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SUMMARY
The repert describes a serics of low spced flutter tests to obtain
s direct measurcment of the serodynsmic cffects of aspect ratio on wing-
ailoron flutter, The tosts worc made on rigid wings fitted with full
span ailcrons, the wings having root flexibilities in roll and pitch,
Provision was made for massbalancing the ailerons, Somc general con-
clusions arc drawn concerning the cffccts of aspcet ratio and massbalance

on control surfacc fluttoer,
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1 Introduction

The tests described in this paper are the last of a scriests2,3,4
using a technique, described in reference 1, whereby the aerodynomic effects
of aspect ratio on flutter can be isolated, The procedure is to use wings
that ore virtually rigid, but have root flexibilities., By suitoble edjust-
ment of the inertia and elastic characteristics of the families of wings
considered, it is possible to make any change in flutter speed between
individual wings of these fomilies dependent only on the acrodynemic effect
of aspect ratio.

The techniquc was applied in this instance to a family of unswept,
untapercd wings, cach wing having a full span aileron whose chord was 0,3
of that of the wing, The influcnce of massbalance on the control surface
flutter characteristics was also investigated,

2 Exporimental details

2.1 Description of the wings and mounting rig

All wings were of solid homogencous construction, being made of
spruce, Each wing was fitted with a full span aileron, whose chord was
0,3 of that of the wing and which operatesd cn a plain bearing hinge.
There was no stiffncss between the wing and aileron, The wing section
used throughout was R,AE,101,

The rig allowed wing freedoms in modes of linear flexure (roll) and
uniform pitch, A further degrec of freedom was allowed, that of aileron
rotation about its hinge line., The wing root was 0,075 span zbove the roll
axis, and the pitching axis was 0,35 chord aft of the leading edge.

Torsicn bars of adjustable length provided the required stiffnesses, and
sliding weights enabled the roll and pitch inertias to be adjusted.

The wing mounting was designed so that its product of inertia between
roll and pitch was zcro, but the mounting contributed to the direct iner-
tias of the wings so that means of adjusting them werc required., The
moments of inertia of the rig (wing and mounting) ecbout the axis of roll
and pitch were adjusted by means of the sliding weights to vary as 83
in roll and s in pitch, where s is the distances from roll axis to
wing tip. ¥Furthermorc the wings werc designed so that the products of
inertia between roll and pitch and between roll and aileron rotation varied
as s° and the product of inertia between pitch ond aileron rotation and
the moment of inertia of the aileron about its hinge line varied as s .
The inertia values are given in the teble accompanying Pig.l together with
the dimcnsions or the wings,

2,2 Massbalance arrangement

A massbalance rider was abtbached to a carrier arm at the outboard
end of each aileron (Fig.2) ond the massbalance contribution to the veri-
ous inertias was such that the dependence of the inertiss on the above
functions of s (Section 2,1) was preserved. This was achieved by
making all spanwise dimensions of the massbalance system vory as s ,
other dimensions boing constant for oll the wings, The carriers were
mode of stecel ond the riders of lead; the structural cetails of the
massbalance system are given in the toble accompanying Fig.Z2.

The massbalance sysiem was offective in balancing out the dynamic
cross incritia between wing roll and aileron rotation., When the c.g. of
the rider was located 1,06" forward of the aileron hinge line the aileron
was dynemically balanced in roll, However, when the rider was situated



in its furthest forward position on the carrier, the rider c.g. then being
1._72" forward of the aileron hinge line, the cross inertia between wing
Pitch and aileron rotation was only reduced by 21, of its initial value,

. The variation of massbolance conditions covered a range from 45, to
80, static balence of the ailcron. The oddition of mass balance had a
pronounced effect on the pitching moment of incrtia of the aileron., When
the carrier only was added the incrtia was increased by 15. of its basic
valuc and when the rider was added at its furthost forword position it
was incrcased by o further 73,0,

2,3 Wind tunncl mcasurcnents

The tests were conducted in the 5 £t diameter open jet tumnel.
All wings wore mounted vertically obove a refloctor plate, to simulate the
symmetric flow condition., The wing aspcct ratios ronged from 2,0 to 6.0
being deTined as 2 s/c where c, the chord of the wing, was constant for
the whole serics.

