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SUMMARY

Tha popsr cents results of wind tunnel flutter tests uwing a wing~
tileron~-tab model on which it was possible to represent any of the following
vnb systens; spring, geared, trim or servo. Prediction of the flutter
chrracteristics hes been made in the trim tab case using three sets of aero-
dynaric derivatives and fair agreement has been reached with the measured
charecteristics. A comparison has also been made of the measured character-
1stics with those predicted by the latest fiutter criteria and possible
nodifications to the basic flutter frequency assumption used in deriving the
criteria are discussed. One modification suggested is such that the basic
flutter frequency is virtually dependent on the frequency in a single degree
of {rcedom. The craiterion form that results from such a single frequency
opproximation is invesiigated.
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1 TWNTRODUCTION

A number of flutter incidents over the past decade have involved flutter
of a control surface-tab combination. The work reported in this note on a
model wing fitted with aileron and tab i1z complementary to earlier general
theoretical investlgatlons1:2:3:4 on the flutter of tab systems.

The model was virtually rigid and had freedom in roll at 1ts roct., It
carried an aileron and tab whose circuit stiffness characterastics could be
varied by suirtable torsion sprangs. Helical springs governing the oscillatory
rolling motion of the model could alsoe be varied. Provision was made for mass-
balancing both control surfaces and for variation of the gearing between tab
and alleron motion.

The model provided a system whose inertia and elastic properties wers
known accurately and in which elastrc properties could be readily varied.
Controlled structural information was thus available for inclusion ain a flutter
caloulation and the magnitudes assigned to ihe oscillatory aerodynamic forces
were consequently the most doubtful features of the calculation.

Two basic ways of' determining the aerodynamic forces were employed. One

way was to use the available experimental data for oscillatory derivatives.

Two different sources of this information were availasble. One source concerned
a wing of the same aspect ratio fitted with a full-span aileron only. The other
source concerned a two-~dimensional wing having a full-span aileron and tab.

The controls ain these two sources did not have the same chord ratics as the
model considered here, and somewhat arbitrary factors were applied to these
derivatives in order to obtain a set appropriate to this model.

The other way of determining the aerodynamic forces was an empirical
method of estimating the oscillatory derivatives, suggested by Guyett” during
the course of the flutter calculationa. It anvolves the use of steady motion
derivatives, and these were determined in two ways - by measurement and by
estimation. The methods employsd to measure the steady motion derivatives
were as follows. Normally the moment nceded to balance the applied sercdynamic
moment for a set control angle at a particular wind speed was measured.
However, for the control deravaiive due to rotation of the same control, the
derivative was determined additionally from a knowledge of the wind speed at
which the control was blown back through a predetermined angle against the
action of a spring inserted in the control hinge. For the estimation of the
steady motion derivatives for use in the Guyett method well established
techniques were employed.

The experimental results also provide a basis for comparison with the
latest approxamate formulae for [lutter prediction due to Molyneux6. The
comparison has been made using two of the sets of aerodynamec deravatives
mentioned above. As a result some comments are made on the efficacy of the
formulae in determining the binary flutter boundaries. Molyneux suggests that
modafiications may be required to the basic frequency approximation on which the
criteria depend for particular binary systems and this suggestion has been
wnvestigated, The form of criterion that results from a somewhat different
Tlutter frequency sprroximation to that adopted by Molyneux has been derived
and applied to this system.
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This introduction outlines the scope of the work reported on in the note.
Secticns 2 and 3 are intended praimarily for the specialist reader and describe
1in somc detarl the work done and the results obtained. The conclusions from the
work are given in Section 4 and non-specialist readers may prefer to pass to
thas section immednately.

2 EXPERIMENTAL INVESTIGATIONS

2.1 Descrivtion of rig and model

Tha rag arnd modsl are sketched in Fig.1 and the main dimensions of the
wing are given in Table 1. The model half wing was mounted vertically above a
reflector plate (not shown in FPig.1) and was free to roll about its root end.
An approx_mately half span aileron and one third span tab were mounted out-
brard. The waing was solid, made from spruce with a main spar of steel channel.
Tive plywood ribs hung on a dural tube formed the framework for the aileron
7hich had a hollow plywood nose. A solid cedar block pinned and glued to the
Jurshest outboard ribs formed the trailang edge of the section of the control
not containing the tab. The aileron surface was of fabric which was doped to
71ve drum tightness. The tab consisted of a dural tube, forming the nose
s26tion, to which was giued and screwed a shaped balsa block to form the
iralling edge. Both aileron and tab were free to rotate on ball races and
fricticn danping was small.

e wing narn spar had an extension member below the roll axas and
he'ical springs from this member o the mounting frame provided stiffness in
ruli. The most general tab system that could be represented on the model had
toe shyrang connections K, KB’ KG shown in Fig.2. By including suatable

epenaticns of these springs the following systems could be simulated. Thus,
inen

Y

K, exd K, "ere included. A geared tab system was represented.

Trrg KA represented the stiffness of the control circuit operating the

ctrol surface. KAL 1s normally large compared with KC'
4
(2) K, and K, were included. A trimmung tsb system was represented,
EA again represented the stiffness of the control eircuit operating the
control surfacc. KA 15 normally large compared with KE.

(3) KC only was included. A pure aerodynamic servo tab system was

snpresented when the follow up ratio was positive.

@) X,
rivz—tab system can be represented in several ways, perhaps the most general
wrengenent being that shovm in Ref,3. There was no direct equality between
any one spring of this system and those of the general spring tab system, but
che corbined effect of the springs was to provide an elastic matrix which could
we daresily related to that for any spring tab system.

KB’ K.C were 1ncluded. A spring tab was represented. The
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The follow up ratioc 1s defined as the ratio tab angle/aileron angle when
the aileron 1s rotated with the tab control lever held fixed by an infanirtely
stilf spring KC. Tor 2 trim tab, however, 1t is physically pocssible to move

the control without producing any rclative motion of the tab and in this sense
the {oliow up ratio 1s effectively zero,.

Provision was made for mass-balancing Loth the aileron and tab. Aileron
mass-balance was effected by addaing weights on an arm forward of the hinge
line. The mass-balance weight oscillated i1n a cut out 1n the wing and was
shaped so that i1ts intrusion into the airstream affected the flow as little as
possible, Tab mass-balance was in the form of dural, steel or lead guadrants
bolted to a wheel whose centre was concentric with that of the tab tube and
which was bolted to it.

