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MEASUREMENT OF INDIVIDUAL AILERON HINGE MOMENTS AND
ATLERON CONTROL CHARACTERISTICS OF A P-40F AIRPLANE

By R. Fablan Goranson
SUMMARY

Flight measurements have been made of the individual
alleron hinge moments, alleron rolling effectiveness
pb/2V, and stick-force characteristics in abrupt aileron
rolls with a P-40F alirplane (AAF No. 41-14119) over an
Indlcated alrspeed range from 108 to 204 mlles per hour.
Three methods for measurlng the rate of changs of hinge
moment with angle of attack were investigated. Presented
for comparison with the flight results are data from
two-dimensional wind-tunnel tests of the wing-aileron
profile as measured at the conter alleron hinge.

These measured characterlstics of the P-40F standard
ailerons show that these allerons produced a hellx angle-
pb/2V of 0.08 radian at 200 miles per hour, but that the
elastlic contrsl system reduced the maximum hellx angle to
0.06 with full stick deflection at 300 miles per hour.
Stick forces were objJectionably unsymmetrical to left and
right. Hlnge-moment measurements show that the flight
measured valucs were approximately 40 to 80 percent of the
value 1lndicated by two-dimensional tests wilth the largest
difference appearing at high alleron dcflectlons. Another
point worth noting 1s that flight tests also showed that the
allerons were effective to approximately 2° higher deflec-
tlon than indicated by the wind-tunnel tests. This com=-
parison between flight and wind-tunnel data indicates the
need to evaluate the lifting-surface theory and theredy
provide the numerical quantities necessary to' correct
sectlon data for plan-form effects when estimating stick
forces for a finite alleron~wing comblnatlon.
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INTRODUCTION

The progrem for the development of satisfactory
allerons for the XF-75 alrplane, which employs the P-40
wing as 1ts outboard panel, consiated of two-dimensional
wind-tunnel tests in the Langley stability tunnel and
flight tests with a P-40I" airplane. Wind-tunnel tests
were made with models of the wing-alleron profile as
measured a2t the center alleron hinge.

Although there were a few data availlable on ailleron
hinge moments measured in flight, there were no data
which were comparable to two-dimenslonal wind-tunnel
tests., It was therefore advantageous to lnvestigate the
effectiveness and hinge-moment characterlistics of the
standard P-40F ailerons in flight and in the wind tunnel
In order to provide data to check current theories for
correcting sectlon data to the free-flight condition.

In addition, the flight tests would provide a basia for
evaluating the characteristics of the XP-75 allerons,
permlt Investligation and perfection of techniques for
measuring hinge-moment characteristics, and allow measure-
ments of frictlon forces and stretch inherent in the

P-40 control system,

The results of the P-40F standard alleron flight
inveastigations are presented in thls report.

DESCRIPTION OF THE TEST AIRPLANE AND INSTRUMENTATION

These tests were conducted with a P-40F airplane
(A4F No. 41-14119) flown at an average gross weight of
7870 pounds with the center of gravity at approximately
28 percent mean aerodynamlc chord, wheels retracted. Two
photographs of the test airplane are shown in figures 1
and 2, a true view of the right wing glving pertinent
wing dimensions 1s presented in figure 3, and section
views showing the alleron-wing and alleron proflles are
shown 1n figure 4. Although figure 3 shows the right
wing and alleron, the location of the lnset trimming tab
on the left aileron 1s shown by & dotted line. The left
alleron 18 not equlpped with the fixed external tab shown
on the right asileron. The alleron proflles (fig. 4(b))
were obtained from plaster casts of the actual ailerons
and therefore include local surface detalls. Differences
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between the two allerons are primarily due to local fabric

" " reinforcements- and cover plates and usually gﬁtend for

less than 6 lnches spanwise on the alleron.

Pertinent 'alrplsne dimensions are llisted below:

Wing area, scuare feet . « « . o« « ¢« s ¢ o « s » « « 236
Wing span, feet .« o+ + ¢ ¢« o ¢ ¢ 4 o . . . . 37.3
Wing aspect ratlo . . . . ¢ ¢« ¢ v ¢ o o ¢+ « » s « 5,95
Wing taper r8tlo . &« ¢ ¢ ¢ ¢ ¢ e ¢ s e e e s s . 2,32
Alleron area aft of hinge line, square feet . . . 7,04
Root mean square chord of area aft of

hinge lline, feat . . « o 8 s o s = . + s+ 1.03
COntrol-stick 1ength feet s 4 s s e s e s . o« 1,76

