trus airspeed, feet per second

mass density of ailr, slugs per cuble foot

dynamic pressure (%pﬁ) s pounds per square foob

wing span, feet

wilng area, square feet

welght of ailrplans, pounds

mags of airplane, slugs

relative density factor <i>

pSb

geametric dlhedrsl, degrees

inclination of principal longitudinal axis of airplane with
respect to flight path, positive when principal axis is above
flight path at nose, degrees

angle between reference axls and flight path, positive when
reference axls is above flight path at the nose, degrees

angle of flight path to horizontel axis, positive in climb,
degrees
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redlus of gyration in roll about principal longlitudinal axis, feet

radius of gyretion in yaw about principal vertical axis, fest
nondimensional radlius of gyration in roll about principal
k

longitudinal a.xis( -f-Q)
nondimensionel radius of gyration Iln yaw about principal

vertical axls (151—2)'9)
nondimensional radius of gyration in roll about longitudinal

2 2 2 2

stebility axls (JKIO cos“n + Kzo sin q)

nondimensional radius of gyration in yaw about vertical stability

axis (,/ KZ‘:,2 cos®n + Ky ® Bin2n)

nondimensional product—of—lnertile parameter

[(Kzoz - Kx°2> gin 1 cos 7 :l

1ift coefficient

11ing moment
rolling-moment coefficlient (ro Sbm o )
9

yawling moment)

yawlng-moment coefficient =
q

latersl~force coefficient M_&%_flrg_g)
aQ

yawing-moment coefficient due to rudder deflection, per degree

rolling-moment coefflicient due to rudder deflection, per degree

time, seconds

differential operator <d%>

period of oscillation, seconds
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Ti time for emplitude of oscillation to decrease by one—half
2
M Mach number
Subscripts
B rate of change with angle of sideslip (%)
P rate of change with rolling-angular—velocity

st |
r rate of change with yawing-angular—velocity factor I: 321“3727’) ]

A applied dlsturbance
est estimated

rev revised
COMPUTATION MBTHODS

The responses to simple roll and yaw disturbances were determined
for eight Plight conditions for both the normal configuration with 0°
goometric dihedral and for one with —5° geometric dihedral. These flight
conditions listed in table I covered the expected operating ranges of
Mech number from 0.30 to 2,0 and altitude from sea level to 50,000 feet.

Time Histories

The time ﬁistories of the motion of the alrplane were calculated
from the equations of motion In the following form:

(2;1 K, D2 —%;—’czp ]9:1) +(2u kD -21c, D)llr_

T
2 2
v v
(3) expp-es, (3)
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(s 5 - 1 E 0 D)3+ (2053 - L, ) -
IRIEENC

(E) ng B =%y \3

K——GYPD—-,ECL)¢+ L\zu—Ech/D—FCLtan 7JV+

2
(22 -F0n, )0 - o0, ()

For all conditions the flight path was assumed to be level (7 = O)
and both ch and CYf were assumed to be zero.

The Reeves Electronic Analog Camputer (RFAC) was employed to plot
directly as a function of time the lateral response of the alrplane as
specified by the equations glven above. In these plots 1t was desirable
to maintain as large an amplituds of the output of the REAC as posasible
for a glven case so that the perlod~demping relationship could be measured
with the greatest possible accuracy. The time historiles presented herein
are photographic reductlons of these direct plots made at various scale
values and care must be used in comparing the curves. Time historles of
the responses @, ¥, B, and their derivatives for the following inputs
are computed by the REAC for each case:

l. Rectangular yawing-moment pulse,
C, = 0.01 for 0.15 second

2. Step rolling moment, Cy; = 0.0l

3. Step yawing moment, C, = 0.0L

In addition to these three Inputs, time historles of the motion due
to a step rudder deflectlon and due to an Inltial sideslip were obtained
for a few conditionms.