The tab wheel was comnected tc a lever which had independent freedom in
rotation about the aileron hinge line (Flg.B). Incorporated in the lever were
two attachment points, one esach side of the arleron. The connection between
aileron and tab was by means of a wire Jjoining the attachment points and passing
around the wheel rim. The wheel was burlt up of several discs of varying radii
and by passing the wire around the rims of these, several gear ratios between
aileron and tab were obtained,

2.2 Wind tupnel measurements

2.2,1 Flutter tests

Tests were made over a wide range of the available varzables., Rolling
frequency was varied between 1.1 and 5.6 c.p.s., uncoupled aileron frequency
between O and 18 c.p.s. and uncoupled tab natural frequency between O and
16,6 cup.s. In the tests the steel tab mass-balance weights were situated in
their furthest af't position. No mass-balance was fitted to the aileron. The
follow up ratios adopted for the tests were N = %3 and for the trau tab case
N = 0. IFlutter speed was measured in all the tests and some readings of
flutter freacucncy were taken.

2.2.1.1 Flutter test results

The results of the flutter tests are shown in Pigs.t-17. TFigs.l-8 show
the results of the tests in which therc was no gearing between the tab and
aileron motion (trim tab). The cffect of reduction in uncoupled aileron
frequency i1s shown progressively moving from Fig.h to Fig.8. Bach figure shows
graphs of critical flutter speed plotted against uncoupled tab frequency for
several values of uncoupled roiling frequency. 4 particular feature of the
tests was the ease with which particular types of flutter could be subdued to
enable other flutier branches to be followed ainto doubly unstable regions.,
This assisted in subsequent interpretation of the results, and 1s 2llustrated
in the figures by overlapping flutlter boundaries. In discussing the results
attention 1s concentrated on the lower flutter specd boundary.

Fiag.4 shows that two types of flutter were found at this value of aileron

natural frequency (16.2 CeDeB.). Arleron rotation-teb rotation type flutter
occurred for all values of rolling freouency and the critical speeds were
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independent of rolling frequency. The minimum flutter speeds for this type of
flutter were associated with a tab freguency of approxamately 12 c.p.s. The
second type of flutter found, occurring at much lower speeds, was wing roll-tab
rotation and this existed for tab frequencies below the rolling frequency
except for the lowest rolling frequency case tested. It seems likely that the
small amount of damping in the tab bearings was sufficient to suppress the
fiutter in the latter case.

The reduction in aileron frequency to 8.8 c.p.s., Fig.b, had little
eff'ect on the overall picture but two points of dafference occurred. Lower
flutter speeds were obtained for the aileron rotation-tab rotation type flutter
and the minimum flutter speced occurred at a tab frequency of approximately
7.5 CePeSe

There were further points of dafference in the results for tests with
arleron frequency reduced to 5.9 c.p.s., Fig.6. The wing roll-tab rotation
type flutter had now been replaced by & ternary wing roll-aileron rotation-tab
rotation flutter, The limits of this ternary type were, however, much thc same
as the binary type 1t had replaced. The minimum spced of thc aileron-tab type
flutter generally now occurred at a tab frequency of approximately 2.5-3.0 c.p.s,

The results for the tests with an aileron freguency of 3.6 c.p.s., Fig.7,
were more complicated. Vith roll frequencies of 1.1 c.p.s. and 2.3 c.p.s.,
only eileron rotation-tab rotation type flutter was obtained, the flutter speed
increasing with increasaing tab frequency. At a roll frequency of 3.5 c.p.s. the
flutter at low tab frequencies was initially of the ternary wing roll-aileron
rotation-tab rotation type, changing 40 aileron rotation-tab rotation flutter
as the tab frequency increased; at a tab freguency of about 10 c.p.s. a wing
roll-gileron rotation flutter branch was obtained at a speed considerably lower
than the aileron rotation-tab rotation type. For higher roll frequencies the
Tlutter was of the aileron roiation-tab rotatron type at low tab frequencies,
changing to the wing roll-aileron rotation-tab rotation type and then to the
wing rolleaileron rotation type as the tab {requency increased.

The results for a free ailcron are shown in I'1g.8., For all rolling
frequencies the patterns obtained for aileron-tab flutter were similar. In the
lower rolling frequency cascs the flutter wes inaitially of the ternary type
changing to wing-aileron as the tab frequency increased, but without any
gignificant change of flutter speed. For thc higher rolling frequencies
(4.8 and 5.6 c.p.s.) this pattern was modified by a lamited rcgion of aileron-
tab flutter that occurred for tab freguencies near zero.

It should be noted that the distinction between two tywes of {lutter
which merged into one another was largely a visual one. Thus, the apparent
change from wing-aileron-tab flutter to wing-aileron flutter notcd above may
have been due to the amplitude of tab vibration in the ternary flutter becoming
cxtremely small for the higher values of tab circuit stiffness.

The results of the tests in which the follow up ratio between aileron and
tab was +3 are shown in Fags.9-13 (servo and geared tabs)., These results are
not directly comparablc with the zero follow up ratio case as the wing to tab
connecting spring makes a coniribution to the aileron stiffness. Table 2 gives
the arleron and tab natural frequencies corresponding to various combinations
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of the connecting springs. Thus, for the no aileron spring case, the alleron
natural frequency varies between zeroc for the free tab and 7 ¢.p.s. for the
wing to tab spring 7T.

Results for the no aileron spring case are shown in Fig,9. At the
lowest rolling fregquency the flutter was meinly bainary aileron rotation-tab
rotation but at lower tab frequencies both binary wing roll-zileron rotation
and ternary flutter were found at extremely low speeds. For the next higher
rollaing frequency the flutter was of the ternary type, again at very low
speeds, At the higher rolling frequencies the flutier was mainly ternary type
but at low tab frequencies binary aileron rotation~tab rotation flutter was
Tound.

The results for the tests in which the wing to aileron connecting spring
14 was used are shown in Pag.10. For low values of rolling frequency flutter
wag usually ailercn rotation-tab rotation type, the critical speed increasing
with tab frequency. A4t higher rolling frequencies the flutter was generally
of the ternary type but at the highest rolling frequency a region of aileron
rotation-tab rotation flutter was obtained at low tab frequencies.

The resultos for tests in which the aileron to wing connecting spring 24
was used are shown in iig.i1. Binary alleron-—tal flutter was obtained for all
combinations of wing rolling and tab natursl frequencies.

