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NATIONAL ADVISCRY COMMITTEE FOR AFRONAUTICS

TECHNICAL NOTE NO. 1085

FLIGHT TESTS OF EXPERIMENTAL BEVELED-TRAII.ING-EDGE
FRISE AILERONS ON A PFPIGHTER AIRPLANE

By R. Fsbian Goranson
SUMMARY - -

Flight measurements have been made to determine the
charscteristics of a psir of experimental ailerons
deslgned to provide a close degree of balance and ta_ o
maintain a linear variation of aileron effectiveness with
alleron sngle through a large deflectlon _rangs. The‘
ailerons, which were tested on a production fighter air-
nlane, incorporated an upswept Frise nose and a beveled _ . _ .
tralling edge. These silerons were designed for agplica—
tion to an erperimental fighter sirplane, which was to_ o

employ wings similar to those of the test airplane as .

outer panels added to a rectangular center section. o
Individual gileron hinge moments, alleron rolling effec-
tivensss pb/2V, and stick- force characteristics were
measured in abrupt ailleron rolls over an equivalent-

airspeed range from anproximate1y 109 to 276 miles per

hour.

The results of the tests indicsted that the variation
of rolling mcment with aileron deflection was linear for

a deflection range from -Zhl to 22°. A deflection range

of 12);° would give a value of pb/2V of 0.137 for the

test sirplane, or 0.09E for the experimental fighter air-
plane. With a rigid control system, =2 range of alleron

deflection of 121,% cculd be reached with a 32-vound stick
force at 2C2 miles per hour. Data are presented that Lo

show the critical Ilmportance:rof the effects of control- ) )
system elasticlty 1n determining the stick forces. The . L
calculations Indicated that overbtalance encountered on '

the test alrplane was due to control-system stretch and

that, with the contrecl system of ths experimental fighter
airplane, the aileron stick forces would be unsatisfactory

at a speed of 3C0 miles per hour or more. The data pre- .
sented also show that exceptional care must be exercised - -
in the construction of closely balanced Frise allerons
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because small protuherances on the leading edge of the
balance may cause overbalance or premature stalling of
the balance on the up-deflected allerocn. Calculations
were also made to show the incresse in aileron effec-
tiveness avallable if the alleron span werse extended.

INTRODUCTION

A palr of Frise allerons was designed by the
Langley Memorial Aeronautical Laboratory of the NACA
to provide a close degree of balance and to maintailn
a linear varlatlion of alleron effectlveness with alleron
angle through a large deflection range. These allerons
were Intended for application to an experimental fighter
alrplene. The winge of thls experimental airplane
consist of a 12,5-foot-span rectangulsr center section
with the wings of an existing production fighter alr-
prlane as the outer panels. Flight tests of these allerons
were conducted on the production airplane . A sketch
showing the wilng plan. form of the ezperlimentel fighter
airplane as compared with the wing plan form of the test
airplane is shown as figure 1 and detell cimensions of
the test=alrplane wing are shown in figure 2, It was
estimated that thls increase in wing span of the experi-
mental ailrplane would decrease the alleron effectlveness
pb/2V to 71 pvercent of that available with the tsst
alrplane.

An attempt was first made to_increase the rolling
effectiveness of the allerons without modifying the outer
wing panel or the aileron support bracket so as to have
e value of pb/2V of 0.07 on the experimental fighter
alrplane with a 50-pound stick force at 292 miles per
hour. Modificetions to the wing were allowed later,
however, and calculatlions were made to show the effects
of replacing the rounded wing tip by a2 square tip and
of extending the slleron outboard spproximately 18 inches
wilthout incresasing the wing span,

Consideration of methods available to improve the
aileron rolling effectiveness without modifying the outer
wihg panel indicated that the most expedient means was
to increase the alleron-deflection range from the range
of -=18° to 10°, used on the test fighter airplsne, to
a range of approximately *25°, the deflection required
to obtain the desired effectiveness when a linear

2
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variation of pb/2V with alleron angle is assumed
throughout the deflection range. Increasirg the deflec-
tion range, hcwever, was not merely a mechanical problem
because the existing Frise aileron was effectlve to an

up deflecticn of 18° cnly, at which deflection the
balance stalled., PFurthsesrmcre, the incresse in maximum
spaed at which full deflectlion was required on the
experimental fighter airplane, together with the dscrease
in stick-to-alleron mechanical advantage, would cause i
forces at full deflection to exceed the specified stick-~
force 1limits by 300 to L 00 percent if the existing allerons
were used.