Tab area, squere leet:
BExternal tab, right aileron . . . .
Inset tab leit alleron . « «
Alleron locaéion, percent wlng semispan
Inbosrd end . o« ¢« « 4 ¢ = s o« o s
outboard end . [ . . . L) L] . L ] L] [ )

c « . o 0,12
[ ] L] L] L] . 0.25

. L] [ ] L) L] 54'0
« « e s+ . 91.0

Instrumentation for these tests included the following
standard NACA recording lnstrumsnts synchronlzed by an
NACA chronometrliz timer:

Alrspeed

Roll turimeter

Alleron position

Accelerometer (three- component)

Stick force

Galvanometer (alleron hinge-moment recorder)

In addition to the recording instruments the alrplane was
equlpped with & sensltive i1ndicating alrspeed meter and
an indicating free-air thermometer (resistance-bulb type).

1
The airspeed recorder and indicator were connected
to the P-4QF production alrspeed head 1ln order to avold
detrimental alr-flow characteristics which may occur when
external booms are mounted near the aileron. The salr-
speed lnstallation was calibrated for positlon error and
the thermometer for compresslibillity effects.

Alleron hinge moments were measured hy cable-tenslon
recorders calibrated 1n terms of alleron hinge moments.
The cable-tension-recorder unit, shown in a three-view
drawing (fig. 5) and in a photograph (fig. 6), consists
essentlally of a "C" shaped spring unit with electric
straln gages mounted on the stressed shank so as to
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measure cable tension as a functlion of strain in the shank.
A sufflclently large number of straln gages were mounted
on the unit so thet the current changes could be measured
directly with a microammeter without an intermedliate ampli-
fier. Because changes 1n aileron-stick linkage ratio
occurred between the alleron and the point where the cable-
tenslon recorder was mounted in the control cable, 1t was
necessary to callbrate the cable~tenslon recorders in terms
of alleron hinge moment for various alleron deflectlons.

During the high-speed tests, a 35-millimeter camera
was lnstalled so as to photograph the alleron fabric
bulging. The camera was mountad in the compartment behlind
the pllot!s seat and photographed the upper surface of the
alleron through the fuselage opening normally used to fi1ll
the fuselage gas tank.

The alleron deflectlons were measured at the inboard
end of the aileron and are therefore lndependent of stretch
in the alleron control system. Twlastling of the alleron
under load 1s neglected, however,

The relatlonshlp between control-stick position and
alleron position is shown in figure 7 for the no-load
condition as measured on the ground. The stick forces
due to frictlon 1ln the control system for the no-load
condition as shown in figure 8 Indicate an average frictim

force of about 2% pounds with a sharp increase in friction
forece near full deflection.

DEFINITION OF SYMBOLS

pb/2V helix angle described by wing tip during roll,

radlans
where
P angular veloclty in roll, radlans per second
b wing span, 37.3 feet
\'i true airspeed, feet per second

alleron hinge-moment coefficient (H/qSc)
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where : ﬂ:%.L >
-E' o aiieron hinge moméht positiVe when -tending -to
rotate the trailing edge down, pound-feet
q dyna.mic preﬂsure (':l‘pV2
3 aileron area aft of hinge 1in$, 7.04 square feet
T root mean square chord of the mrea aft of the

hinge line, 1.03 feet

\f] indicated alrspeed (‘/f')

cha rate of change of alleron hinge-moment coefficlent
with angle of attack at a constant alleron
deflection

Ch6 rate of change of alleron hinge-moment coefficient
with alleron angle' at a constent angle of attack

angular alleron deflection with respect to the
wing chord line, degreeas, positlve when the
tralling edge 1s down

TEST PROCEDURE

The test program can be roughly divided into two
parts: Plrst, measurement of alleron rolling effective-
ness, control-force and hinge-moment charascteristics in
abrupt alleron rolls made with controls locked in accord-
ance with standard NACA procedure; second, tests to
determine hinge-moment variatlions wlith angle of attack.