Ieteral Charascteristics

For each condition, P, Ti, end I%l were obtained by calculating
T2
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directly by the usual means from the complex roots of the characteristic
equation, and by scaling these values directly from time histories
obtained 'by use of the REAC. The method given in the appendix: was used
T.:O G&.LGU._L&“GB me I'E.'Cle OI 'U.CI.B &mP.Ll'UIlCLB OI E.LB OSGl.L.L&‘GOI'y IEOQ.B OI a.ng.l.e
of bank @ +to sideslip angle B (written I%' and tentatively chosen
as a measure of roll excitation, reference 1).

Airplane Characterlstics

Di LAV
sented in tabl were 'b'ba.ined from references 1!- and 6 supplemsnted.
by additional information from the Douglas Alrecraft Company.

The values of Cn:p: used originally in the present investigation,
were estimated in the usual manner (reference L) and were used in the
original calculations and REAC studies. It was found in tests of a
model similar in configuration to the X—3 1in the stability tunnel at
the Langley Aeronautical Laboratory that these values of Cnp were in
error (reference 5). Consegquently, revised values of C were calcu—

lated from the following formula based on the experimental data:

Cy
- Btail)
C =C —{ 0.125 52l
Prev Pegt ( -0.30

The lateral characteristics were recalculsted with C for all

“Prev
test conditlons, and REAC studies were repeatsd for those conditions con—
sidered of greatest interest (I, II, and VII).

RESULTS AND DISCUSSION

Although time histories of the alrplsne motion were obtained and
analyzed for all the conditions listed, only those representative of high
1ift coefficient at sea level (I), high subsonic speed at sea level (II),
and supersonic flight at moderately high altitude (VII) have been
included herein. The motions for these widely differling conditions are
indicative of the nature of the motiomns for the other conditioms. The
revised values of Cnp were used for all the time histories which are

presented except where noted on the figures.
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Representative plots for each of the inputs listed under the sec—
tion Time Histories are included. The pulse input furnishes a good
representation of the oscillatory mode of response as also does the
initial sideslip input. The latter also provides an indication of gust
response of the alrplane. The two step inputs yprovide a method for
geparating the effect of rolling and yawlng-moment components duwe to
allerons or rudder on the response. The step rudder deflectlon pro—
vides one example of an arbitrary control deflection for the study of
the nature of the resulting motion.

Response to a Pulse Yawlng Moment

The time historles of the lateral response of the alrplane to a
yawing-moment pulse are presented in figure 3 for 0° and -5° gecmetric
dihedral. As may be seen from the flgure, thls type of lnput serves
to exclte primarily the osclllatory mode of motion. Direct examination
indicates that, although there is little change in the nature and magni-—
tude of the motions in ¥ or B as a result of the change in dihedral,
the relatively large roll with 0° dihedral is considersbly reduced by
—5° dihedral, particularly at high speeds. The small initial negative
roll in condition I arises due to the fact that the yawlng moment is
appllied about an axls different from the princiypal axls. This fact
makes the term K, large enough so that the yawing acceleration pro—
duces a noticeable disturbance in the rolling-moment equatlon. The
game effect wlll be noted later ln the response to a rudder deflectlon.

Response to & Step Rolling Moment

For this airplane, the motions due to an applied step rolling
moment (fig.h4) represent closely those in a rudder—fixed alleron roll,
gince the yawing moment due to alleron deflection is small. The nature
of the motlons appears to be normal. Falrly large adverse sideslip and
a resulting reduction in rolling veloclty are indicated for condition I;
the initlal sldesllp and yawling motions arise primarily from product—of-—
inertia effects at this high angle of attack. It has been ascertalned
on magnified plots that at high speeds the sldeslip ise negligible, the
yaw l1s small compared to the roll, and the rolling velocity reaches the
maximum rapidly and remains essentially constant after 1 second.

Response to & Step Yawing Moment

The response to a step yawing moment with a dilhedral of 0° (fig. 5)
reflects the same characteristics as the response to the pulse yawing
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moment (fig. 3). A small negative initial roll occurs in condition I,
and the rolling motions in the other conditions are large compared to
the yawlng motions. Data not presented in this report show that a
change to —5° dihedral reduced the rolling amplitude.

For given control—effectiveness parameters, time histories of the
response to arblitrary control deflectlons can be approximated by suit—
able superposition of the step—response data of figures 4 and 5.