In an attempt to obtain satisfactory control forces
and 8 linear varisticn of effectiveness for a deflectlion
range of +25°, the original Frise aileron was modified
to incovporate an upswept balance with nose cf relatively
large 1sadiug-edge racdius and to have a traillng edge
bevel of 25C. The results of flight tests ¢f these -
allsrcns tcgether with calculated effects of control-
system streich and extended alleron span are preseﬁted
hereln.

SYMBOLS _ o=
pb/2V helix angle deséribed by wing tip during roll,
radians
rolling sngular velocity, radians per second

wing span, feet

v trus alrspeed, feet per second
Cn aileron hinge-moment coefficient <H/qsaﬁé)
H aileron hinge moment (positive moment tends to

rotate trailing edgs downward), nound-feet
o dynamic pressure %pvz
mass density of air
Sq alleron area back of hinge line, square feeﬁ

Cg local alleron chord

3
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root-mean~-square chord of alleron area back of

a
- -~ °  hinge 1line, feet ‘
v 1 29
e equlvalent airspeed oo
0
o standard sea-level mass denslty of air
Cy rate of change of alleron hinge-moment coeffl-

a cient with angle of attack at constant—
ailleron angle

Cx rate of change of aileron hinge-moment coeffi-
8 clent with aileron angle at constant angle
of attack
8g alleron angle with respect to wing chord line,
poslitive when tralling edge ls down, degrees
Gaup alleron angle of up-deflected alleron
Bg ' salleron angle of down-deflected sileron
down
Fup stick force required by up-deflected alleron
Fdown stick force reguired by down-deflected alleron

ATRPLANE AND INSTRUMENTATION

Description of Alrplane

The test sirplane was flown at an average gross
welght of 7870 pounds with the center of gravity at
approximately 2% percent mean aercdynamic chord when
the wheels were retracted. Two photographs of the test
eirplane equipped with its originsl sallerons are shown
as figure 3, A sectlon view showing the experlmental
alleron-wing profile is presented as figure li, and the
exnerimental alleron contours are shown in figure 5.
These experlimental ailerons were cf all-metal construc-
tion and were bullt by the manufacturer of the erxperi-
mental fighter ailrplane according tc contours recommended
by the staff of the Langley Laboratory. Detall speci-
fications for the recommended contours are gilven in
figure 5(a2). The salleron contours shown in figure 5(b)
were obtalned by means of plaster casts and therefore
Include loecal surface details; however, the larger

n
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deviations from the design contour, such as those at the
leading-edge lower surface end at the trailing edge, were
apparent throughout the alleron span. For the contour at
the center hinge the deslign layout was measured parallel

to the alrplane thrust axis, whereas &ll the other ailleron
contours were laid out and measured perpendlicular to the
hinge line. Both ailerons were equipped with trimming tabs
that were adjustable only on the ground. The chordwise

and spanwise gaps between the tabs and allerons were

sealed by doped fabric. Except for a few preliminary tests, .
the aileron-nose gap was sealed by flexible aircraft :
fabric secured to the wing by a metal sitrlp and-. sheet-
metal screws and cemented to the lower surface of the o
slleron., The method of installing this seal is illustrated
in figure 6, and two photographs of the seal instaslla-

tion are shown as figure 7. For the first serles of tests,
referred to as the "small-deflection tests," this seal

was made partly sairtight by one coat of dope, but in

later tests the seal was made more nearly alrtight by an
application of rubber cement. Pertinent dimensions of

the test airplane and experimental allerons are as

follows: '

Wing area, square feet . ¢ ¢ « ¢ o & ¢ o« o s e 4 e @ - 236
Wing span, feet . & v ¢ ¢ ¢ ¢ e o o o o o s o« o« o« » 373
'f.’ing aSpeCt ratio e e s e o 8 ® ® « s e o 8 8 & . _0_5n95
Wing taper ratio « o ¢ ¢ ¢ o o ¢ o o s o o o o o o s 2232
Alleron ares back of hinge line, square feet .