A Turther incresse in the stiffness of the aileron connecting sprang
produced results which are shown in Fig.42. Binary aileron-tab flutter
occurred for all values of rolling frequency, but at the higher values of
rolling frequency and the lower tab frequencies, a regiron of binary wing roll-
tab rotation flutter was also found. The extent of this flutter region was
governed by the rolling frequency.

Test results for the highest stiffness airleron comnecting spring are
shown in Fi_ .13, they are similar to the preceding set in respect of the
flutter types obtained. Ilutter of the wing-tab type was obtained at a lower
reolling fregquency than i1n the nrevicus case and there was no overlapping of
the flutter bands.

The results of the tests for which the follow up ratio N between arleron
and tab was -3 are shown in Izgs.1li to 17.

No results are plotted [or the no aileron spring case as in all the tests
apart from the no tab spring case, divergence of the aileron-tab system occurred
which was limited Ly the stops on aileron movement. At this aileron position
a vibration of the tab took place which was probably due to the stalled {low.

The results ol tests with aileron connecting spraing 1A fi1tted are showm
in Figeldk. A reglon of aileron-tab flutter was obtained for all roll
frequencies, a region of ternary flutter was obtained for tab frequencies near
zero {or roll frequencies of 2.3 c.p.s, and 3.5 ¢.p.s. and a further region
of ternary flutter was obtained at haigher tab frequencies for the ithree haghest
roll frequencies. With tab frequencics ebove about 10 c.p.s. sileron-tab
divergence occurred at a speed of about 50 f1/sec and the stalled type flutter
was then found.
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The results of tests with the next staffest aileron spring (2A) fitted
are shown in Fig.15. At low rolling frequencies, only aileron-~tab flutter was
found but as this fregquency was increased the ternary type flutter appeared at
hzgh and low tab freguencies. The aileron-tab typc remained at intermediate
tab freguencies.

Test results for the aileron connecting soring 34 fitted are shown in
Fi1g.16. The results are broedly similar to those for spring 24 (Fig.15)
except that the branch of ternary flutter at high tab frequencies 1s eliminated
and that at lower tab frequencies changes to binary wing=-tab flutter.

Similar remarks apply to the results for tests with the highest stiffness
aileron spring shown in Fig,17.

e may summarise the test results as emphasizing the complexity of the
flutter problem for & three degree of freedom system of this type. Large
changes may be produced in the flutter characteristics by changes in the follow
up ratio between aileron and tab, by variation of the carcurt staffnesses of
aileron and tab and of the stiffness in the main surface mode of vibration.

2.2+2 Derivative measurements

In view of ihe uncertainty over the absolute values of some of the
oscrllatory aerodynamic derivatives due to aileron and teb rotation, which
were to be used in the associated theoretigal work, it was decided to obtain
these using the method suggested by Guyett5. To apply this method it is
necessary to know the corresponding steady state derivatives and tests were
made to determine these.

The particular oscilletory derivatives in question were &B, &Y, hﬁ’ hY’
tﬂ’ tY and the corresponding damping derivatives (see Table 4 for values of

these derivatives). The 1ift derivatives £, and &Y were determined from

C

measurements of the restoring moment required to hold the wing in the neutral
nosition against the rolling moment resulting from a set aileron or tab angle.
The force which produced this restoring moment was applied at a point 19.75 in.
below the wing rolling axis. Tests were made for several control angles and
wind speeds and from the results graphs of rolling force against control angle
were plotted. The rolling moment due to applied aileron wes determined with
the tab locked to the aileron and that due to the tab with the aileron locked
to the wing.

Similarly, thc hange moment derivative, hY was determined from measure-

ments of the moment necessary to hold the aileron an its neutral position agasinst
the hinge moment resulting from a set teb angle. Tests were made for several tab
angles and wind speeds and from the results graphs of aileron force against tab
angle were plotted. In these tests and all hinge moment tests the wing was at
gero incidence.

The hinge moment derivatives hﬁ and tY were detcrmined from measurements

of the moment needed to balance the aerodynamic hinge moment due to control
displacement, The results of the tests were plotted as graphs of applied force
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against control angle, TFurther tests were done in which the tab hinge moment
was measured by determining the wind speed at whaich the tab retwned to a
datum position slightly displaced from the neutral having been offset in the
wind-off condition by a known disturbing force acting against a spring. Thas
last set of tests was done as a check on the results of the first series of
tab hinge moment measurements which showed a good deal of scatter.

Attempts werc made to measure the tab hinge moment due to control
rotation but were not successful. The moment was very small and ithe results
were too inconsistent to provide a satisfactory basis for estimating an
oscillatory derivatzve.

2.2.2.1 Results

The results of the experiments to determine the steady state deraivatives
are shown in IFigs.10 to 23 inclusive.

Tests were made with and without trailing edge wires fatted to the tab.
At the commencement of the flutter tests little daffercnce could be detected
in the [luitter characteristics with and without the wire fitted and an
conseguence all subsequent tests were made wathout trailing edge wire. However,
the best results for the rolling and hangc moments were obtaincd wath trailang
edge wire fitted to the tab. The besl results were taken to be those which
had least scatter and indicated some degree of non-linearity of the appropriate
forces and moments over the control angles near to neutral. The largesi
amounts of secatter were associated with the small tab disturbing force due to
tab angle at the speeds at which the tests were made., In both this case and
that of the rolling force due to tab angle, the force for nominally no tab
angle was finite. The measurements of the tab hinge moment using wind speed
as a variable produccd belter results an that scatter was reduced and a zero
hinge moment for zero tab angle could be interpolated.

A sct of deraivetives appropriate to the oscillatory case were determined
from these results using Guyett's method® in which aerodynamic stiffness
derivatives depend on the rate of change of thc appropriste steady motion
rolling and hinge moments with control angle. Table 3 gives the values of the
neasured steady motion derivatives, expressed in the flutler notation for zero
frequency parameter, and compares them with those calculated from the inform-
ation ziven in Refs.7 and 8. It can be seen that in all cases but one the
predicted values are greater than those measured.