Response to a Step Rudder Deflectlion

The lateral response due to 1° step rudder deflection for the air—
plane with either 0° or —5°C dihedral (fig. 6) shows an inltial adverse
roll. In the high-speed conditlons, thils is due primarily to the large
rolling moment contrlbuted by the rudder. In the low—speed condition I,
however, the 1nitlal adverse roll arises primarlly from the large posi-—
tive inciination of the principal axis; this effect was noted previously
In connection with alrplane motions due to a yawing-moment pulse. With
& dihedral of 0%, the effective dilhedral is sufficlently positive to
overcome the initial rolling tendencies and to cause rolling in the
normal directlon after 1 second or so. At high speeds wlth dihedral
equal to —H° (figs. 6(b) and 6(c)), the effective dlhedral is mnot suf—
ficiently positive to overcome the rolliing moment due to rudder deflec—
tlon, and the alrplsne starts and continues to roll In the adverse
direction.

It 1s probable that a pllot would be cornsclous of the small ini—
tial erratic rolling motions primerily as an unnsually long delay Iin
the development of normal rolling motion. Since the sdverse roll dur—
ing the flrst second or two is small, little use of the rudder appears
necessary at high speeds 1n view of the very small sidesllp angles
which would occur in alleron—roll maneuvers.

Response to an Inltial Sideslip

The time histories of the motion due to an initial sideslip
(fig. T) are indicative of the actlon of the alrplare in gusty air; the
response can be considered as that due to a sharp-edged slde gust of
velocity v = VB. With a dihedral of 0°, the mature of the motion
appears normal except for the low damping of the osclllatory mode and
the rather hilgh excitatlon of the rolllng motion, especlally at high
speed. The gizable reduction in rolling amplitudes at high speeds due
to a change in dlhedral to —5° is apparent; the sideslip and yawing
motlions are almost the same between the two values of dlhedral.
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Iateral Osclillation Characteristics

It can be demonstrated that any type of input resulting in control-
fixed osclllations will produce the same wvalues of the periocd P, +time
to damp to half amplitude Tg_, and the parametexr |9| Since the yewing—

moment pulse input produces a well-defined lateral oscilla.tion (fig. 3,
for example), these time histories were used to obtaln most of the REAC
values of P, T_;, and | l The values of P, Tl and Igl as scaled

from the REAC d.ata. and as calcula.ted. directly are given in ta.ble IT for
the various combinatlions of CDP and dihedral.

The calculated values of Tl, are plotted as a function of P 1In

figure 8, along with the period—d.amping criterion boundary of reference 2.
The . change in dihedral fram 0° to —5° with cnpr (fig. 8(a)) shows a
ev

favorable effect with regard to position relative to the boundsry for all
but condition VIIT, where damping was decreased slightly. Sizable
increases in damping are apparent in conditions II, ITI,and VII.

With regard to I%| , examination of table II willl show that the
change to —5° dilhedral produced & reduction in the roll excitation.

For a dihedral equal to 0°, %' ranged from 3.34% to 5.59. The change
to —5° reduced !%| to 3.30 or less for all conditions. The results
reported in reference 1 indlcate that lateral oscillatlons characterized

by slightly unsatiefactory periocd-—damping relations and valunes of ‘%

greater than about 4.0 may be intolersble. In order to safeguard
agalnst this possibility with thils airplane, use of a negative dihedral
angle or a means of improving the period.—d.amping charecteristics would
be needed. Unfortunately, use of —5 dihedral might lead to a reversal
of lateral stick position and control force in steady sideslips because
of the large rolling moments due to rudder deflectlons.