All flights were made with landing gear and flaps
retracted and at power requlred for level fllight or at
rated power for gpeeds exceeding the maximum level-flight
speed. An average pressure altitude of 10,000 feet was
malntained throughout the tests. )

Three methods for determining the variation of’
alleron hinge moment wlth angle of attack were investl-
gated. - Hinge moments were first measured in level flight
throughout the speed range. Slince the alleron trlim angle
was different from zero and varled with speed, the hinge
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moment at zero deflection could not bHe measured directly,
but thls effect was clrcumvented by slowly moving the
allerons through neutral and measuring rolling veloclty
and hinge moments corresponding to zero alleron deflec-
tion. The change in angle of attack due to rolling was
then consldered to be the increment obtained at the
alleron midspan. The second method investigated was that
of making abrupt pull-ups and push-downs and measuring
the hinge moment durlng the period of steady acceleration..
The third method conslsated of making abrupt alleron rolls
out of accblerated turns,

Cherlr callbration and repeated tests indicate that
the measurements are within the followlng limits of
accuracy:

Rolling veloclty, p, redians per second . . . . . 10.03
Alleron angle, &gy, degrees . . ¢« ¢ « « . . . . » *10.2
Alleron hinge moment, H, pound-feet . . . . . . . . *1
Alrspeed, mlles per hour . . « o ¢ o o « 2 o o« « » » *1
Stick forces, pounds . « « « o « s ¢ s =« o« +« «» «» «» 0.5

The accuracy of the alleron hinge moments 1s based
on a comparlson between measured stlick forces and stick
forces computed from measured alleron hinge moments so
that the proportion of the error due to each alleron is
not determined. The scatter in hinge-moment and stick-
force data 1s attributable to the friction in the control
system, which 1n flight 1s apparently less than static
friction because of rellef due to contlnual vibration of
the airplane.

The ailleron characterlstics at each of the test
speeds were measured by rspeated flights 1n order to
provide an adequate check on the results.

RESULTS AND DISCTSSION

The alleron rolling effectiveness pb/2V and stick~
force cheracteristlics as measured in sbrupt alleron rolls
are presented 1n figures 9 through 14, and the hinge-
moment coefflclents measured at the time of steady rolling
velocity are presented in figures 15 and 16 for the left

and right alleron, respectively.
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The stick-force variationawith aileron angle (figs. 9
--to.14)..show a marked dissymmetry between left and right
rolls; however, the asymmetric force gradlent can be -.
_erplained on the basis of the hinge moments and alleron-
to-stick linkege-ratio variation with aileron deflection.
That 13, an lnspection of figure 7 shows a very rapid
increase In mechanlcal advantage of the stick over the
downgoling alleron. Thls increase in mechanical advantage
for a unit down deflection 1s greater than the increase

in hinge-moment coefficlent (flgs. 15 and 16); conse-
quently, nearly the entire stick force 1s dus to the

hinge moment of the upgolng alleron over which the stick
has a dsecreasing mechanical advantage. The shapes of the
hinge~moment-coefficlent curves show a distinct difference
between two supposedly lcéentical allerons with the right
aileron exhiblting a greater up~floating tendency than

the left alleron und also a more negative slope "Opg"

durling roll. The hinge-moment-coefflclent curves 1lndicate
clesrly then that in right 1rolls the stick force will
Increase progressively with alleron deflectlon whereas

In left rolls the stleck forces will reach a steady or
decreasing value after the left alleron exceeds approxi-
mately -8C° deflection. This difference between the hinge-
moment characterlstics of the left and right alleron and
consequent dissymmetry 1n stick forces for left and right
rolls 1s not entirely attrlbutable to any one factor;
however, the geometric differences between the two allerons
(external trimming tab attached to the inboard end of the
right alleron, slight dlifferences 1n contour shown in
figure 4(b) and slight differences in rigging) together
with the unsymmetrical yawlng during right and left rolls
(shown in unpublished data) provide adequate reagon for
the differences.

Frise ailerons usually exhibit abrupt changes in
hinge moments at high up deflectlons, because the over-
hanging balance protrudes into the salrstream at an angle
that causes the lower alleron surface to stall. In order
to determine the deflection at which this stall occurs,
the stlck stops were removed for all rolls except those
at 108 miles per hour. With the stops removed -23° deflec-
tion was avallable on the ground with no load. A%

151 miles per hour 1t was not .possible to stall the up-~
golng allerori at the maximum avallable deflection, but at
203 miles per hour a severe .osclllation occurred when

the alleron stalled. The point at which this aileron
oscillatlion occurred 1s indicated by dashed 1lines on the
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hinge-moment-coefficlient and stick-force curves. At 252
and 304 miles per hour the alleron control system stretched
so much that the stalling deflection could not be attaineq,
but stlck-force curves exhibited peculiarities at high
deflectlons. At 250 miles per hour the stick-force and
hinge-moment coefficients rose sharply as if to indicate
Incipient stallimg without the buffeting that occurred

at 203 miles per hour. At 304 mlles per hour (fig. 13),
the allsrons exhiblited an abrupt change in stick force

at the time maximum rolling veloclty was attalned; that

is, the stick-force and hinge-moment variations with
alleron deflection follow the =zolid curve then during the
rolls suddenly decrease &8 1s Indicated by the dotted
curve, Since thls airplane exhlblts low directional sta-
billity, thls sudden change In stick force may be due to
sideslip attalined in the roll.-