(per 811eTOomn) « v v & « « o o o o o o « « o & o« « 704
Aileron-balance &rea, square feet

(Per 811eron) & v o ¢ v ¢ ¢ o o =« o o o o &« . . 1.8

Root-mean~-square chord of area back ,

of hinge 1ine, feet « . ¢« ¢« ¢« o ¢ ¢ o ¢ ¢« « ¢« « « 1.0%
Control-stick length, fe€t « ¢« « o ¢ s o o s o« « « o 1.76
Tab area, square £86t . . « « o o « » o o « o o « o« 0.63
Alleron location (inboard end), percent S ——

Wing SemisSpan . « « o « + o « o o o o « o « « » 500
Aileron location (outboard end), percent

wing semispan . « ¢ o« o &+ o e o o o & o « « « o« «91.00

Descriotion of Instrumentation

Instrumentation for the tests included the following
standard NACL recording instruments synchronized by an
NACA chronometric timer: airspeed recorder, roll turn-
meter, alleron-position recorder, three-component accelerom-
eter, stick-force recorder, and recording galvanometer
(alleron hinge-moment recorder). In addition to the

5
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recording Instruments the airplane was equipped with a
sensitive indiceting airspeed meter, an indicating
altimeter, and an indicating free-air thermomster

(resistance-bulb type).

The airspeed recorder and indicator were connected
tto the test-alrplane alrspeed hsad. In order to avoid
posslble detrimental effects on the alleron character-
istics due to the disturbed flow caused by & boom, the
usuel experimental alrspeed installation consisting of
a statlic-pressure tube mounted on a boom ahead of the
wing was not used. The alrspeed instsllation was call-
brated for position error and the thermometer for com-

pressiblllty effects. -

Alleron hinge moments were measured by cable-
tension recorders calibrated in terms of alleron hinge
moments. The cable-tension-recorder unit, shown in a
three-view drawing (fig. 8) and in a photograph (fig. 9),
consisted essentlally of a C-shape. spring unit with
electric strain gages mounted on the stressed shank so
as to measure cable tenslon as a function of strein in
the shank. A sufficlently large number of strailn gages
were mounted on the unit to make possible dlrect measure-
ments of the current changes wlth a recording galvanom-
eter and no intermediate amplifier. The cable-tension
recorders were callbrated in terms of alleron hinge
moments for vaerious alleron angles. The alleron angles
were measured et ths Inboard snd of the alleron and are
therefore independent of stretch.in the aileron control
system. Twlsting of the alleron under load 1s neglected,

however.

TESTS AND .PROCEDURE

A1l flights were made with the landing gear and
flaps retracted at the power requiraed for level. flight
or at rated power for speeds exceeding meximum level-
flight sveed. An average pressure altitude of 10,000 feet
was maintained throughout the tests. Alleron rolling
effectlveness, stlck forces, and hinge-moment character-
istics were measured in abrupt aileron rolls with the
rudder and elevator controls held fixed in the trim
positlion In accordance with standard NACA procedure.
Whenever possible the aileron characteristics st esach
of the test-speeds were measured by repeated flights in

6
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order to provlide an adequate check on the results. The
check calibrations and repeated tests Indicated that the
measurements were within the following limits of accuracy:

Rolling angular velocity, radlans per second . . . 10.03
Alleron angle, degrees . . .« « o« ¢« « o o o o . . +O 2
Alleron hinge moment, pnound-feet « « ¢« o« ¢ « « & & +5
Bquivalent alrspeed, miles per hour . . . . .+ . .