3 THCORLTICAL TNVESTIGATIONS

3.1 Flutter calculations

Calculations were made initially using two sets of aerodynamic derivatives
and these were:-

51) A sct based on a series of derivative measurements by Molyncux9 and
Waght10 modified for sspect ratio (Method 1) in the manrer outlined below (a).

and  {i1) A set based largely on steady motion aerodynamic derivatives measured
on this wing (Method 2), outlined at (bg below,
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(a) The measurements made by Molyneux were for a wing of the same aspect
ratio as the one on which these tests were made, but which had a 2074 chord full
span alleron. Wight's measurements were on an effectively two-dimensional wing
having & 20/ chord full span aileron and 8% chord full span teb., For the
calculation the derivetives 6z, 62, hz’ were taken directly from Molyneux's

work. The values assigned to 3B and hB were obtained from Molyneux's work by
taking account of the different values of aileron chord EB and the fact that

the aileron spans were different for this model and his. The factor to take
aocount of the difference in aileron chord was assumed to be the ratio of the
two-dimensional theoretical values of the derivative at a particular freguenoy
parameter and the appropriate values of chord ratic while the factor to take
account of difference in asileron span was based on the assumption that the

2
. . . 0.8 ~ aileron span
derivative was inversely proportional to (} + n ) ; where A = 2 x e otord

Values of hY’ tB and tY were obtained from Wight's measurements by factoring for
EB, the tab chord EY and aspect ratio in a similar manner. The remaining stiff-

ness derivatives were obtained from theoretical two-dimensional values at the
appropriate frequency parameter modified for aspect ratio.

Damping deravatives were obtained in a similar way to the stiffness

derivatives, the aspect ratio factor here depending on {1 + Qig .

() Oscillatory derivatives, appropriate to a frequency parameter of
zero, were obtained from the steady motion hinge and rolling mements by equating
these to the corresponding moments expressed in terms of a flutter derivative,
Thus for example,

Steady aileron hinge moment per unit tab angle = sz sci (-hY)dn .

tab

Having obtained the zero frequency parameter flutter derivative the next step
was modification for frequency parameter effects. The modification depends on
the derivative. Ior the derivatives (-hﬁ)’ (-hY) and (-tY) the zero frequency

parameter derivative was multiplied by the ratic of the two-dimensional
theoretical value of the derivative at the appropriate frequency parameter to
that at zero to give the value used in the caloculation. The damping derivetives
corresponding to these stiffness deraivatives were obtained by multiplying by the
ratio of the theoretical two-dimensional damping to stiffness deravatives at the
appropraate freguenoy parameter.,

The derivatives &5 and &Y were obtained by a somewhat different procedure.

The zero~frequency parameter derivatives were multiplied by the ratio of the
cquvalent constant strip derivatlvess, for a wing of this aspect ratio, at the
appropriate frequency parameter to that at zerc. The corresponding damping
derivetives werce obtained from the stiffness derivatives by muwltiplying by the
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ratio of the equavalent constant strip damping to staffness derivatives at the
appropriate frequency parameter.

The values of 62 and ﬂé measured by Molyneux were used directly in the

calculation., The derivative t, was given the value obtained from Wight's

8

nezsurements and the damping derivative likewise. Other derivatives were
assigned values as follows - all sti:ffness derivatives depending on vertical
translation z were made zero following a suggeslion by Minhinmick!?. The
corresponding damping derzvataives, whinh 1n both Minhinnick's and Guyett's
theories would be put equel to the corresponding stiffness derivative due to
pitch of the main surface vere in fact put equal to zero, The effect on the
flutter coefficients of making this approximation was negligible.

The two sets of deravatives are compared in Table 4 together with a
further set in which the aspect ratic correction factors (Method 5) are based
on that of the portion of the wing including the appropraiate control rather
than the control itself {(Method 1). It can be seen that the latter set 1s in
better agreement with the derzvatives obtained from the steady motion
measurements (Method 2).

In both sets of calculations elastic coefficients were put equal to the
direct ilnertia coefficients mulitiplied by the square of the natural frequency
in the appropriate degree of freedom,

It was apparcal when the calculations were completed that, ain general,
the derivatives based on the measured steady motion derivatives yielded the
better agreement with measured characteristics but that neither gave very good
agreenent for flutter speed. Calculated speeds tended to be higher than the
experimental values. The fact that Method 2 deravatives are superior to
Method 1 is probably due to the fact that they were o nore consiatent set.

The amporiant derivatives were actually measured on this wing whereas with
Method 1 the derivatives were obtained from measurements on two different
models and somewhat arbitrary factors were applied to these measurements an
order to obtain derivatives appropriate to this model.

In order to obiain better agreement for flutter speeds, 1t seemed likely
that a set of derivatives was reguirea that had larger values than either of
the zets considered sbove. One possioility was to use the set based on
predicted steady motion derivatives; we nave already noted, para.2.2.2.%, that
these are in general larger ithan the corresponding measured values, A second
possibilaity was to usc ilhe measured siendy values but instead of tskang values
of hinge moment oand rolling moment per wnit control angle over the linear
porticons of the curve as haé been done previously to tale the slope of the
curves corresponding to sero incidence, In view of the fact that moments for
small control angles had 1o be 'ntercolated 1t was decided that this procedure
dad not provide a suf'ficiently farm basis for establishing a set of derivatives
in thas anstance and accordingly the predicted steady motion set was used., It
18 felt that, 1n a particular case, 1f moments corresponding teo small control
angles can be determined then the slopes over the central region of control
angles will provade the best basis for determining an oscillatory set of
derivatives.



The results of the flutter calculations on the trim tab system based on
Method 2 derivatives and the predicted steady motion derivatives Method 4 are
nlotted, together with the experimental results, in Figs.24 and 26,

3.2 Comparison of experaimental and calculated results

Calculated flutter speeds are plotted for a limited number of wing
rolling and aileron natural frequencies, but these are sufficient to show the
trends of the results.

Tig.24 shows the results corresponding to an aileron frequency of
8.8 c.p.s. The calculations are in general agreement with the experiment for
the flutter characteristics; the reservation that we noted in para.2.2.1.1
concerning identification of flutter types being apposite in this respect.
The tab frequencies at which the manima of sileron-tab flutter occur are
sredicted reasonably accurately by the calculations. Craitical speeds for this
type of flutter sre gencerally unconservative using Method 2 and conservative
using Method 4, this being particularly so {for the higher tab freguencies. The
iimiting tab frequency for the wing-(aileron)-tab flutter band is adequately
predicted but the speeds for low tab fregquencies are unconservative,

Fag.25 shows the results corresponding to an aileron frequency of
3.6 c.pes. The calculations predict the types of flutter obtained in practice
guite adequately for the cases considered. Both methods predict unconservative
speeds particularly for the ternary type flutter at the higher values of tab
Trequency. Method 4 leads to better agreement with the measured speeds for
both values of rolling frequency and predicts the bounds of the flutter types
in terms of tab frequency, rather better than Method 2.

