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FLIGHT OBSERVATIONS OF AILERON FLUTTER AT HIGH MACH
NUMBERS AS AFFECTED BY SEVERAL MODIFICATIONS
By John R. Spreiter, George M. Galster,

and George E. Cocper

' SUMMARY

During dive tests of a typical fighter airplane, a type
of aileron flutter occurred which was evidently associated
with high-speed flight. At a Mach number of 0.745 the
flutter was of such intensity that no further increases of
Mach number were attempted. Data obtained during these tests
show that, as the speed was increased from the lowest test
speed, both ailerons floated upward progressively, reaching
an angle of 0.8° at a Mach number of 0.,72. With further
increases of Mach number, to the highest test value of 0.745,
the aileron angle rapidly increased to approximately 3° up,
with the onset of flutter occurring at a Mach number of
approximately 0.73, At Mach nﬁmbers between 0.735 and 0,745
the ailerons fluttered with a frequency of about 20 cycles
per second and attained amplitudes as large as 3°, The onset
of aileron flutter was shown to be a function of Mach number
but was reiatlvely independent of altitude, aerodynamic

balance, and small changes of mass balance of the aileron.
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When the aileron control system was modified by installing
a hydraulic irreversible unit, the onset of alleron flutter was
delaved to a Mach number of approximately 0.75 and the flutter
amplitude never exeeeded 1°, which was of the same magnitude
as the play in the irreversible aileron control system., The
flutter frequéncy was again about 20 cycles per second, Due
to small amounts of creep in the irreversible units, both
ailerons floated up as the critical Mach number was exceeded,
although the magnitude of this upiloat was considerably less
than that experienced with the normal eontrol system.

Analysis of the available data indicates that the upfloat-
ing tendeney observed at Mach numbers greater than 0,72 is due
to the shock-induced scparation on the upper surface being
greater than that on the lower surface. The aileron flutter
appears to be a separate phcnomenon caused by a coupling of
the variations of the positions and intensitics of the shock
waves with the aileron motion, This ecoupling promotes an
sileron flutter which requires but onc degree o frecdom,

allleron Hobtatlon.

INTRGDUCTION

A type of aileron flutter, apparently associated with
high-speced flight, has been reported to occur on secveral

airplancs while flying at high subsonic airspecds. Onc of the

-,

carliest cncounters with this particular type of fluttcr was

cxpericnced in a fighter airplanc during high Mach number dives
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being conducted at the Ames Aeronautical Laboratory. On this
occasion the aileron flutter began at a Mach number of 0.73
and became so intense at a Mach number of 0.7.5 that further
inereases of airspeed were considered unsafe. The purpose of
the investigation reported herein was to provide information
concerning the effect of certain airplane parameters on the
occurrence and intensity of:. this {lutter phenomenon. Accord-
ingly, in subsequent flights, chordwise pressure distribu-
tions were measured at one wing station, and the effects of
varying the indicated airspeed, altitude, and mass and aero-
dynamic balance of the ailerons were observed. Furthermore,
a hydraulic irreversible unit was installed in the aileron
control system in order to investigate the effect of this
modification upon the flutter phenomenon, Since the installa-
tion of such a unit in the control system alters the flying
qualities of an airplane, corments relative to handling

characteristiecs of the airplene are included in an anpendix.

GSCRIPTICN OF AIRPLANE

S

The airplane utilized in this investigation is a single-
place, single-engine, low-wing, cantilever monoplane. A three-
view drawing of the airplane showing the spanwise station at
which the wing pressure distribution was obtained is shown in
figure 1. Figure 2 shows a photograph of the airplane as
instrumented during the flight tests. A sectional view of

the airfoil at the pressure-distribution station showing the
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aileron section, balance, and seal, is prescnted in figure Se

gince the only change in airfoil and aileron section along the

aileron span is a slight change in camber, this view may be

considered typical of the entire wing-aileron combination. The

general specifications of the wing and aileron combination are

as follows:
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The aileron control system was of the push-pull rod type.
The variation of ailecron deflection with hinge moment, as
measured in static ground tests with the control stick locked,
is shown in figure l.