Stick force, pound8 4 ¢« .« . ¢ ¢ & s s s e o s e o ' +1

The accuracy of the alleron hinge moments is based
on a comparlson between measured stick forces and stick
forces calculsted from meesured alleron hinge moments;
consequently the percentage of the serror due to each
alleron is not determined. The scatter in hings-moment
and stick-force date is attributed to the friction in
the control system, which in flight is apparently less
than static friction becsuse of rellef due to continuous
vibration of the sirplane.

Because of interference between the wing snd aileron-
control crank, the ailerons when first fitted were
restricted to a deflection range of approximately Z1L°.
Initial tests were made with thlis deflectlion range bBecause
of a desire to obtesin even a limited amount of data as

soon as possible. Later the alleron structure was c¢hanged
to permit a deflection range of 22° to -2hl Inasmuch

as a large structural change would have been required to
obtaln the projected deflection range of +25°, no further o
modifications were sttempted. . : o

Small-Deflection Tests L

For the small-deflection tests the contrel system
of the test airplane was modified to provide a deflec-
ticn range of spproximately *1L,°. Data were obtailned
for the ailleron operating es _a normal Frise gileron with’
unsealed alleron-nose gap and for the alleron opersting
with the gap closed by a flexible sésl. In the tests
with the aileron-nose gap unsealed, the ailerons were
rigged neutral on the ground with a cable ‘tension of _
90 pounds; but with the aileron-nésé gap sealed the cable
tension was increased to 100 pounds. For the tests In 0
which the aileron-nose gap was sealed, the fabric seal =7
was made partly airtight by the application of one N
coat of ailrplane dope. The trimming tabs were set at

[
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0° deflection with both chordwlse and spanwlse tab gaps
sealed by doped fabric.

Large-Deflection Tests

With the reworked control mechanism the aileron-

deflection range was from 22° to —2h%o with the alr-

plane on the ground without load. Tre sileron-nose

gap -was sealed by fabric impregnated with rubber cement
and the ailerons were rigged neutral on the ground with _
a cable tension of 100 pounds, Fcr these tests the
trimming tabs on both allerons weré deflected decwn-

ward 59, Both chordwlse and spanwise tab gsps were
sealed. '

RESULTS AND DISCUSSICN

Small~Deflectlon Tests

The relationship between alleron angle and stick
deflection 1s shown in figure 10, and the stick forces
due to friction in the aileron control system as measured
on the ground without allercn load are shown in figure 11,
The seal was very flexible and therefore had neglligilble
effect on the friction. The relation between stlck
deflection and aileron deflection was the same for the
small~deflection tests as for the large-deflecticon tests
(1° aileron deflectlon per degree stick travel in the
linear range). The maximum stick deflecticn was there-
fore limited in the smell-deflsctlon tests, as shown in
figure 10.

Dsts from the tests with the aileron-ncse gaps
unsealed at speeds of 148, 198, and 247 miles per hour
are presented in figures 12 to 15, The dets shown 1n
flgure 12 are not entirely satlisfactory in that the
pilot falled to hold the stick fixed during some full-
deflection rolls when the forces exhlbited an over-
balancling tendency. These data are included hereiln,
nevertheless; because thess were the only measurements
of effectiveness made with the alleron-nose gevs
unsealed and are sufficiently sccurate to show the
principal. . characteristics of the ailerons with the geps
unsealed. In the cases In which the ailerons were not

8
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held steady the maximum and minimum values of aileron

angle were plotted and connected by a stralght ilne.