T1g.26 shows the results corresponding to a free alleron. The agreement
in this case 1is signafiicantly poorer than for either of the cases where aileron
stiffness was present., Both methods predict a band of aileron-tab flutter at
low tab freguencies in the highest rolling frequency casec whach was not found
in practice. The predicted speeds of the ternary type flutter to which the
aileron-tab type changes are higher than the experimental, Method 4 giving
slightly the better agreement of the two, In the intermediate roll frequency
case Method & leads to the better agreement for flutter speeds, though here
again a band of aileron~-tab flutter is predicted at low tab frequencies.
Calculated results for the lowest roll frequency case show discrepancies from
the experimental results., In particular Methoed k predicts two bands of flutter
instead of the one continuous band found in the experiment. Flutter speeds for
higher tab frequencies are, however, in very good agreement with those measured.
Method 2 does predict this continuous branch but it gives unconservative speeds.

To summarise these comparisons. Both methods of calculation yreld
reaesonable approximations to the flutter types obtained in practice particularly
for the cases where sileron stiffness is present. The speeds calculated using
Method & are in rather better agreement with those measured than those obtained
using Method 2.

3.3 Comparison of the experimental results with some flutter criteria

Molyneux has suggested specific criteria formulated in terms of basic
structural and aerodynamic data, to define the bounds of wing flexure-torsion,
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win;, flexure-aileron rotation and wing torsion-aileron rotation {lutter. The
second and third of these have been adapted in the present investigation to
yield craiteria applicable to wing roll-aileron or tab rotation flutter and
ailleron rotation~tab rotation type flutter respedtively.

The craterie sdopted aref

(a) ¥Wing roll-control rotation

2
d. m k a,. p, % 2
6 r o, XZ*“(*'E@’EOXO {{l} = 0 (1)
mc xc \‘ C (o] [¢] QR.
\
0 \ a (hom) 2
where L = = -1 = po : - {:‘L] (2)
“n E2 n k2 R
s} [¢] &)

wing mass/unit length at reference section

and where mr

kc oc = radius of gyration of control section at reference axis
c, = control surface chord at refercnce axis
m, = control surface mass/unit length at reference section
X, 6, = distance of centre of gravity of control surface af't of hinge
line at refcrence section
E =c¢c /e
o = %/
o, = wing chord at reference section

V = flutter speed

Wy = wing natural frequency an roll

w, = control surface natural frequency
&O = aerodynamic deraivative for 1ift due to control surface rotation
(h.m)D = gerodynamic hinge moment derivative due to control surface .

rotation

It should be noted that these are not the exact forms given by Molyncux. He
includes a term in X in the oriterion equations (1) and (3) but 1t has been
found in practice that this term usually has little cffect on the craterion
bounds. In general the coefficient of X is small comparcd with those of X° end
the constant term and hence its effect on the solution for X 1s small. Unless
otherwise stated thas approximation has beer made throughout.
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and the subscripts w and ¢ indicate integration over the wing and control
respectively.

() Axleron rotation=tsb rotation

d,.,m k2k2 h

d,.h 2
13 A°A% 2 B _ 17 v
ES(ax ‘-1::‘;"-4)“‘2”’1 X+41-P°de2k2 B2 (dx kz) @
MyFp Xy + Ky ThACAA TR\ Py T Ky
h[3 d17tﬁ v 2 _
T =0 on Bl mE o \op) T 0 (3)
3Bk mBpldxy 4k
2
h d,. t 2
where X = (=)} -14+0p B -2 ¥ A ()
“a °la m E° K B k0 | \%
. SIS S S R B
0
and where E2 = EE = <§2>
A Air
0
-k (A
52 (@)
OT = tab chord
OA = aileron chord
¢ = wing chord
dcT = distance of aileron hinge line forward of tab hinge line

Subseript r denotes lengths at the reference section.
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4 " 2 [ 2
chdn [C dn CArlG an

d,, = e d, = ot d. = 4 = =

13 : 3 7 * 12 17
é oi dn CE /‘02 dn loi dn
A

and the subscripis A and T indicate guantities appropriate to the aileron and
tab respectively.

2
au) is plotted ageanst X 1s
1

& parabola and the criterion stipulates that points within this parabola are

those at which flutter may occur (uH being the uncoupled natural frequency of

the first of the binary modes). The method of applying the criterion 1s to

A graph of equations (1) or (3) in which <V

2
plot the variation of X with <§;> determined from equatilons (1) or (3) assuming
1

2

values of (%L> . The resulting curve represents the flutter boundary. Specds
r}

achieved at points on the flight envelope are used 1n equations (2) and (&) >

y

lae on or withain the criterion parabola then the oraticel flutter speed will be
schieved or exceeded at the corresponding points on the flight envelope.

determine the corresponding values of X, If the resulting points {X, (?L{>%}

Molyneux points out in his paper that the ultamate limitation on the
application of the criterion is how Justifiable 1s the basic assumption that
the flutter frequency is the root mean square of the uncoupled fregquencies.
He makes the suggestion that closer agreement for particular systems may be
obtained by assuming that the flutter frequency 1s given by

C C
CUS SO Y (i 2, 22 ]
w = [1 " B] {wi + " V2 + B(}b + i V2>

11 22 J

where B 1s a frequency weighting factor.appropriate to a particular binary
system -

W, w, are the uncoupled?ﬁétu}al frequencies of the modes

A C.. are the structural inertia and aerodynamic stiffnesc

A C
F N PR ) "
M7 Rgn St 722 coefficients of tle two modes
V-1s, the flutter -speed

Using this frequency approximation the most general form of the coriteraon
equation for wing roll-control rotation flutter for example becomes
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2

do m_ k d,. p_ £ 2
) AN x2+(1+3)52--’-°—-°--‘?--v- X
2 E m x uh
moxc c Cc cC

+(1+B)2{1 -M<l>2} = 0

EC mG xc wR

2 &, P (h.m)c v \2
Em k R/
c ¢ ¢

where X = G‘i)

The basic criterion 1s the specisl case of this with B = 1 and with the
X term omitted. A further reservation on the use of the craiterion is that 1t
may only be expected to produce satisfactory results when the basic aerodynamic
derivatives used in it are such that a full scale flutter calculation based
upon them will lead to good egreement between calculated and experimental
characteristics.

The model inertia characteristics have been used in the application of
the criteria and the results are shown in Figs.27 to 30. In order to make both
cbsoissae and ordinates on these graphs non-dimensional, ordinates have been

2

plotted as (-%—) where v = (;:L) » On each faigure the derivatives that have
R 1 r

been used to obtain the criterion and experimental bounds are indicated.