The original aileron control system was modified for a
portion of the tests by installing an irreversible unit on
the rear spar of the wing 2 fect inboard from each ailcron
bell crank. A photograph of the installation is shown in
figure 5. This mechanism, designed and constructed at the
Ames Aeronautical Laboratory, oprcrates on the hydraulic-
lock principle, the rclicf valves being actuated only by
motions of the contrcl stick. Due to imperfect fluid seals,
this mechanism could rot completely lock the ailecrons; an
applied aileron hinge moment of 10 foot-pounds caused the
aileron to crecep approximately 7° per minute., In additicn,
it was possible to move the ailerons approximately 1° without
transmitting the motion past the irreversiblc unit. This
movement was traced to backlash in the rod-end bearings and
the hydraulic unit, and to distortion of the rear spar web
supporting the bell crank., The total friction in the alleron
control system with irrcversible units installed on both
ailcrons was cquivalent to a control force of approximately

6 pcunds.
INSTRUMENTATION

Standard NACA photographically rccording flight
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instruments were used to measurc, as a function of time, the
following variables: indicated airspecd, pressure altitude,
normal accecleration, control force, rolling velocity, aileron
position, and chordwisc pressurc distributions at a wing station
8 fect 3 inches from the left wing tip. In carly tests only tho
motions of the left ailecron werc recorded; whercas in later
flights the motions of both nilerons werc recorded. The aileron
position rccorders werc testod to determine their fidelity dn
rocording high-frequency moticr and worc found capablc of

tude and frequency at rates to

o

recording both the corrcct ampl

at least 30 cycles per sccond, the highost frequency tested.

Both rccorders worc connccted dircctly to the ailerons.
A swiveling pitot-static tubc, uscd for the measurcment

3

boom cxtonding 8 fect ahcad of

(63}
=
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)
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Q
,:Ln
O
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]

of airspeed, w2
the wing lcading cdgc and loca tcd 2 foet inboard of the right
wing tip.- The installation was calibrated for position orror.
Indicated airspced as uscd in this rcport is definecd by tho
usual formula by which staondard airspccd meters arc calibrated.

(Secc refeorcnce 1.)
RESULTS AND DISCUSSION

The data for the prescnt report were obtained during dives

starting at various altitudes. Typical time historics are

presented in figurc 6 illustrating the allecron flutter cncoun-

torecd with four &iffecrcnt configurations: (1) with production

ailcrons, (2) with thc loft ailcron mass-underbalanced 2.0
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inch~pounds, (3) with thc aileron pressure seals removed and
the ailercns mass-balanced the same as originally (2.7 in- lb

mass-overbalanced), and (i) with irreversible units installed

T

in the aileron control system and with the ailerons ing the
Same mass and aerodyncmic balance as the production ailerons,
In the following discussion the first threce configurations will
be referred to simply as thce normal control system,

Although the time historics for thc normal control system
(figs. 6(2), 6(b) and 6(c)) show that thc flutter cmplitude
was the lcast when the left ailcron was mass-underbalanced and
the greatcst when thce pressurc scals werc removed, these
variations in flutter amplitudec may also be corrclated with
the variations of Mach number sincc the greater amplitvudes
always occur at tho highor Mach numbors.

Furthor analysis of the time histories for the normal
control systom (figs. 5(a) through 6(c)) indicates that the
aileron fluttor phcnemenon was characterizcd by the following
sequence of events, As the Moch number was increased beyond
0,72 both ailerons started floating upward. At a Mach number
of gbowt 075, an dinclpient a;lcron flutter occurrced, which

at a ightly higher Mach number developed a steady frequency

=5

o

of about 20 eyclcs per sccond; further increascs of Hach
number up to 0,745 rcsulted only in a greater amplitude of
the vibrations, Despite changes of indicated airspced from
365 to 160 miles por hour, both the onset and the disappcar-

ance of flutter always occurred at a Mach number of about 0.73.