The wings were set up by adjusting the torsion bars so that for all
the wings, the frequencies of the corresponding modes (with aileron fixed
to the wing) were the same. The natural frequency of the wings in roll
was 3,1 c.p.S. and in pitch 9,6 c,p.s. These frequencies were measured
with the massbalance rider placed on the carricr with its c.g. 0.82"
forward of the aileron hinge line,

For a particular massbalance condition i.c, aileron c.g., position,
the various wings are so related that the fluttsr equations are identical
apart from the aspect ratio cffects on the serodynamic coefficients., The
fact that the natural frequencics of the wing in roll and pitch were
measurced at o particular messbalance condition decos not imply that the
relation holds only for this condition. The rclation holds for all mass-
balance conditions but the cquations for cach massbalance condition will
bo different,

The tests were made with the aileron free and with various mass-
balance conditions. Readings were taken (1) with only the carrier fitted
and (2) with the rider fitted on the carrier at various positions along
the srm, For cach of these conditions mcasurcments were mede of flutter
characteristics for the binary typces of flutter wing roll-aileron rotation
end wing pitch aileron rotation and of the tcrnary wing roll-wing pitch-
aileron rotation.

Flutter speeds and froquencics werce measured for cach wing, the
speed being that at which the oscillation just dicd out as the tunnel
speed was reduccd. As some of the fluttor speods wore unusually low and
below the accurate colibrated value for the tunnel, measurements of all
speads were made using o Chattock gouge.

3 Results

The results of the wind tumnel tests are plotted in Figs 3-8. In
Figs 3-~6 flutter speed and frequency are plotted against the reciprocal cof
aspect ratio and in Figs 7 and 8 flutter specd is plotted against massbalance
position for each of the wings in turn.

The investigation was divided into three distinct parts, depending on
the degrees of freedom of the system that werc allowed. Thesc were

(1) Wing roll and aileron rotation
(2) Wing pitch and aileron rotation

(3) Wing roll and pitch and aileron rotation
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31 Wing roll-aileron rotation

The variation of flutter speed and frequency with aspect ratio for
this type of flutter is shown in Fig,3. It was found that the flutter was
quite mild and could be allowed to continue right through its speed range
so that an upper bound to the flutter was obtained. Flutter frequencies
are only plotted for two massbalance conditions to avoid confusion in the
figure.

It was found that the uppoer critical speeds were sensitive to damping
in the aileron degrec of frecdom, The aileron smplitude near the upper
critical spced is extremely small and the aileron inertia at similer ampli-
tudes in the wind off condition is insufficient to overcome even the small
amount of friction present in the aileron bearing. Too much significance
should not therefore be attached to these upper critical speeds; the upper
bounds are indicated by a broken line to indicatc the uncertainty sbout
the aebsoiute velues,

It can be seen that for certain massbalance conditions, as the aspect
ratio increases there is a limit beyond which flutter of this type does
not occur, The tests indicate that for increasing massbalance the limiting
aspcet ratio decreascs, The limiting aspcet ratio is slightly less than
Ly when the ailcron is 59}: statically balanced decreasing to just greater
than 3 as the balance rises to 64ji. No nose to the flutter speed curve was
found when the aileron static balancc was less than 594, the trend of the
rzsults indicates that limiting finite aspect ratios should exist but no
values can be assigned to them,

It was considered that the extremely low Reynolds number at which the
tests were oonducted (between 345 X 10% and 24.5 x 10%) could be producing
some unwanted aerodynamic effect. The roll-aileron rotation flutter tests
were accordingly repeated with transition wires fitted to the wing, this had
the effect of increasing the width of the flutter band and meking the flutter
more violent. The general shape of the flutter speed curve is, however,
uraltered and in particular for the higher values of mess ‘balance a limiting
asvect ratio exists above which flutter does not occur.

3,2  Wing pitch-aileron rotation

The variation of flutter speed and frequency with aspect ratio for
this type of flutter is showvm in Fig,lk. Flutter speed increascs lireasrly
with decrcasing aspect ratio; the frequency remains approximately constant
as the aspect ratio increases from 2 to L4 but for larger values graduslly
decrcases, In the range of aspect ratios cxamined the flutter speed can
be expressed by a rclation of the form V = Vo £(A), where Vo is the
cxtrapolated cxperimental value for the two-dimensional case* and £(A)
is a function of aspect ratio., The particular form to be assigned to the
function f depends on the massbalance condition and several values are
given in the figure., However, for the range of massbalance considered a
rcasonoble average volue of f£(A) is f(A) = 1 + 4.25/A,

Wing pitch~cilecron rotation type flutter occurs at higher speeds
thon the other type for all the wings tested.

3,3 TWing roll-wing pitch-aileron rotation

When both of the wing degrees of freedom were allowed together with
aileron rotation, two forms of flutter were obtained closely resembling the

* Tt should be noted that extrapolation of the results beyond those
for the wings of highest aspect ratio tested may not be justified.
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types of binary flutter considercd above, The mainly wing roll-aileron
rotation type flutter was excited first, and then at higher speeds whilst
this type of oscillation persisted, a further disturbance would excite the
wing pitch-aileron rotation type flutter, which then became dominant., The
vorioations of flutter spoed and frequency of these types of flutter with
aspect ratio are shown in Fig.5 and 6.