The change from C to C was found to have little effect

"Post “Prov

on the response characterlstlics except for a decrease in the damping of

the oscillatory mode. This is readily apparent in comparing figure 8(a)

with 8(b). More of the conditions (fig. 8) are in the unsatisfactory

range with Cn.p mainly because of the changes in time to damp to half
rev

amplitude. The dlhedral change was found to be more effective with

C than with C .
nprev ' nPest
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It was found that the values of P, Tp, and '%| obtained from
2
the time histories as computed by use of the REAC agree with these

voliiaeg aa malremletad Adrantlv Pram +ha ahavrantantiadin nn-no-i--‘ Anag widthdin
va.ues as Ca.luiateld Girefi.y II'om Tne CnaraCuoveristiC &4 ONS Wila4lll

+5 percent for P and within $10 percent for T; and % .
2

CORCLUSIONS

The followlng conclusions may be drawn from the present analysis
of the lateral response characteristics of a hlgh-Speed stralght—wing
airplane configuration with 0° (normsl) and —5° gecmetric wing dihedral:
(Unless otherwise noted, values of the stability derivative Cnp are
based on recent wind—tunnel data. )

l. The alrplane is osclllatorily and splrally stable with 0° dihe—
dral, but does not meet the Air Force period—damping requirements (refer—
ence 2) in any high—speed. condition imrestiga.ted A change in d.ihed_ral
DO —9 genera.u.y I'SBU..L'US lD. an 1ncrease lIl u.a.mplng or 111 PGI'ILOCL \DOE.EL
favorable), but unsatisfactory period—demping relatlonships are still
indicated.

2. For the alrplane with dihedral equal to 0°, the rolling motions
followlng a yawing dlsturbance are large, and the ratlo of the ampli-—
tudes of the oscilliatory mode of angle of bank to sngle of sideslip

g ranges from 3.34 to 5.59. These values, coupled with the damping

deficlencies noted above, indlicate an alrplane which would be slightly
tolerable to in'bolerable as measured by pllot evaluation. With dihe—
dral equal to —5 , these rolling motions are considerably reduced and

the roll exclitation parameter (l%D is less than 3.30 for all con—
condlitions — indicating a tolerasble or better airplane.

3. The initial roll followlng an abrupt step rudder deflection is
in an adverse directlon; that 1s, right roll follows a left rudder
deflection. With dihedral equal to 0°, the dihedral effect 1s suffi—
clent to cause rolling in the normal direction after 1 second or so.
With dihedral egual to —5°, the roll continues in the adverse direction
at high speeds. For elther dlhedral these rolling motions are small
compared to those which can be produced by the allerons. The adverse
" roll, therefore, may not be a serious deficlency in view of the small
rudder deflections reguired to maneuver the alrplane at high speeds.

L, The nature of the motions followlng applica‘bion of a step roll—
ing moment appears normal for the alrplane with either 0° or —5 dihedral.
At high speeds, the sldeslip 1s very small and the rolling veloclty
reaches s maximum rapidly and remsins essentially constant after 1
second.
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5. The only significant effect of a change 1n the values of the
yawing moment due to roll parameter (C, ) from those estimated in the

usual mamer to the more negative values based on recent wind—tunnel
data was a marked reductlon in damping of the oscilletory mode.

Ames Aeronasutical Leboratory,
Natlonal Advisory Commlttee for Aeronsutics,

Moffett Field, Calif.
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APPENDIX

CAICUIATTON CF THE ROLI. EXCITATION PARAMETER G% [)

As Indlcated In the appendix of reference 7, the oscillatory mode of
the response in bank @ of an airplane to an applled unit step yawing
disturbance may be written as a function of time:

Y
(T + Ji)cpN e)"st + (I - J'i)qJN o * (1)

and the oscillatory mode of the response in sidesllip B as

}‘,31-, ( 7«.41: (
(T + J1) e + (I — J1) e 2)
Px By
where
;a =a + :i } camplex roots of the characteristic stablllity egquation
4« =8
)
(T + .:ri)q;,N
(T — .J‘:L)cp
N complex response coefficlents
(T + .:r:i),3
N
4

Expressions (1) and (2) may be rewritten:

2(Tpy + Jpt) &2F cos bt + ) (3)
2(IBN + JBN1) 6% cos B(t + tg,) (&)

where the time intervals tq;N and tBN account for differences in
phase. '
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The ratic of the amplitudes of the oscillatory modes of ® +o B
may be obtained by neglecting the perlodic cosine functions and dlvid-—
ing equation (3) by equation (4). This ylelds:

+J 1
I.‘PN Py

3 1 (5)
Tgy * Jpp 1

I51-

The terms I s J s I, , and J are obtalned by substitutlon
PN PN By By
of the root Ay =a + bi Iin the Heavislde expansion theorem. Thus,

|£ (Na)l
IICPN“LJ‘PNi =[ g 7' (xa)[]cpN (6)
and . .
- | £ (%)) |
IIBN + JBN 1‘ [ I oF ()] :IﬁN (7)

where f represents the appropriate minor determinant and F' the
derivetive of the major determinant. Since the denominators of equa—
tions (6) and (7) are identical, equation (5) mey be written:

H g‘ﬁ_’_&v_ | (8)
I£(2g) 1By .
The expression |f (h,s)lq)N 1is evaluated by expending the determinant

obtained by replacing the ¢ columm in the squations of motion by the
column O, 1, O and substituting Ma. Similar operation on the B columm
yields [T ()Ls)[B . TFor the equations of motion used in the present



lnvestigation, the following expression resulta:

() 03, (ow- Jog) - Fogtans] ~on-Tory) (i -1851.2)

v 7 l& 1 v 2P LY
(“ é“rp”' gCI)@PszD%%-EG zrD>— 2 —50 1, /D~y Opben 7] (E“KI 5h° IPD)
(9)

i
B

where Mg 1s aubstituted far D.

Exeminetlion and eliminmation of mmerleslly insignifiocant terms from the sbove equation
gave the followlng expression, accurate to within +6 Percent for the cases considersd herein:

. [eu Kpy b (392 Ga, ]+ (-lm Kpza'b® o+ 3 %Clrbl) 3
Ll 0.93 (10
I ﬂl (2u szb:t) . (—lHJ. e 4 % %Clp )1 )

1

where a' and b' are the real and imeginary parts, respectively, of M.

20HOSY WM VOuM

€T
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TABIE I.— MASS AND AFRODYNAMIC DATA OF THE AIRPIANE USED IN CALCULATION
CF TIME HISTORTES

[ W = 20,800 pounds; S = 166.52 square feet; b = 22.69 feet ]

CONDITICN I II 1T Iv v VI VIT VIIr
M 0.30 0.85 1.10 0.60 0.85 1.10 2.00 2.00
Altitude 0 0| 20,000( 35,000{ 35,000 35,000 | 35,000] 50,000
7 0 o o] 0 0 o] o] o]
Cy, .92 Jl7 152 997 J97 297 .090 184
71.894| 71.8941134.936|232.288]232.288 [232.288 | 232.288|473.585
o3 15.31 1.54) 1.81 14.85 6.55 3.54 2.07 k.23
'ﬂ 12636 Eli‘rl —1514 ...:!.590 3560 0559 _Oi% 1528
sz .01981{ .01158; .o1154} .01924] .01219| .01149 | .01151| .0115%
K, 185191 .193hk2| .19346] 185761 .19281} .19351 | .193hko| .ig3lh
o .03807 |—.00448 |—. 00362 | .03679} .01141}| .00191 |—.00280] .00LkOT
clp —-.268{ —.371] —.428} —-.288] -.313] -.k03 —.297] -.286
Clr .12 .216 -339 .225 256 .328 161 Ll
Cnp —1.000{ =1.075| —1.840} —1.045} —1.150| —1.933 | —1.020| —1.070
GD_P —.0k2 .181 .356| —.ok6 .110 .357 C17h J17h
est
Cn. —.211}{ -—.003 .0k0o]| —.225| —.090 .018 .020 .011
Drov
cy‘3 —.726} —.761|{ ~1.078| -.750] —.800}-1.133 —.690| -—.T10
cn‘3 280771 .31515| 66468} .30369f .35526 ] 72198 | .26931| .29223
CzB (F=c°) —e13179{—. 12606 |-.18336 [—-.13752[~. 13752 }-. 17190 | —. 09741 |—. 08595
CZB ( Fes0) —.08137 }—.05931 |-.10k29 }-.08137|—. 07077 }-.09283 |—.05587 |—.Ollth1
CYP=GY1‘ 0 0 o] 0 0 0 o] o]
Cnsr —.00339 |—. 00388 - - - - [-.00116 -
Czar .00011} .00112 - - - —| .00030 -
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TABLE IT.— IATERAY, OSCILIATION CHARACTERISTICS
OF THE AIRPIARE

