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A STUDY OF THE EFFECTS OF RADII OF GYRATION AND ALTITUDE

ON AILERON EFFECTIVENESS AT HIGH SPEED

By Leo ¥. Fehlner
INTRODUGTION

Because the time to bank combat alrcraft hes become

increasingly important and because informatlion on the
varlation in the time to bank with altitude and with

welght dietribution along the winga 18 not avallable,

the

present theoretlcal investigation was made to determine
tne magnitude of theae effects. The variation in the
necessary alleror control and in the time required to
bank to 45° and $0° with altitude and radiil of gyration
for a typlcal fighter or a pursult alrplane have bsen
computed and are prerented herein,

SYHBOLS

true alrespeed, miles per hour

indicated alrspeed, miles per hour (correct reading
of alrspeed 1indicator callibrated to read true alr-
speed at zero altitude)

Mach number

longitudinal flight-path angle, degrees

ratio of radius of gyration about the X axis to sespan

ratlo of radiuse of gyration about the 2 axls to span

time, seconds

rolling-moment ciefficlent, L

aS,b

rolling moment, foot pounds



q dynamic pressure, pounds per square foot
-qo impact pressure, pounds per square foot
5 wing area, square feezt

b span, feet '
AIRPLAXKE CEARACTERISTICS AND METHOD

The total welght of the airplane consldered in the
computatlons iz 9300 pounds; wing lcading, 35 pounde per
square foot; aspmect ratlo, 6; and svman, 40 feet. The
aerody namic ~haracterlstics were chosen to be representa-
tive ¢f pur:-uit or fightar aircraft in high-speeod fligkt
Juetv below the critical speed.

The altltude vas varied from 0 to 50,000 feet under
standerd conditlons., The ratio of the radius of gyration
ebout the X axis to the wing s»man was varled from 0,08 to
C.16 and the retio of the radius of gyraticn about the Z
axip to the wing sran was variod from 0.14 to 0.22. Thie
range of radlil-of-gyraetion ratios covers the ccomplete
rangse ¢f all the values kXnown for 42 exlating conventlon-
el purzauli and fighter aircraft. The motlons of the alr-
rlane were studled in vertical dive, high-speed glide,
level flight, and clinot attitudes at constant Mach num-
ber, constant trve airsreed, and constsnt indicated alr-
sreed.

The lateral rmotlons wers corvuted for the cases
glven 1in table I.

The imract pressure for the various conditiona of
flight are glven in teble II,

The lateral motionse of the airrlane were determinred
ty solving thes differential eauatione of metion in a
ranner sixmllar to that used in reference 1. In the pres-~
ent report the mllerons were ngssumed to be deflected in
such a way as to increase uniformly the roiling-roment
coeffilclent apolled to the alrmlane during tue firet one-
tenth second and to hold i1t constant thereafter.
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RESULTS AND DISCUSSION

The results are presented in figures 1 to 3.

Tigure 1 includes three types of variation with alti-
tude: one variation at congtant true alrspeed, another at
constant Mach number, and a third at constant 1lndicated
airspeed. Cases for constant true alrspeed and constant
Mach number are chosen to be identical at 30,000 feet and
cageg for constant indicated airspeed and constant Mach
number are chosen to be 1dentical at 50,000 feet.

Yigure 1(a) shows the variation with altitude of the
rolling-morent coeaffilcient that must be aprlied by alle-
rons to perform two banking maneuvers; namely, the attaln-
ment of an angle of bank of 45° at the end of the first
half second and 90° at the end of the first second.

Figure 1(b) shows the variation with altitude of the
time to bank to 45° and 90°, The rolling-moment coef-
filclents appllied at all altitudes are those that produce
an angle of bank of 45° gt the end of the first half
second and of £0° at the end of the first second at zero
altitude.

The rolling-moment coefficient necessarr to bank to
45° in one-half second is greater than that necessary to
bank to 90° in 1 second. This difference in reauired
rnlling-moment coefflcient ir due to the fact that the
alrplane accelerates in roll during all or a large part
of the time 1ntervals congidered. The moment of lnertia
in roll therefore has an lmportant 1nfluence on very short
rolling maneuvers, The rolling-moment coefficient re-
quired to bank to any other angle in the same tlime 18
dlrectly proportional to the angle: that 1s, to bank to
46° 1in 1 second requires half the rolling-moment coef-
ficlent necessary to bank to 90° in 1 second.

The decrease in reouired rolling-moment coefficilent
shown for increasing altitude with indicated airspeed con-
stant ls caused by the large incresse in true alrspeed
that 13 required to maintain a given indicated alrspeed.
(See table I.) The rolling-moment coefficient necessary
to bank the airplane in a given time 1s not a function of
veloclty alone, however, as is shown by the varlation of
rolling-moment coefficlent with gltitude when true alr-
speed 1s comnstant (fig. 1).