The result of the application of the c¢riterion to wing roll-asileron
rotation flutter (N = O) is shown in Fig.27 together with the corresponding
experimental results for aileron frequencies of zeroc and 3.6 c.p.s. It can be
seen that within the range that Molyneux consgiders his criterion to be valid
i.e. =0.5 < X < 0,5, hereafter called the central range of X, the agreement
between the experimental curve and the criterion curve is not good, particularly
in the negative range of X. 4An attempt has been made to improve the agreement
by applying the frequency weighting factor B = 1/10 and the appropriate curves
are shown on the figure (the effect of the term in X in the criterion equation
is negligible in this case too). The agreement 1s now very good in the positive
range of X both in absolute velue and shaps and somewhat improved in the
negative range. The frequencies found in practice are compared with those
estimated by the frequency epproximation, Method 4 derivatives, in Table 5 and
1t can be seen thet the arproximation with the frequency weighting factor
3 = 1/10 is a much better one.

The application of the criterdion to wing roll-tab rotation flutter (N = 0)
15 shown in Fig,.28 together with the corresponding test results for two rolling
freouencies of 4.8 and 5.6 ¢.p.3. The Method 4 derivatives are seen to give
relatively better agreement between experiment and criterion but the absolute
agreement 1s poor in both cases. The criterion has also been applied to the
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test results for thas type of flutter with follow up ratic N = %35 and 23 the
experimental results for these cases do not differ significantly from those
for ¥ = O the same general conclustons concerning agreement apply. IT we
restrict further consideration to the Method 4 derivative case then an
improvement in the agreement 1s obtained 1f we use a freguency weighting
factor B = 1/10, the criterion curve being widened somewhat. From Table 6 1%
can be seen that this change in frequency weighting factor may be justified as
the overall agreement with the measured flutter fregquencies 1s improved. In
view of the fact that the agrecement was st1ll poor in the negative range of X
1t was decided to iry a further variation in welghting factor and a value of

B = 100 was considered., The coefficient of X 1n the criterion equation is no
longer insignificant. A4 skowed criicrion curve resulis which xs cnown an Fig.20,.
Most of the flutter points now lie walhin the curve in the central range of X
but the shape of the curve 15 completely different from the experimental ones.
The flutter frequencies using this approximation are shown in Table 6 and they
are in very poor agreement with the measured values. From this point of view
there scems to be lititle jgustification for using thas weighting approximation.

The calculations indicate that the flutter i1s of a ternary type involving
alleron motion which reduces the binary speed although the {requency 1is
unaffected, It 1s to be expected that the agreement will be worse in this case
wherc we are using a criterion based on the assumption of binary type flutter
in erder to predict the ternary bounds.

Application of the basic craiterion to aileron-tab fluticr for thres
valucs of ailcron frequency is shown in ¥1g.29, the follow up ratio being
zero. The agrecment betwecen the experimental results and the eriterion using
Method L derivataives 1s a good deal better than using Method 2. We shall
restrict further discussion to thas case. COver the central range of X the
majority of the experimental points lle within or very close to the criterion
curve and the experimental curves have similar shapes to that of the criterion,
Minimum flutter speeds found in practice are of the same order as those
predicted by the criterion. The comparison in Table 7 shows that there would
be little point in attempting to aimprove the agreement by makang adgjustments
to the frequency weighting factor for the best agreement with the measured
flutter frequencies 13 obtained with B = 1.

The application of the basic criterion to aileron-tab flutter for three
wing-alleron connecting springs when N = +3 15 shown in Fi1g.30. In this
instance the criterion curve 13 defaned by the full quadratic equation,
including the term in X, which accounts for the skcwed form. Over the central
range of X the craterion curve exhibits the same trend as the experimental
results and the agrcement for flutter speed 1s quite good. Method 4 deravatives
lead to slightly the better agreement for the weakest connecting spring case
whilst for stiffer connecting springs both methods give conservative estimates
of the flutter bounds.

3431 Discussion

In para.3.> 1t 1s shown that it 1s possible to modify the basic criterion
by applying a weightihg factor B in the frequency approximation so that there
15 a better degree of agreement with the experimental flutter speed results
than the basic criterion gives. To achieve this improvement the weighting
factors that have been found necesscry for the systems studied (v = 0) are:-
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(1) Wing roll-aileron rotation flutter. B = 0.1. The use of this
factor is well justified on the grounds of the improved flutter frequency
approximation.

(2) Adileron rotation-tab rotation flutter. B = 1.0. No modafication
required.

(3) Wang roll-tab rotation flutter. (a) B = 0.1. The use of this
factor may be Justified on the grounds of the improved frequency approximaticn.
{v) B = 100, The curve defained by this value of B includes most of the
experimental poants over the central range of X but the use of this fector
cannot be justified on frequency grounds. We have noticed that there 1s doubt
about whether the criterion should be applied to this particular case and this
ghould be borne in mind when considering the two widely different values of B
at 3(a) and 3(b) above,

The use of the large value of B (= 100) leads to an extremely simple form
for the flutter fregquency approxaimation virtually dependent on the frequency

2
2 2 Sy ‘
of the second mede only so0 that w = w, + g (E) and it was decided to
22

investigate the criterion form th%t resulted from this approximation. It as
interesting to note that Pugsley1 suggested this form as & possible approxi-
mation to the binary wing flexure-torsion flutter frequency. A derivation of
this approximation is gaven in the Appendix, It is shown there that the basic

flutter determinant on expansion using this approximation becomesg:-

C

@ ERE . o

2

Ir [g;} 1s plotted against Y, the equation reduces to two straight lines.
1

Flutter 25 posaible an the area bounded by these two lines, In most binary

systems one of these lines will have positive Slope whereas the other will

have negative., Points between the latter line and the line Y = O are not

compatible with a resal physical system.

A possible simplified criterion may be formulated which states that the
area in which flutter may occur will be bounded by the two lines defined by
equation (5) providing that these are of positive slope., Should the slope of
either line prove to be negative then the line Y = 0 should replace 1t as a
criterion bound. A right hand bound for Y beyond which flutter will not occur
is defined approximately on the basis of the experimental results of this paper

by the line ¥ = 1,12 + 1$2§ + When using this criterion form for a particular
1
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binary system, the ratios of aerodynamic to inertia coefficients in equation (5)
above are replaced by the same simplified ratios that Molyneux adopts for the
corresponding binary cases.