cnp:rev
Condition r=0° I =-5°
REAC Calculated REAC Calculated
Pl lgl P | Ty ISHl 2 | o2 l%l P | T2 l%’l
I 2.45(1.4h 3. 42 (2. 45] L. 46 [3.34 |2.70]1. 47 |2.99}2.69|1.43 |[2.97
II 1.h45(2.68 k. 4L 1. 460 2. 75 (k.63 jL. 4L |l.7hj2.02] 1. 481, 78]2.12
ITI — - 1.18}2.73 |4.25] - - |- [1.17]e.18(2.27
Iv - - ~ |2.40]2.97]3.36} ~ - — }2.67}]3.0k}2.96
v - - - |2.29(3.67{4.96] — - - |2.46|3.75]3.30
VI - - -~ |1.46{2.2713.79] — - — |1l.k7j2.22|2.16
VII 1.4013.70}(5.38{1.38[{3.59|5.59]|1.38|2.813.01]1.36(2.87{3.05
VIII - - - j1.7513.75 k. 6h]| — - - |l.79]k.02])2.66
Cnpest
Conditlon r=o r =-5°
REAC Calculated REAC Calculated
Pl Ig e T igtye (] ] B
I 2.40131.28{3.38]|2,46]1.31{3.35[2.77}1.40]|2.93]|2.74]|1.38{3.00
IT 1.5511.5215.28]1.55/1.50[5.1811.50{1.45]2.20]1.48]1.k7]2.1}
III l.22§1.11(k.42]1.138]1.05}4.30|1.19]1.24]2.28]1.15}1.18]2.21
v 2.50]2.32|3.5712.41]2.27(3.38]|2.78|2.45]3.20|2.69{2.38|2.98
v 2.36|2.42{5.30{2.33]2.37]5.09[2.61]2.60}3.25]2.49{2.76]13.33
VI 1.53]1.50|%.13]|1.48] 1.48}3.91}1.54}1.76|2.32}1.49]1.73|2.20
VII 1.42}11.84{5.86|1.k2] 1.8115.94§1.39]1.98{3.14]1.37|1.90|3.09
VIII 1.83|2.52{%.86)1.76|2.54 [%.71]1.85]|3.20]2.50}1.80|3.08|2.69
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Figure I.- Three-view skelch of the airplane.
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Figure 2.— Stability system of axes and angular relationships
in flight. Arrows indicate positive direction of angles.
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(a) Condition I, M = 0.30 at sea level.

Figure 3.- Lateral motion due to an applied yawing moment rectangular

pulse.
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(b) Condition II, M =0.85 at sea level.

Figure 3.- Continued.
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(c) Condition XII, M= 2.0 at 35000 fssl.
Figure 3.— Concluded .
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(b) Condition II, M =0.85 at sea level.

Figure 4.- Latsral motion due fo an applied step rolling momeni; I'=0°,
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(b) Condition I, M = 0.85 at sea level.

Figure 5.~ Laleral motion dus to an applied step yawing moment: I'=0°.
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(c) Condition YII, M = 20 at 35000 feel.

Figure 5.- Concluded .
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(a) Condifion I, M=0.30 at sea level.

Figure 6.- Lateral motion due to a /° step left rudder deflection.
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Figure 6.-Continued.

(b) Condition I, M =0.85 at sea levél.
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(c) Condition ¥II, M = 2.0 at 35000 feel.

Figure 6.- Concluded .
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(a) Condition I, M =0.30 at sea level.

Flgure 7.- Lateral motion due fo 1° initial sideslip.
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(b) Conditlon I, M = 0.85 at sea level.

Figure 7.- Conltinued .
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(c) Condition XIL, M=Z20 at 35000 feet.

Figure 7.— Concluded .
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Figure 8.- Period - damping relationship of the airp/ane with O°
and -5° geomelric dihedral.
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