When the rider was fitted so that its c.g. was 1.,12" forward of the
eileron hinge line an instebility of the roll-aileron rotation type was
obtained involving large wing amplitudes. It was impossible to ascertain
whether this was flutter or not as the rig immediately "hammered" against
the amplitude limit stops, This phenomenon was not noticed for the binery .
system, Otherwise the flutter speeds and frcquencics for the wing roll-
aileron rotation type flutter are practically the same as thce correspond-
ing binary ones, The same doubts exist sbout the accuracy of the upper .
critical spceds for this ftype of flutier as werc mentioned in conncction
with the binary flutter,

The results for the wing pitch aileron rotation type flutter are
shown in Fig,6 and ere very similar to those for the corrcsponding
binaries, Flutter speeds for the ternary are greater than those for the
binary having the samc massbalance conditions., The slopes of the lines
representing the increase in flutter speed with decrcase of aspect ratio,
decrease as the massbalance is reduced and they arc greater than those of
the corresponding binary case,

The regions in which the two types of flutter are possible are over-
lapping for certain massbalance conditions, and it is possible to have
both types occurring at a particular speed. TFor an aircraft, only the =
lower bound is, in general, significent and there will be a transition
from one form of flutter to anothecr, the transition point being at a
particular massbalance condition (corresponding to the nose of the wing -
roll-aileron rotation type flutter (Figs 7 and 8) of the tests) which
depends on the aspect ratio of the wing in question.,

344 Comparison with theory

The fact that a decrease of aspect ratio could increase the danger
of a mild aileron flutter has becen noticed proviously by J ordan® in some
flutter calculations on & similar system to this. To o certain extent this
is conf'irmed by those tests i,¢, for certain massbalance conditions a
limiting aspect ratio exists abowve which flutter will not occur, Flutter
calculationsg for the roll-aileron rotation binary using two dimensional
derivatives® do not give agreement with the trends indicated by these
measured results, These calculations show that o fluttor specd exists for
the infinite aspcct ratio wing for all massbaleonce conditions between that
in which no rider is carricd ond that in which the rider is 0,82" forward
of the aileron hinge line, For morc forward massbolance positions no
flutter spced exists for the two dimensional casc.

Attempts to predict the flutter chorocteristics for the finito aspect
ratio wings using two dimensional derivatives factorsd by the previously
detormined aspect retio corrcctionZ for the mein surface and the full
values for the control surfacc, gave generally poor agrecment for the lower
critical specds and the upper critical specds were very much lower than
the measurzd ones. (There is doubt ebout the accuracy of the moasured
upper critical speeds though), The upper and lower bounds of the flutter
speed curve are roughly porallel with the aspect ratio axis, The
theorctical results obtained for the no rider casc sarc indicated in Fig.3.

Speculation arises as to what is the causc of the discrepancy between

celculation and practicec, The introduction of structurcl damping into the
flutter equations will cventually climinate flutter in the infinito aspect
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ratio case but the amount of damping required in the aileron degree of
freedom to achieve this is prohibitively large and such an emount of
damping is certainly not present in practice.

Flutter calculations for the binary pitch-aileron rotation type
flutter gave very poor agrecment with the extrapolated experimental
values for the infinite aspect ratio case and the theoretical work was
not continued further than this,

L Conclusions

Two types of termary control surfacc flutter were cheracteristic of
the system considered here, one in which the main motion was roll of the
wing and control surface rotation and a second in which the main surface
motion was predominantly pitch. For 2 particulsr massbalance condition
both types exhibit an increase of flutter spced with decreasing aspect
ratio, the increase being slight for the first type. 4 linear increase
was found for the sccond type of flutter, which could be expressed in
the form V = Vo £(A), Vo being the extrapolated value for the two
dimensional speed and A the aspect ratio, which was valid over the
range of aspect ratios tested,

Some confirmation is provided by these tests of an carlier theoret-
ical conclusiond that a decrease of aspect ratio can increase the probabil-
ity of encountering & rcgion in which a mild aileron flutter occurs, The
limiting aspect ratio below which flutter occurs depends on the amount of
massbalaonce carried by the control. Increase of percentage static balance
has quite a marked effect on the first type of flutter, the flutter
eventually being eliminated; for the wing of aspect ratio 2 this occurs at
705 static balance whilst for that of aspect ratio 4 it occurs at 59,

The effect on the second type of flutter is a gradual increase in flutter
speed with increasing massbalance,

It is rcasonable to expect that the results obtained will be appli-
cable qualitatively to control surface flutter in general, where the
aileron will not be free as in this case,
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