At a Mach number of 0,76 and also at a true alirspeed
of 530 miles per hour, a greater rolling-moment coeffi-
clent 1s required to bank the airplane to 90° in 1 second
at high altitudes than at low altitudes. At a Mach number
of 0,756 the increase in rolling-moment coefficlent re-
quired in changing from 20,000 to 40,000 feet is about 40
percent for the alrwlane considered.

If the hinge moment is assumed to be proportional to
the rolling moment, a relative hinge moment may be com-
puted by multiplying the rolling-moment coefficients of
figure 1 by the corresponding impact pressures presented
in table II. These relative hinge moments are presented
in figure 2 in a manner similar to that used for the roll-
ing-moment coefficlents of figure 1.

The factor of proportionality between the rollirg
moment and the hinge moment depends on the aerodynamic
charecteristica of the particular airplane. The variation
of stick force with hinge moment varies with linkage and
booeter systems. The comnutation of the variation of
stick force with altitude from the hirge-~moment varlation
requires a knowledge of the varlation in stick force with
hinge moment for a varticular case.

The hirnge moments apwlied in figure 2(b) are those
that produce an angle of ban% of 459 at the end cf the
first half second and 90° at the end of the first second
at zero altitude.

The hinge moment recessarvy to bank to 45° and 909 in
the stated time iIntervals ir greatly decreased Py in-
creases in altitude. For the 90° maneuver at a Mach num-
ber of 0.75 the hinge moment 1s 44 percent lees at 40,000
feet than at 20,000 feet.

The time to bank to 90° and 459 greatly decreases as
altitude increases 1f the hinge roment 1s held constant
at all altitudes. The decrease¢ in the time to bank to
S0° 1g 30 percent for a change in altitude from 20,000 to
40,000 feet.

Although figure 2(b) does show the varlation of the
time to bank to gilven angles with altitude for varlous
constant hinge moments, the corresponding rolling-moment
coefficients reouired at high altltude exceed those o0b-
talnable with present designs. The decrease in the time
to bank to a glven angle as shown in figure 2(b) 1s there-
fore limited by the maximum rolling-moment coefficlent
avallable.



From flgures 1 and 2, it 18 concluded that if the
strength of the pllot limits the aileron deflection, as

"is 'dsually the cade for present high-epeed airplanes, the

alleron effectiveness lncrepcases with altitude. At a
glven limiting Mach number, the increase in effectiveness
results largely from the larger deflections produced by a
glven force appllied to the stick and the increase 1n ef-
fectiveness will continue only to the altitude at which
the maximum design deflection of the alleron i1s reached,
Above this altitude the aileron effectiveness wlill de-
crease. The aileron system, therefore, should be de-
slgned for rolling-moment reguirements at high altitude
and the hinge-moment limitations at low altitude.

Figure 3 includes variations of the radiues of gyra-
tlon about the X axis of the airplane in a glide and in
level flight at 530 mliles per hour and at an altitude of
20,000 feet. The radii of gyration of alrplanes of widely
different classifications fall within the range of radii
of gyration coneidered. These clasgsificatlons include all
conventional single- and twin-engine pursuit and fighter
airplanes with wide variations in weight distridbution
along the wings.

Figure 3(a) shows the variation with the radius of
gyration about the X axis of the rolling~moment coeffl-
clent necessary to attain an angle of banxk of 46° at the
end of the first half secord and of 50° at the end of the
first second.

Figure 3(b) shows the variation of the time to bank
to 45° and 90° with the radius of gvration about the X
axis., The rolling-moment coefficients applied for all
values of the radlus of gyration are those that produce
an angle of bank of 46° at the end of the first half
second and of 90° at the end of the first second with the
ratio of radius of gyration about the X axis to the span
equal to 0,08,

The effect of changes ir the radius of gyration 1in
roll on the rolling-moment coefficient necessary to bank
to 909 in 1 second is large because of the large percent-
age of the mansuver spent in accelerating the airplane in
roll. The rolling-moment recuirements are increased
about 28 percent by increasing the radius of gyration
about the X axis from 0.08 to 0,16.



The effect on the banking maneuvers congidered of
varlations in the radius of gyration about the Z axls are
negligibvle.

The longitudinal flight path was varied from a ver-
tical dive to A 13,9° climb at 6530 miles per hour and at
20,000 feet. The effects on the bankling maneuver of var-
lations 1n longitudinal flight path angle are negliglble
in the range 1lnvestlgated.