CONFIL4TTIAL
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While this obscrvation is interprctcd as indicative of the fact
that the flutter phenomenon is indcpondent of indicated airspecd,
insofor as this variable affccts cither the forees involved opr
the true airspecd (of importunce in classical flutter), 1t is
considered that the lift cocfficient range covered by variations
of either indicated .airspeed or normal accelerations was in-
sufficient tc arrive at a coneclusion regarding the effcct of
1ift cocfficiont. Dabte for cnother airplanc (rofcroncc 2) 8how

~

a definitc relationship betweon the 1ift cocfficient and the

Moch number corresponding to the cnsct of flutter; as the 1ift
coefficicnt inecrcascd from O to 0,80, the Moch number at which
flutter occurrcd decrcascd from 0.790 to 0,705.

With the irreversible ailcron control systecm, threce dives
were made to the point of severc cirplene buffeting during the
course of one flight, At the conclusion of this flight, it
was discovered that a large amount of play had been produced
in the bell-crank bearings and the ailcron attachment fittings.
Consequently, it was not considercd safe to continue the flight
tests and no further devolopment of irreversible ailercn control
systems was attcmpted.

Records taken during the tests with the irreversible
control system (fig. 6(d)) show that the same upfloating
tendency appearcd prior to the flutter as was noted with the
normal contrecl system, he onset of flutter, however, was
postponed to a Mach numbor of 0,75 and the amplitudec was
t should be noted that this

1imited to less than 8 degroe, ' It

.. GONFIDENTLAL
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flutter amplitude (opproximatcly 1°) corrcsponds roughly to
the amount of play in the irreversible ailcron control system.
While the test irreversiblc control system failed to prevent
eomplketoly the alleron upfloat and flutber, it i8 felt that
their occurrcncc was the rosult of deficicncics in the irre-
versible control system, Were a completely irreversiblo
control system installed, it is believed that no flutter nor
upfloat would occur. This belief is substantiated by the fact

that the rigidly held landing flaps werc nover rcported to

bQ

flutter.
The variation with Mach number of the ailcron anglcs
measured in straight flight with the normal control system
is shown in figurec 7. Thcse data show that at Mach numbers
greater than 0.72, the cffcects of moderate changes of altitude,
indicated airspeed, or aileron configuration are small in
comparison with those of Mach number. Similar data for the
irrcversible control system are not presented because, due to
creep, the alleron angle is a function of the time rate of
change of Mach number as well as of the Mach number itsalf.
Insufficient data are available to vresent adequately this
more complicated relationship. The time history of figure
6(a) does show

, however, that the ailerons float upward in

%

a manner quite similar to that indicated in figure 7 for the
normal control system.
Chordwise pressurc distributions recorded 1 and li seconds

after the start of . the time history shown in figure 6(b) are

CONPIDIKTTAL
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presented in figure 8 to show typical distributioné beforo

and du-~ing the occurrcnce of ailecron flutter. Bocause of the
damping and inertia in the pressure lines beotween the orifices
in the wing and the manomecter in the taill compartment of the
fuselage, the pressure distribution recordecd while the aileron
was fluttoring is somewhat inaccurate, but it does have sig-

nificance as a mean pressure distribution.
Rolation Betwcen Aileron Upfloat and Flutter

It appears from an analysis of the flight data in con=-
junction with the critical Mach number data, presented in figure
9, that the upfloating tendency and the flutter arc the result
of two relativcly independent, but roclated, phenomena. Before
examining these phenomena in detail, & discussion of figurc 9
will be presented.

The critical Mach rmumbers of both the upper and lower
surfaces of the NACA 66,2-216 (a = 0.,6) airfoil with a
15-percent~chord plain flap, which is very similar to the air-
foil and aileron combination of the test airplanc, were computed
for several flap deflections by the method of refercence 3 and
plotted as a funetion of 1ift coocfficient. In order to adjust
for the diffcronce between theory and actuality, several test
points obtained from the experimental pressure distributions
are presented and new curvces of eritical Mach npmbor for the
test airplanc wing are estimated on the basis of both the

theoretical and cxperimontal results and arc shown in figure 9

CONFIDENTIAL
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by dotted lines. The relotion betweon the critical Mach number
of the airfoil section (as prosented in fig. 9) and the
aileron upfloat is shown in the following discussion.