A summary of the rolling characteristics 1s presented
in figure 14. PFrom thils figure 1t 1s apparent that the
control system 1s very elastic and that thls stretch
reduces the pb/2V from an average value of 0.08 at
200 mliles per hour to 0.06 at 300 milea per hour with
the stick fully deflected. Tt would be most desirable,
both from the standpolnt of effectliveness and stick forces,
to ellminate the elasticlty of thils control system.

The marked changes 1n slope of the hinge-moment
curves at high speed, together with pllot's comments
that the alleron fabrlc was bulging, prompted an investl=-
gation to determine the fabric contour in flight. Con-
tours at the center of one panel of the upper surface of
the left alleron 1in rolls at 350 mlles per hour are shown
In figure 17. These contours were obtalned from 35-
millimeter motion plctures of the alleron. A typlcal
plcture 1s shown 1n figure 18. Since the contour of only
one surface 1s known, no quantitatlive results are avail-
able, but 1t appears that the mean camber lline deflects
in a direction to increase the hinge moments.

The results of teats to determine the hinge-moment
variation with angle of attack are presented 1n figures 19
through 21, The data for filgure 19 were obtained from
flights wherein the angle-of-attack change was obtalned
by verying the alrspeed. The angle of attack was also
changed by varyling the normal acceleratlon at a constant
airspeed. In flgure 20 are presented the results obtalned
from acceleration changes due to abrupt pull-ups and
push-downs and in flgure 21 results from rolling out of
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constant-speed accelerated turns. All angle-of-attack

.calculations were made with an estimated lift-curve

slope CL of 0,0738.° - - e e

To obtaln the deta presented in filgures-19(a) and
19(b), the alrplene was trimmed in level flight over a
speed range from 113 to 230 mlles per hour and the
allerons moved slowly from left to right. It was then
possible to obtaln measurements (fig. 19(8)) of hinge
moments as the airplane wae rolling with small and equal
anguler veloclties to left and right as well as two
points (a = 2.4° and.3.4°) at zero rolling veloclity.

In figure 19(b) hinge-moment coefficlents are plotted as
a function of the angle of attack as corrected for the
increment of angle of attack at the center of the alleron
due to rolls. These data are segregated according to
Increment of. angle of attack due to rolling. . The third
set of data (fig. 19(c)) was obtalned by plotting ‘the
hinge-moment coefficlient at zero alleron deflection,’
obtained from. Ffigure 15, as a functlon of the angle of
attack corresponding to the test alrspeed., Effects of
rolling are negligible in figure 19(c), because level-
flight trim points are so very nearly at zero alleron
deflection. The distribution of alleron trim angles near
zero deflection was obtalned by mlnor changes in rigging.,
The data of figure 19 indicate an average value of Ch

of =0,0034 per degree.

It appears advantageobus to vary the angle of attack
by varying the normal acceleratibn rather than -the alr-
speed, because under thlis condltion it 1s possible’ to
measure Ch% Independently of effects due to speed

0

changes. the two methods for changlng acceleration,
pull-ups and push-downs (fig. 20) were found unsatis-
factory with this alrplane because the elastlic control
system permitted the allerons to float away Irom neutral
as the acceleratlion changed, thereby introducing hinge-
moment effects due to alleron deflection. For an air-
plane with a rigld control system, pull-ups and push-downs
would provide a simple method to obtaln data on the angle-
of-attack effect on hinge moments, alleron neutral.

The data presented in figure 21 were obtained by
trimming the alrplane 1n a steady turn and making abrupt
elleron rolls out of the turn. These results are very
incomplete in that data for only two angles of attack
are avallable; furthermore, no alleron effectliveness or
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sideslip data are avallable. Conslderable sidesllip was
experlienced due to the low directlonal stabllity of this
alrplane and 1t 1s not possible to determine the effects
or magnitude of the sidesllp because the instrumentation
did not include a yaw vane. It therefore appears that
the method of making rolls out of accelerated turns 1s
the most promlising way to obtaln a measurement of Cha

for the entire deflectlon range, but the data of figure 21
cannot be considered conclusive.