For two left rolls (figs. 12 and 1l), indlcatsd with

question marks, the maxirmm rolling velocity was not

¢learly reached before tiie end of the records and the

accuracy of the data 1s therefore questioned. -

The hinge-nioment coefficients for each of the
allerons with aileron-nose gap unsealfd, as nieasured
during the condition cf steady maximum rolling velocity
attained with any particulsr alleron angle, are pre-
sented in figures 13 and 1llj. The alleron trim angles
(aileron angles in steady flight with wings lsvel)
indicgted in these figures show clearly that the allerons
floated down and that the downward Jeflecticns incrsased
23 the speed was increased. This "effective drocap"
increased the slope of the stick-lforce curves (fig. 12)
through zero and thereby nado the overbalance at high
deflections more appavent. #Another factor contributing
to this undesirgble stick~force gradient and to over-
balance was the unegqusal travel of ths upgoing and daowri-
golng ailerons. In left rolls at 198 miles psr hour, o
for oxemplc, the changes in the aileron angle Trom trim
as shown in figures 13 and 1l are as follows:

Increment of aileron angls
(ceg)

Left alleron Right sileron

""2.0
~5 7
5.2
~7e7
-10.0
"1}.{_01

DO ~1 CNWJLE [

For approximatbtely equal increments of stick deflection
the lilncrements of the downgoing-2ileron angle decrease

as the deflection increases, whercas the 1ncreﬁents of
the upgoing-aileron angle Iincrease. When a2 hinge-moment
curve of the type shown In figures 135 and 1& 1s obtained
with the alleron effectively drooped in the trim position,
the hinge moments at the small stlck deflectlons are

9
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larger than those at the large stick deflectlons and, at
large stick deflections, the overbalancing tendsncy of
the upgolng &ileron._sxceeds the restoring tendency of the
downgoing aileron, If the control system were rigid,
both the undesirable droop and unequal aileron travel
would be eliminated.

The variation of hlnge-moment coefficient with
angle of attack was obtained by calculating angle of
attack with an estimabed 1ift-curve slope of 0.07L ver
degree, The data of figures 13 and 1l for 0° aileron
angle show a Oy of =0,0005 for the left alleron and

of essentially zgfo for the right allsron. For the
right alleron, then, Chb- may be measured directly

from the slope-of the curve and, for the range of t2°,
is =0.0018; however, the variation of hinge rioment with
aileron angle is nonlinear at the higher ailseraon angles
and Ch therefora varies throughout the deflectlion

6!
rangee. 'The comparison in flgure 15 batween aileron
control forces measured at the stick and controel forces
calculated from the measured hinge moments siiows no
consistent deviatlon.

The eaileron stlck force ancd rolling effectiveness
measured over the snall deflection range wlth the
aileron~nosc gaps scaled at speeds of 147, 198, 248,
and 276 miles per hour are présented in Cigure 16. The
extremely small forces at spaeds up to 248 miles par
hour Indlcate the large degree of halance. attained with
these ailerons, Although only three test polnts aro
available for either the left or rizht roll at 27§ nlles
per hour, the points are falred by a dashed lins to
approximate the pllotts orinlon of the stick-force
varistion. The tendency toward an unstable force gradient
2t 198 and 2/8 miles per hour, pdrticularly for left
rolls, and toward overbalanca at 276 mliles per hour 1s
attributabls to the elasticily of the contrel syston.
The trim engles with the alleron~nose gaps sealed,
indicatsd in the hinge-moment-coafficlent curves of
fizures 17 and 18, show an apprsciable decreass in the
tondency of the allerons to droop as the speed was
incroased, as conpsarcd with the tests with the gaps
unsealeds This reduction in droop is due partly to the
lncrocascd cable tension but lsrgely to the 50-percent
reductlon, caused by sealing the ailerons, in hinge
moment at 0° alleron deflsctlion., The seal did not
appreclably &lter tho flcating angle of the ailcron

10
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(angle for zero hinge moment). The effectiveness of
the sealed ailerons was sgpproximately the same as that
of the unsealed aillerons.

In figure 19, stick forces calculated from hinge
moments are again compared with forces measured at the
stick, but this figure is not directly comparable to
figure 15 because the force scales have been expanded
in order to show the distribution of points.