The results of the application of thirs criterion to the binary flutter
cases we have gtudied 135 shown in Fags,3i1-34, For all these cases we are
replacing the second boundary lines, which have negative slope, by the lines
Y = 0. In the case of sileron-tab flutter (N = 0), Fig.31, most of the
experimentally obtained flutter points lie withir the bounds predicted by the
criterion. Method 4 derivatives lead to better agreement than Meihod 2. The
greatest variation from the oriterion bounds 1s for an aileron frequency of

2

5¢9 c.pes. where values of <§;> for values of Y > 1 are much lower than the
1

oriterion would predact,

Fig.32 shows the application of the criterion to the wing roll-~tab
rotation flutter (N = O) and 1t can be seen that the criterion bounds predict
the area in which flutter occurs quite well. The Method 4 derivatives yield
a somewhat better agreement to the minimum flutter speeds than the other set.

The results for wing roll-aileron rotation flutter (N = =3) are shown in
Pig.33. Method &4 and Method 2 derivatives lead to good agreement for the
flutter boundary,

Fig.34 shows the application to airleron rotation-tab rotation fiutter

(N = +3). Mo limiting values of Y can be assigned in this case as the aileron
freguency varies along each of the curves. The aileron frequency corresponding
to any point on the curves of the figure depends on the particular tab sprang
fitted. Method 4 derivatives yleld flutter boundaries that are in good agree-
ment with the experimental bounds, The order of agreement between the measured
flutter speeds and the boundary values 1s of the same order as that between the
measured speeds and the original criterion bound (F1g.30).

To summarise, one may say that this criteraon form provides a reasonable
approxamation to the flutter bounds for the types of flutter that have been
studied. The flutier frequencies obtained with the "single frequency" approach
are shown in Tables 5=7, and they are in poor agreement with the measured
values so that from “his aspect the criterion form 1s dafficult to justify.
Methed 4 deraivatives lead to better agreement for the flutter boundaries.

b CONCLUSIONS

Flutter tests have heen made on a wing-aileron-tab system in which the
effects of variation in the following parameters have been investigated.
(&) Main surface natural frequency in roll (b) Control surface natural
frequency in rotation (c) Teb natural frequency in rotatzon and (d) Follow up
ratio.

Four flutter modes of osc.llation of the system were found depending
on the values of the above parameters and these were the ternary and the
three binary types. The results provide a general indication of the behaviour
that may be expected with a practical wing-aileron-tab system in which the main
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surface motion is in the fundamental bending mode. They may not, however, be
applied directly to predict the flutter characteristics of such a system.

Supporting calculations have been made using sets of aerodynamic
derivatives based on (1) measured steady motion derivatives for this wing,
(2) oscillatory derivative measurements on this and a similar two-dimensional
wing and (3) predicted steady motion derivatives. The calculations showed that
this last set gave the best overall guide to the flutter characteristics of the
system but the first set gave a better agreement with experiment for the free
alleron case at low rolling stiffness. In general the calculations led to
unconservative estimates of flutter speed; the calculated flutter speeds were
in poorest agreement when the measured speeds were very low.

A comparison has been made between the experimental results and the
predictions of the latest flutter criteria. It has been found that by applying
weighting factors (B) in the basic frequency assumption on which the criteria
depend, tolerable agreement between the experimental results and the criteria
can be obtained. The basic frequency approximation is

C C
2 1 {2 11 (2 22V2>}
w = w 4 emm— +Bm o r—
1+ 8B 1 Aﬂ1 o] 2 A22 c

and a value of B = 1 was considered appropriate when the criterion was first
proposed. For the flutter types found in this investigation the values of B
that led to the best degree of agreement for flutter speed were:-

(1) Wing roll-aileron rotation flutter, B = 0.1.
(2) Aileron rotation-tab rotation flutter, B = 1.0.

(3) ¥ing roll-teb rotation flutter, B = 100,(This value of B was the
best conservative value for the determination of flutter speed, although a
value of 0.1 yrelded improved frequency approximations. )

A further investigation has been made of a criterion form depending on a
flutter frequency approximation based on the frequency of orie of the uncoupled
modes of a binary system. The flutter regions found in prectice all lay
essentially within the bounds predicted by thas form.
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MATN SYMBOLS

Follow up ratio and is defined as the ratio of tab angle to

aileron angle when the aileron 23 rotated with the tab control
lever held faxed

Flutter speed

Wing natural frequency in roll

Arleron natural frequency-

Tab naturael frequency

Uncoupled natural frequencies of a pair of modes
Structural.inertia coefficients of the two modes

Aerodynamic stiffness coefficients of the two modes

- 25 =



APPENDIX 1

DERIVATION OF AN APPROXIMATION TO THE FLUTTER FREQUENCY OF A BINARY SYSTEM
AND 178 USE N FOPMULATING A 5 “SIMPLE FLUTTER CRITERION

The flutter determinant may be written as

2,9 Ao+ b11 A+ Cip t ey, By Ao+ b12 A+ P = 0

2 2
a12 Ao+ b21 A+ 021 , a22 Ao+ b22 A+ 022 + c22

Expanding as & polynomial in A we have

4 3 2 _
po Ao+ p1 o+ p2 Ao+ p3 Ao+ ph = 0

Py = 8y Pop *+ 8pp Dyt 8yp Py P By Py

pp = 3y (g, +epp) + 0y By 4 ay5(ciy teyy) ma, 0p m Dy, oy may,©

=b b c -b

+ @) =By Sy m By Cpy

11 (000 + ©5p) + Byyloy

e
AN
I

p, = (o, * ey (op + €)= 01y 0

Wrating N = iv then the imaginary part of the equation grves

[
2 _ Py Dty t Sop) * Ppployy * o4q) = By O4p = Byp oy
1 Byq Dpp * 8yp By 85 Byy + 845 Byy
b12 b21 b22
and if we assume that the ratios T T are gufficiently small so
) 11 11 11

that they may be neglected then

2 oo * Cop 822 “% "

v = eIt Where 822 = e ——

%22 v
2
or uF = “; + —gg <V> .
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Appendix 1

The real part of the equation is

2\ & 5
(84855 8450V ’[:a11(°22 220 Pyybygt 8gyle, v e - 892%1 ” 12b21"a12°1é}”

+e__J)~c ¢ = 0

+ (o, +e,) (epre,, 12%21

and making use of the expression for frequency parameter v and with the assumption
ebove about dampings