An analysis of theo variation of ailoron angle with Mach
numbor (fig. 7) in rolation to thoe clastic characteristics -of
the normal control system (fig. li) shows that as the Mach
number incrcascs from 0.30 to 0.72 at an altitude of 10,000
feot, the acrodynomic hinge momcnt applicd on the left aileron
incrcascs from 3.0 to 13,5 foot-pounds, cerrecsponding to hinge-
moment coefficicnts of 0,005 and €.00i, respoctively., The
relative constancy of the hingc-momcnt coefficient at Mach
numbers less than 0,72 indicates that the gradual upfloating
of the allerons in this raonge is essentially a function of
dynamic pressure rather than an ¢ffect of compressibility.

With further incroascs of Mach number to 0.7l, howevor,
the mean aileron hingo moment increases rapidly to approx-
imately 50 foot-pounds, which, at an altitude of 10,000 fcet,
corresponds to a hingc-moment cocfficicnt 6f approximately
0.015, Beecause of the marked change in the hinge-moment
cocfficient and becousc the allerons with the normal control
systom always start their pronounccd upward movemcnt at
approximatcly the same Mach number, it is concluded that the
upfloating tondency at Mach numbcrs above 0.72 is duc mainly
to an effect of comprossibility.

The data of figurc 9 show that for positive 1lift

coefficicnts and for ncgative ailcron angles up to L9, the

CONFIDEI{TAL
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ecritical Mach number of the upper surface is always less than
that of the lower surface. As a result, the magnitude of the
shock-induced separation on the upper surface will probably be
greater than that on the lower surface. Therefore, since the
pressure coefficients on the rear portion of an airfoil on which
the flow is separated from the surface are more negative than
they would be without separation, the ailerons would tend to
float upward as the critical Mach number is exceeded. The
actual amount of upfloat would be determined by the degree of
separation and by the elasticity of the control system.

While the foregoing discussion indicates tnat the upfloat-
ing tendency at high Mach numbers is mainly the static conse-
quence of the intensity of the shock-induced separation on the
upper surface being greater than that on the lower surface, 1t
is thought that the aileron flutter is a separate phenomenon
resulting from a coupling of the variations of the positions
and intensities of the shock waves with the aileron motions.

As the aileron moves from its mean posgition during the
occurrence of flutter, the relative intensities of the shock-
induced separation on the upper and lower surlaces change,
producing hinge moments tending to return the aileron to its
mean position. Since a finite time is required for the aileron
deflection to affect the flow over the wing, the restoring
moments lag the aileron motiens. It 1s possible, thererore,

to have a component of the restoring moment in phase with the

aileron velocity, promoting the continuance of an alleron
(e
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flutter which requires but one degree of freedom, aileron
rotation. Shadowgraph pictures! taken in the Ames 1l6-foot
high-speed wind tunnel have confirmed the foregoing
hypothesis in that they show a coupling between the shock-
weve position and the aileron angle.

In contrast teo the classical ‘filutter problem, in which

L
<l
=

the aileron flutter is grcat

o

aerodynamic coefficients and the amount of mass balance of

1

the ailerons, it appears thet in a flutter phenomenon of the

type just described the flutter would be relatively inde-
penident of swanigtions of 't

characteristics of the ailerons, provided the ailerons
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remain free¢ to rotate. Such independence
the experimental data presented in this report. If the
ailerons were not free to rotate, however, as would be the
case with a perfect irreversible control system, it ls
believed that the flutter would not occur and tiie fluctua-

tions of the hinge moments would be grecatly rsduced.

COrCLUSIONS

R

The rfollowing conclusions regarding aileron flutter

1

were drawn from an analysis of the data obtained from dive

tests of a fighter airplanc:

ai’fected by the valueg of the

¥ Deta on file et thisg Laboratory.,
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l. With the normal control system, both ailerons floated
upward progressively as the speed was increased rcaching an
angle of 0.8° at a Mach number of 0.72. VWith further increases
of Mach number to 0,745, the deflectionsg of both asilerons
rapidly increased to 3° up, and the flutter started at a Mach
number of approximately 0.73.