Large-Deflection Tests

Hith the reworked elleron control mechanism, &

o 1© .
deflection range of 22° %o -Zhi was avallable on the

ground without aileron load. The variation of alleron
angle with stick deflection wilthout load is shown in
figure 20 and the stick forces due tc frictlon are
shown in figure 21. :

The stick-force and alleron-effectiveness character-
istics measured over the full deflection range at speeds
of 109, 150, and 202 miles per hour are presented in
figures 22 to 2li and the hinge-moment characteristics,
in figure 25. The stick-force gradient wlth aileron
deflection decreased as the speed was increased in
contrast to the usual increase in stick-force gradlent
with increase in speed. In order to show the cause of
this uvnusual trend, stick forces sttainable with a
control system assumed to be rigid sre shown in figures 22
to 2. These forces with a rigld control system were
calculated for an assumed range of aileron deflection
of *2li° and with the assumption that both allerons had
hinge-moment cheracteristics as measured for the right
aileron. From these calculated resulis it appears that
at 202 miles per hour the stick forces would have no
"tendency to overbalance and a 32-pound stick force
would be regquired for full deflection. Because no tests
were made st speeds higher than 202 miles per hour, the
force required to deflect the allerons on the experi-
mental fighter alrplane at 292 miles per hour cannot be
determined exactly. It was belleved that the stick
forces would not greatly exceed the reguired value of
50 pounds, however. The effect of elasticity of the
control system of the experimental fighter airplane on
the control forces will be discussed in the section on

the effect of stretch on stick forces,

11
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At 202 miles per hour the maximum measured value
of pb/2V for the test airplane was 0.110 (corre-
sponding to 0.078 for the experimental fighter alr-
plane}., With a rigld control system giving a range of
total alleron sngle of 48°, pb/2V could be increased
to 0.137 (corresponding to 0.098 for the experimental
fighter airplane). A further consideration 1s that if
the lower value of pb/2V were acceptable, a conslder-
able reduction in stick forces (from the rigid-system
stick forces) could be attained by the use of a
speclially designed differential aileron linkage. The
low value of pb/2V attasined with the test airplane
was due to the control-system elasticity, because only
160 of down aileron travel was reached with full stick
deflecticon at 202 miles per hour. )

The data of figures 22 and 23 show a decrease of
approximately 6 percent in aileron effectiveness as
glven by the value of pb/2V per degree aileron sngle
when the s»need was decresased from 150 to 109 miles per
hour. This reductlon in effectlveness at low apeeds
is due partly to the effect cof sldeslip, which was
appreclable in these tests because of the low direc-
tional stability of the test alrplene. The sldeslip
angle measured at maximum rolling veloclty (full
glleron deflection) averaged approximately 8° at

10 lo
109 miles per hour, 6§ at 150 miles per hour, snd 23

at 202 miles per hour. Data for the left rolls of

flight 21 (fig. 23) were neglected in falring the

curves because the seal 1In the alleron-nose gap was
Improperly 1lnstalled and therefore affected the aileron
effectiveness adversely. The Improper seal attachment
formed four bumps on the lower leading edge of the
ailleron, esach of which was approximsetely 3 inches long
and 3/32 inch high. The bumps were partly removed before
£flight 22 with the result that thls fllight showed the
increase 1n hinge moment to occur at a hligher up dédeflec-
tion., The very critical effect of small changes in
nose-balance contour on the hinge moments, stick forces,
and alleron effectiveness of a highly balanced Frlse
aileron 1ls shown by the marked change that occurred
between flights 21 and 22 (fig. 23} for the up-deflection
range of the left alleron. : o . - .

At 202 miles per hour (fig. 25} the right alleron
stalled sbruptly at an aileron angle between -23° and -2[;°
with. an accompanying oscillation, which indicated that a

12
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sudden breakdown of flow over the nose balance had .
occurred, ALlthough no hinge-moment data sare avallable,
deflections of more than -21° were recorded for the
left aileron withcut an alleron oscillatlon or decrease
in rolling effectiveness, which indicated that no
breakdown of flow over the leading edge had occurred.
Some roughness was stlll present at the leading edge

of the left aileron during flights 22 and 23 and may
have been sufficient to cauBe the flow over the nose
balance to break down gradually rather than abruptly.
This gradual breakdown caused the smooth but repid
increase in hinge moments indicated at high up deflections
of the left aileron.