For comparative purposes, wind-tunnel data from two-
dimensional tests 1n the Langley stabllity tunnel of the
alleron-wing profile at the center hinge (fig. 4) are
presented in figures 22 to 24. These tests employed a
1/2-scale model and were run at approximately 150 and
300 miles per hour; consequently, these data correspond
to full-scale Mach number and one-half of full-scale
Reynolds number. Hinge moments measured in flight when
corrected only for the effects of rolling are approxi-
mately 40 to 60 percent of the value indicated by the
two-dimensional data of figureas 22 to 24 wlth the greatest
differences apps¢aring at high alleron deflections. The
flight data also show that the allerons are effective to
approximately 29 greater up deflection than 1s shown by
the wind-tunnel tests. Although numerical values for
correcting Cpg Wwhen converting from two-dimensional to

three-dimensional flow have not yet been evaluated, the
difference between the wind-tunnel and flight test results
are abecut what would be expected., Numerical values for
correcting C have been evaluated, however, and do

show good agrggment between flight and tunnel results;
that 1s, figure 24 shows a value of -0,00850 for cha’

and reference 1 indlcates a correction of 0.0012 1if
sectlon data are to be applied to the P-40F wing. The
corrected value of cha‘ -0.0038, 1is in good agreement

with the measured value of -0,0034 obtalned from figure 19,
CONCLUDING REMARKS3

The results of this Investigation, although not suf=
ficlently complete to determlne all the hinge-moment
characteristics of the P-40F allerons, have clearly 1ndl-
cated the feaslbllity of measuring alleron-hinge moments
in flight. Furthermore, the two-dimensional wind-tunnel
tests carried on in conjunction with the flight tests
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have pointed out the necessity of more extensive flight
investigatlons incorporating positive control of all
varlables so as to provide the data necessary for checking
avallable methods used 1n correcting wind-tunnel data to
the free-flight condition. Finally a comparison of the
two-dimensional and flight data indlcates that theoretical
correctlions to the value of Cha obtained from two-

dimensional tests give relatlively good agreement with the
flight values and that the dlrference between the values
of Cpx obtalned in two-dimensional end three-dimensional

tests gs in the expected directlon. The need 1s therefore
indicated for extending the lifting-surface theory to
provide numerlcal values for the baslic aerodynamic Iinduc-
tion factors necessary for correcting two-dimenslonal
hinge moments to the three-dimensional free-flight
condltion.

Langley Memorial Aeronaullcal ILaboratory
Natlonal Advisory Commlttee for Aeronautics
Langley Fleld, Va., January 29, 1945
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Figure 2,- Rear view of the P-40F test airplane.
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Top and side view of the cable-tension unit used to
measure the aileron hinge moments.
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Maximum stick forces 43 pounds to right

gtick deflection.

aristion of rolling characteristics with airspeed at full

and 36 pounds to left.
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Figure 15 ~ Hinge-moment coefficients of standard P-LOF ailefoﬁs
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Left aileron,

as measured during a steady roll.
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Figure 15 - Concluded.
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Figure 16 - Hinge-moment coefficients of standard P-4OF ailerons

Right aileron,

as measured during a steady roll,
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Figure 16 -~ Concluded.
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Third panel from inboard end of

at ¥4 = 350 miles per hour.

Figure 17 - OChange in aileron upper surface contour due to fabric distortiom
aileron,
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NACA L MAL

Figure 18.- Typical photograph of left aileron showing fabric
bulging at V; = 350 mph. &, = 6.8°. Wide stripes are
2 inches wide with the inboard edge at the center of the

panel. Narrow stripes are 1/2 inch wide and mark rib
locations.
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L5A29a

angle of attack as measured irn abrupt aileron rolls out of

Pigure 21 - Variation of the left ailercn hinge-moment coefficients with
an accelerated turn,
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Figure 22, - Variation of section coefficients with aileron

angle at various section angles of attack aq.

of 240 pounds per square

Data from two-dimensional tests in the
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Figure 23, - Variation of section coefficients with aileron
angle at various section angles of attack Qo,
Impact pressure q; of 60 pounde per square
foot. Data from two dimensional tests in the
Langley Stability Tunnel.
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Impact

and 240 pounds per square foot.
o-dimensional tests in the Langley Stability

les of attack ag at &g = O,

%'of

witbh section

- Variation of ‘section hinge-moment and 1ift coefficients
pressure q

Figure 24,

Data from
Tunnel,
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