2. With the aileron control gsystem modified by the
installation of a2 hydraulic irreversible unit the flutter wa
delayed teo a Mach number of about 0.75. This system was not
completely irreversible; however, backlash and distortion
permitted about 1° of aileron deflection, and fluid leakage
allowed the ailerons to creecpy slowly under applied hinge
momcents. Because of this crecp, an upfloeting tendency of the
-ailerons was still observed, although it was smaller than that
measured with the normal control system. The amplitude of the
flutter, less thean 1°, was of éhu same magnitude as the play
in..the irreversible aileron control system.

3« The flutter fregquency was approximatcly 20 cyclcs per
second for all configurations tested.

4, The onset of aileron flutter was a function of }ach
nunber but was relatively independent of altitude, aerodynamic
balance, and small changes of mass balance of the aileron.

5. Analysis of the available data indicates that the
upfloating tendency observed at lMach numbers gresater than 0,72
is due to the shock=-induced scparation on the upper surface

being greater than that on the lower surfaces The aileron

CONFIDENTIAL
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flutter is a separate phenomenon caused by a coupling of the
variations of the positions and intensities of the shock waves
with the aileron motion. This coupling promotes an ailleron

flutter which requires but one degree of freedom, aileron

rotation.
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APPENDIX

PILOTS! OPINIONS OF THE HANDLING OUALITIES OF THE AIRFPLANE

WITH IRREVERSIBLE AILERON CONTROL SYSTEM

. Thile it appears that an irreversible aileron control
system may off'er one golution "to the flutter problem, the

lack of positive stick-free lateral stability and the added
friction usually associated with irreversible mechanisms are
undesirable featurcs from the pilote! viewpoint. To determine
the degree of acceptability of such control characteristics,
the test airplane with the irveversible aileron control system
installed was flown by several experienced test pilots and
their opinions of the lateral stability and control character-
istics were noted alter each iflight. These comments have been
analyzed and are swmarized herein togethor with representa-
tive gquantitative aileron control-force data obtained in
abrupt rolls.

Figure 10 shows a typical time history of an ebrupt
rudder-locked aileron roll of the test airplane with the
irreversible aileron control system installed. This time
history clearly shows the initial control force required to
move the ailerons and to start the roll., Once the desired
aileron deflection was reached, the control force was reduced
nearly to zero, while the irreversible unit maintained the
aileron at an effectively constant setting.

From the standpoint of the pllots, as judged from their

CONFIDENTIAL
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comments, the undcsirable characteristics of the test
irrcversible ailcron control system werc the high control
friction and the fecling of stick~free ncutral lateral
stability. These characteristics werc most noticecble and
disagrecable during take-off and landing. For takc-off,
they reported that the allerons must be neutralizcd by
position alonc, since it was impossible to determine ththor
or not they werc ncutralized until thé airplane was airborne
and the rolling momcnt causcd by unbalanced ailerons causcd
a wing to drop. Thec wings could be kept level only by visual
reference to attitude. Without devoting too much attention
to attitude, corrcctive action was not applied by thc pilot
as soon as would bec the casc if he felt positive stick-frce
lateral stability, producing a definite tendency towards ovor=
controlling. This tendeoney, *“he pilots noted, gradually
diminished as thec speed was increased until, at spccds above
about 250 miles per hour, it was possible to avold over-
controlling by moving the ailerons with slow stcady prcssurcs
instead of rapid movemcnts., As the specd was dcercascd for
landing, the overcontrolling tendency arosc again and was
even more noticcable than on take-off, bccausc morc corrcctions
were usually necessary in making the approach at low spccd.
Rough air greatly aggravatcd the overcontrolling tendencics.
The application of the slow steady stick pressures that
reduced the overcontrolling tendencics at high spceds was
practically impossible at low speeds duc to the large ailcron

deflections required to producc the ncecssary rcstoring moment.
CONFI ’”TAL
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