For the large-deflection tests the tabs were
deflected downward 5° with the spanwise and chordwlse
gaps gealed by doped fabric. This tab settling was
used to reduce the positive hinge moment at 0° aileron
angle, that is, to reduce the down-floatlng tendency.

A comparison of the hinge-moment curves in figure 25
with the corresponding curves of figures 17 and 18
indicates that the tab was equally effective in changing
the hinge moment at any é&ngle in the aileron-deflection
range. &n inspection of these data alsoc suggests the
possibility of using a 1linked tab thet always moves
upward to reduce the hinge moments throughout the
deflection range asnd thereby to alleviate the effects
of the elastic control system. Such a tab arrangement
should be so linked that. the tab deflects downward 5°
when the aileron is neutral and moves upward at en
increasing rate as the alleron moves upward (epproxi-
mately sinusoidal motion}, with the result that the

tab 1s neutral at full up-aileron deflection and
maintains a smaell positive hinge moment for the upgoing
alleron. The tab on the downgoing aileron should like-~
wise move upward and a careful cholce of linkage would
permlt the tab to move upward more than 5° for full
down-~aileron deflection. In order to obtain this tab
motion, a 1ink extending from a horn on the upper
surface of the tab to a fixed plvot point between the
hinge lines of the tab and alleron may be employed.

The fixed pivot polnt would be very near & line jolning
the hinge axes of the tab and aileron when the alleron
is neutral,

The large-deflection tests were terminated at the

relatlvely low speed of 202 miles per hour because both
the test data and calculations indicated thsest the elastic

13
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control system would csasuse dangerocus overbalance at
high speeds. ' ’ S

Effect of Streteh on Stlck Forces

The preceding discussion has shown that elastliclty
in the control system adversely affects the aileron
control forces by lncreasing the stick-force gradient
through the small deflection range and causing over-
balance at large deflectlons. In order to provide a
high degree of balance with Friss allerons, the upgoing
aileron must te overbalanced for part of the deflection
renge, If the control system 1s flexlible, the upgoing
aileron reaches up deflectiona that are larger for =a
given stick deflectlon than those corresponding to a
rigid-control system; the downgelng aileron, however,
reaches smaller down deflectlons. The relation between
the hings moments of the upgoing and downgolng allerons
is therefore not that required to produce the deslred
degree of balance; in fact, violent overbalancing or
"snatch" of the ailerons appesars at high speeds. '

In order to show more clearly the effect of control-
system stretch, stick forces were calculated for a speed
range of 250 to ;00 miles per hour for control systems
assumed to stretch 0.058° and 0,0lL0° per pound-faot of
alleron hinge moment. These particular values of control-
system rigidity were chcsen because 0.C58° per pound-
foot was reported to ke the rigldity of the control system
of the experimental fighter airplsne and 0.0,0°, which
would indicate the effect of increésing the control-system
rlgidity, has been attalned In control systems of push--
pull tube type on other alrplenes (unpublished data).

The test-airplane control system stretched ¢.087° per
pound~foct of aileron hinge moment. In these calculatlons
the allerons were assumed to have hinge-moment character-
istlcs as shown for 202 miles per hour in figure 25 and

to operate on & linear sgileron<sztick linkege wilth.a
deflection range of #2l° ‘without load.

The aileron characteristics for thke control system
with 0.058° of stretch per fooi pound of hinge moment .
are summerized in flgure 26 and individual effects con--
tributed by the upgoing and downgolng allerons are shown
In figures 27 to 30, The calculations are limited to
the stick-deflection range in which a tendency for force
reversal 1s apparent, but they show clearly that this

1L
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control system will not permit satisfactory stick-force
gradients at a speed of 300 miles per hour or more and
that excesslive alleron deflection at high speeds may
result from the application of 1light stick forces.

The calculated forces with the rigidity of the control
system increased to 0.040° per pound-foot of hinge moment
are summearized in figure 31 and show an appreciable
improvement over the forces attainable with the more
elastic system. The individual contributions of each
alleron are not presented for the more rigid system
because the results are very similar to those shown in
flgures 27 to 30. .

