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EFFECTS OF CHANGES IN AILERON RIGGING ON THE STICK FORCES
OF A HICH-SPEED FIGHTER AIRPLANE
By Harry E. Murray and S. Anne Warren

SUMMARY

The effects of changes in alleron rigging between
20 up end 2° down on the stick forces were determined
from wind-tunnel data for a finite-span wing model. These
effects were investigeted for allerons deflecting equally
in both directions and linearly with stick deflectlon.
Data were analyzed for a Frise, a sealed lnternally
balanced, and a beveled-tralling-edge alleron. The
results of the analysis showed that only allerons having
linear hinge-moment characteristics are unaffected by
changes in rigging and indlcated that allerons having
decldedly nonlinear hinge-moment-coefficlilont curves,
particularly for deflections near O°, ere very sensltive
to changes in rigging.

INTRODUCTION

For certaln types of aileron, changes 1n rigging
are known to have a pronounced effect on the stick-force
characterlistics. 1In order to investigate the effect of
changes 1n rigging on stick-force characteristics, data
have been analyzed for three types of balanced alleron =-
Frise, internally balanced, and beveled tralling edge.
These aillerons were tested on a rigid, finite-span wing
model and the data are directly comparable since the
same test setup was used for the three allerons,

The stick-force characteristics were estimated for

the allerons lnstalled on a high-speed fighter airplane
having the following characteristicas
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Wing loading, pounds per square foot ecceccssccassecea 40
Span’ feet e ® 09 00 OO0 DO U OSSOSO OO S 0O S P SOSE0HNE 00 S SDSEN QS DN DS 40
Aspect ratio l..lll........;....lll;l.lll.l....-Ill. 7.3
TADOT TALL0 ceceessesoascnnssssccseassssssssansscns 0o42
Alleron root-mean-square chord, feet eccceceececeass 1563
Alleron span, feet ..ieecvecsctcceccrsensccessanecass 9.4
Alleron chord, percent wing chord csceccscccesessccss 20
Slope of sectlon 1lift curve, per Aegree ..cccceess 0.103
Maximum alleron deflection, degrees .eeseecscacscsss 12
Maximum stlck deflectlon, Qegreo8 .cesesceccsscsesss 122
StiCk lensth’ feet ® 0 0 00 e 098 PPOPOOR OSSOSO BEOOETPOPESS 2.00

The alleron was located betwesan 50.9 and 98.0 percent of
the semlispan. It should be emphasized that only the effect
of changes in rigging 1s consldered and that other factors

may have lmportant effects on the stick-force charac-
teristics of any of the allerons lnvestigated.

SYMBOLS AND PARAMETERS

Fg stick force, pounds

pb/2V helix angle of airplane in roll, radian

\'s1 indicated alrspeed, miles per hour

6 alleron deflectlon, degrees

Chn alleron hinge-moment coefficlent <?::%;:i)

qcg~b

Cz' rolling-momgét coefficlent; referred to wind
axes | 35S

c wing chord at any sparnwlse station

Cg alleron chord measured along airfoll chord line

g  root-mean-square chord of alleron

a angle of attack, degrees

cL 117t coefficlent (E%)

/.4 tralling-edge angle, degrees
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H hinge moment

qQ dynamic pressure

L 11frt '

S area of wing, square feet
) wing span

by aileroﬁ span

RESULTS AND DISCUSSION

The effect of angle of rig on the position of the
allerons relative to the wing with stick neutral 1is shown
in figure 1. The investigation of the effect of changes
In rigging on stick force is based on the hinge-moment-
coeffleclent curves shown in figzures 2, &, and 4, which
are taken from figures A23(b), €58, and D33, respectively,
of reference l. Because reference 1l glves hinge-moment
characterlistics for the lnternally balanced alleron at
only one angle of attack (a = 1.00°), curves for other
angles of attack were estimated by avplylng values
(obtained from reference 2) for the change in hinge-
momant coefficlent with angle of attack. Stick-force
characteristics were then estlmated by the method
described in reference 3 and the results plotted in
figures 5 to 7. )

The stick force of the Frilse alleron tested is very
sensitlve to changes in rigging, as shown in figure 5.
Thils alleron can, betwéen an angle of uprig of 2° and an
angle of downrig of 2°, be either light or very heavy.

It appears that, in general, within a range of angle
of rig of 4°, Frise ailerons may be heavy, light, or even
overbalanced.

) The sealed internally balanced ailsron is insensi-
. tive to changes in rigging (fig. 6), except at large
hellx angles corresponding to the nonligear part of the
v

hinge-moment-coefficient curve. At g— = 0.10, for

example, the stick-force varles about 10 pounds for a
range of angle of rig of 4°.
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For beveled-trailing-edge allerons, variation of
stick force with angle of rig (fig. 7) is small compared
with the variation for PFrise allerons. A 5S5-pound varl-

atlion does result, however, at EV = 0,01 and overbalance

might occur on an alrplane having simlilar but more closely
balanced allerons.

A comparison of the results in filgures 5 to 7 with
the basic hinge-moment-coefflcient curves of flgures 2
to 4. 1ndlcates that only allerons having linear hinge-
moment characterilstics are unaffected by changes 1n
rigging and that allerons having decldedly nonlinear
hinge~-moment-coeffliclient curves, particularly for
deflections near 0°, are very sensitive to changes in
rigging. Only allerons deflecting equally 1n both
dilrections and linearly with stlck deflectlion are con-
sldered herein. Informatlon on effects of changes in
rigging with a differential linkage 1s given 1n refer-
ences 4 and 5.

When an alleron which is sensltive to changes 1in
rigging 1s used, 1t should be remembered that changes
in angle of rig as high as 4° have been reported in
flight as a result of elastic dsformatlion 1n the wlng,
alleron, or control system. Such deformatlons usually
uprig the allerons because allerons generally tend to
float upward, particularly under the conditions of heavy
loading that occur during pull-outs. Frise allerons,
which become light when uprigged, may therefore over=-
balance. Temperature changes may also affect the angle
of rig 1f push rods having coefficients of thermal
expansion different from that of the wing structure are
used. These varlatlons from deslign rigging that occur
in flight may cause marked varlations from the design
stick-force characterlstics when an alleron sensitive
to changes in rigging 1s used. :

CONCLUSIONS

An analysis of the effects of changes in alleron
rigging on the stick-force characteristics of a high-
speed flghter airplane with allerons having three types
of balance 1lndlcated the followlng concluslons:
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1. The Frise alleron was very sensitive to changes
in rigging, the beveled-tralling-edge alleron was rela-
tivély Insensitlve, and the -sealed Internally balanced
alleron was Ilnsensitive except at large helix angles corre-
sponding to the nonllinear part of the hinge-moment-
coefficlent curve.

2, Only allerons having decldedly nonlinear hinge-
moment-coefficlent curves, particularly at alleron deflec-
tions near 00, were sensltive to changes in rigging.

3. Varlatlons from deslign rigging that occur in
flight as a result of elastic deformation or possibly
from temperature effects in the structure may cause a
marked varlation from the design stick-force characteris-
tics when an aileron sensltive to changes In rigging 1s
used,

Langley Memorlal Aeronautical Laboratory,
Natlonal Advisory Commlittee for Aeronautics,
Langley Fleld, Va.
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