For all the assumed conditions of flight, the angle
of sideslip reaulting from a rolling-moment cocefficlent
of 0.05 deviates in an osclllatory manner during tha first
2 gseconds and does not exceed an angle of the order of 2°,

Langley Memorinl ieroanutical Laboratory,
Netiunal .idvisory Committee for Aeronautics,
Langley Field, Va,
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CASES ¥OR WHICHE LATERAL MOTIONS WERE COMPUTED,

TABLE I

OB.BB M v 71 Altitude Y K K c
(mph) | (mph)| (£t) |(deg)! % z L
1 |0.760| 570 | 670 0 |-80.7 |0.126|0.176 |0.036
2| .760| 530 | 400 | 20,000 |-13.9| .125| .176| .088
3| .750| 496 | 268 | 40,000 | -6.1) .126| .175| .224
4| .760| 496 | 204 | 50,000 | -4.4| .126| .175| .365
B| .696| 530 | 520 o |-27.0| .1256} .175| .04z
6| .s00| 530 | 278 | 40,000 | -6.7| .125{ .175| .198
7 | .80G| 530 | 220 | 50,000 | -4.8| .125| .175| .320
8 | .269| 20¢ | 204 | o| -4.7| .125| .175| .325
9 | .354| 278 | 204 | 20,000 | -a.7| .125| .175| .328
10 | .s02| 4v0 | 204 | 40,000 | -4.5| .125| .175| .350
11 | .750| s30 | 400 | 20,000 |-13.9| .0s0| .140| .088
12 | .7s50| 530 | 400 | 20,000 |-13.9! .080| .220| .088
13 | .780! 530 | 400 { 20,000 |-13.9; .160] .220| .088
14 | .750| 530 | 400 | 20,C00 0 | .125| .175| .091
15 | .750| 530 | 400 | 20,000 0 .080| .140| .o091
16 | .750| 530 | 400 | 20,000 0 .080| .220} .091
17 | .750] 530 | 400 | 20,000 0 .160| .2z0] .og1
18 | .750| 530 | 400 | 20,000 | 13.9| .125| .175| .088
19 | .750| 530 | 400 | 20,000 |-90.0| .125| .175|0
TABLE II
VARIATION OF IMPACT PRESSURE WITH ALTITUDE
Altitude 1c
(£t )
¥ = 0.750|V = 560 mph|Vy = 204 mph

0 950.0 805.3 109.1

20,000 436.5 436.5 109,1

40,000 176.0 203.9 109.1

50,000 109.1 126.5 109.1
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Pigure 1.- The variation of rolling-moment cosfficient and tims to bank to 452 and 90° with altitude.

JE



G
~ e N ?:a

Relative hinge moment

o

VIVN

(a) The ,:ohun hings moment necessary to bank (b) ™e time to bank to 435° and 90°.

at the end of the first half second
lnd at the end of the first second.

Figure 2.~ The variation of relative hings moment and time to bank to 45° and 900 with altitude.
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Figure 3.- The variation of the rolling-moment coefficlent and the time to bank to 45° and 90° with the redius of

gyration about the X axis.

{b) The time to bank to }5° and 90°.

VIVN

¢ b4



. & e ST | SR

RIEIFOAG (1912 47) INT= 7751
Fahlner, Leo F, |PIVISION: Aerodynamica (2) [ORIG. AGENCY NUMBERZ
| SECTION: Controls surfaces (3)
CROSS REFERENCES: Control surfaces - Aerodynamics RB-3D26
(25600); Ailarona - Aercdynamics o
1): Airplanea - Parformance (08478.6)

AMER. TITLE: 4 atudy of the effects of radii of gyration and altitude on aileron effective-

FORG'N. TITLE: neas at high spead

OMGINATING AGENCY: National Advisory Committea for Aeronautics, Washington, D. C.
TRANSLATION;
COUNIR LANGUAGE [FORG'N.CLA U. SCLASS. | DAIE |PAGES| ILLUS. FEATURES
U. S.. I Eng. | Unclass. |} Apri43] 10 5 tables, graphs
ABRSTRACY .
Effacts of variations in altitude and weight distribution along wings in tima to bark
are invastigatad thaoretically to improva combat aircraft performanca. Variation in the
necessary aileron control and the time required to bank to 45° and 90° with altitude and

radii of gyration for a typical fighter or a pursuit airplane hava bean computed and are
recordad,

NOTE: Requests for copiaa of thia report must ba addressad to: N.A.C.A., Washington,
D. C.

T-2, HQ., Al MATERIEL COMMAND Zylﬂ V:cumcm. DNDEX WRIGHT FIELD, OHIO, USAAF
. WHO-N £AR @ T4

3