Analysis of Erxtended-Span Allerons

Originally an attempt was made to increase the
rolling effectiveness of the ailerons withcut modifylng
the outer wing vanel. When it appeared that changes in
the outer panel would be sllowed, an analysls was made
to determine the effects of extending the alleron span.
The results of these calculations are summarized in
figure 32. The data presented show the inboard exten-
sion of the alleron span required to obtain values of
pb/2V of 0.09 and 0.10 for two outboard wing-panel
configurations. The two panels considered are the test
vanel and the test panel modifled by a square tip with
the alleron extended outboard to the end of this new
tip. The square tip adds approximately 18 inches to
the aileron span without increasing the span of the wing
panel as tested.

The required alleron extensions were calculated on
the basls of data presented in reference 1 with an
aileron effectiveness factor k of 0.41, which was
determined from flight tests of the original aillerons
on the test airplane (unpublished data) at an equivalent
airspeed of 250 miles per hour. The curves of figure 32,
therefore, incorporate the losses in aileron rolling
effectivensss due to wing twilst of the test airplane at
this speed. The effect of tip shape on the damping .
moment due to rolling is neglected, but conservatilve
estimates based on the increase in moment of the wing
area 1lndicate that the damping coefficlent of the rec-
tangular tip may be 3 percent higher than that of the
rounded tlp. This error, which would tend to reduce the
rolling veloclitles shown for the square-tip wing, is
within the accuracy of the results of these tests.

15
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The data of figure 32 indicate that by replacing
the rounded tip by & square tilp and extending the alleron
outboard (approximately 18 in. available) the rolling
effectiveness can be Increased 20 percent without any
Inboard extension of the aileron.

CONCLUSIONS  ~

& pair of closely balanced experimental Frise
ailerons with beveled tralling edges was tested in.
flight. These allerons were designed for application
to an experimental fighter airplane, which incorporated
the wings of a productlon fighter alrplane as outer
vanels added to a rectangular center section. The
flight tests were conducted with_the_production fighter
airplane. The following concluslons were drawn from
the results obtailned: :

1. The experimental ailerons provided 1inearo varia-
tion of rolling moment with deflections from -2h% to 22°,

With a total alleron-deflection range of [;8°, values of
alleron effectiveness of 0.137 on the test airplane and
0.098 on the experimental fighter airplane would be
available, -

2. The calculations indicated that the ailerons
provlde a sufficient degree of balance to obtain a
range of alleron deflection of #24° with a stick force
of 32 pounds at 202 miles per hour, the highest test
speed, when & rigid control system 1s used.

3. With the test-alrplane control system the stick-
force gradient was heavy at smell deflections and the
eilerons were overbalasnced at large deflections because
of the adverse effects of control-system elastlcity.

Li. The calculations indicated that, with a control-
system flexibility equal to that of the,K system of the
experimental filghter alrplane, the aileron stick forces
would be unsatisfactory at a speed of 300 miles per hour
or more.

S5e Exceptional care must be exercised in the
construction of highly balanced Frise allerons hecause

16
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small protubersnces on the lsading edge of the balance
area may cause overbalance or premature stalling of the
balance on the up-deflecited aileron.

6. The calculations indicated that extending the
aileron 18 inches on the outboard end. would increace
the gilercn rolling effectiwveness 20 percent.

Langley Memorial Aeronautical Laboratory
Natlonsl Advisory Committee for #Aeronautics
Langley Fileld, Va., March 282, 1946
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Figure 7.- Method of installing flexible seal over alleron-nose gap at out-
' board end of mileron.
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{b) Side view.

Figure 9.- Cable-tension-recorder unit used
to measure-aileron hinge moments.
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control system of experimental fighter airplanes Stretch, 0.058° per pound-
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Figure 29.~ Effects of stretch on individual aileron characteristics for alleron
control system of experimental fighter airplane. Stretch, 0.058° per pound=
foot of hinge moment; Vg ® 350 miles per hours
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