(a,,a - 82 E22—.:---{-:;-2—22--a.(c +e..)+a. (c,. +e,.,)-a c. -a, c
11722 12 a22 1122 22 22711 11 1221 1212

C + e
o2 * Cop .
[ . } + (ogy +egy) (o, + 8p)) Cip€pq = O

2 2 2
or -~ a,;(c,n+ey) "[%22(011*'611) (epp+ py) m 2y (0, 4 0)y) O 622)32%}

2
*[("11“’11) (°22+322)'°12°21] G = O
2 2 2 2
2
or ~ a2 (o +f-2-2-f)2—0- +a,, (c,. +¢c.,) a c +a22w20
12 | %22 2 42 V%2 T o1/ Bop { Cop 2
2
©12 %4 Bp = O

af'ter some reduction this becomes

L o 2 2

D) o[ 1G5 @)
- a +{=~2a_ ~“<+a _(c . +c. )]|{— e
12 w1 12 355 12 12 21 (.013 m1

2 a L
: (022> ” :I(V>
+ -8 — + (C + C ) [s] -0 c T — = O .
[: 12 850 322 12 21 22 12 21 w1c

5 2
Writing Y = G) s
1
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Appendix 1

¢ c 2
2. [2 azzz _ <°12 . am)}(_g_) v
o0 \Fo 8o 1
C 2 ¢ c c c 4
{(,.g_e.) _o22 (“12+ 21)+_1.2__a1}(:_> -0
oo %42 B2 B/ o 84p ) \Wy
and this equation may be factorised
c 2 c 2
P E-E) @D E)])
Boo  84p 4 Bop 4o 1

The criterion is based on the above equation.
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TABLE 1

Structural details of wing-aileron-tab gystem (N = 0)

¥ing length, roll axis to tip = 3,04 ft
Wing chord = 1,5 1%
Wing aspect ratio = 4L.,05
Arleron chord aft of H.L. (circular nosed ocontrel) = 5.6 1n,
Tab chord aft of H.L. {circular nosed tab) = 1.4 1n,
Thickness : chord ratio = 0.15
Aileron span = 17.95 1n.
Tab span = 11,70 in.
Aileron limits {(m) = 0,501 to 1.000
Tab limits (n) = 0,515 to 0.840

m, = 1,01 1b/in.

m, = 0,08806 1b/1in.

m, = O.014kk 1b/in.

k, = 0.3577

k, = 0.4638

XA = 0,1813

X, = 0.1787

E, = 0.34

B, ;= 0.07
4 = 3,0
E2 = 0.25

perpendicular ddmstance from zoll axis to point on wing
wihg#span -

where 7
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TABLE 2

Aileron and tab natural freguencies corresponding to particular

springs making the wing to aileron and wing to tab connections

and for gear ratios of *3

oonngiziigfi;ring Nome | 1T | 27 | 30 | ar | 5T | 60 | 7T

Tab frequency (C.p.s.) 0 b2 5.0 | 6.5 11.2 | 13,0 [ 15.3 | 16.6
cogizﬁiiiéiigﬁzng Aizleron fregquencies (c.p.s.)
None 0 - - 2.2 3.8 L. 5.8 7.0
1A 3.6 3.6 3.0 4.0 5.0 5.8 6.6 7.8
2A 5.9 6.0 6.0 6.2 7.0 75 8.0 9.2
34 8.8 8.8 8.8 3.0 9.6 | 10.0 | 10.5 | 11.2
LA 16,2 | 16.2 (16,2 | 16,2 | 17.0] 17.0 | 17.2 | 18.0
TABLE 3

A comparison of the measured and predicted

steady motion derivatives

Derivative Experimental | Predicted
value value
66 0.6006 0.8953
eY 0.2061 0.5043
(—hﬁ) 0.01056 0.02253
(—hY) 0.0239% 0,03414
('tv) 0.001209 0.001037
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TABLE 4

The oscillatory derivatives obtained by four methods

Derivation
Measuremegﬁs by Measuremegts by Gu{ftté?ithd Guyett method
Molymeux” and Molyneux” and ased on based on
tto) 10 steady motion
. Wight'™ with Wight'™ with . . predicted
Derivative . ! derivatives \
aspect ratio aspect ratio measured on steady motion
modification by [modification by tiis wing derivatives
Method 1 Method 3 Method 2 Method 4
£ 0.67 0,5436 0.4836 0.7209
86 0.1439 0.,1303 0.1098 0.1637
8Y 01374 0.3362
e? 0.01621 0.03966
(-hB) 0.01722 0.01406 0.008830 0.0188%
(-hé) 0.01452 0.,01315 0.005996 0.01279
(-hY) 0.02025 0.008722 0.02194 0.03129
(-h‘.{) 0.002810 0,00184 0.002093 0.002985
(th) 0;001 294 0.000505L 0.001142 0.0009795
(-t?) 0,0002941 0.0001930 0.0002179 0.0001869

On the basis of Molyneux's work (Ref'.9) the derivatives have been taken to

be conatant with frequency parameter over the range covered by the flutter tests.
The average values of frequency parameter (based on wing chord) occcurraing in the
three binary types of flutter found were:-

wing roll - aileron rotation 1.1

aileron rotation - teb rotation 1.5

wing roll - tab rotation 2.5
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IABLE 5

A comparison of the measured flutter frequencies for wang

aileron flutter (I = O) with those predicted by the

criterion approximations, Method 4 derivatives

n 1t
Aileron { Wing rolling| Flutter Brequenzy Frquenzy P Slngle"
frequency | frequency frequency approximation | approximation requency
B =1 B =04 approximation
CQP.B. CQP-SO CIP.S.
0.P-5e CePs8. CeD.Se
1.1 1.08 0.9 1.07 0.63
0 3.5 3.5 2,8 3.4 1.8
506 5-14' )-1-06 5. j'i"
3 6 3’5 3'? 3'8 306 )-4-01
' 5.6 5.6 5.0 545 b3
TABLE &
A comparison of the measured fluiter frequencies for wing
tab flutter (N = O) with those predicted by the
criterion aprroximations, Method 4 derivatives
Frequency| Frequency | Frequency | "Single
Rolling Tab Flutter | approxa- | approxi-~ | approxi~ | frequency"
frequency | frequency | frequency mation mation mation approxi-
clp-so c.PoSn CIP.S. B = 1 E" = 001 B = 100 mation
C.P.Ss CeDs S CuPsSe CeDoBe
St 48 5.5 3.9 3.9
5.6 2 5.5 4.9 5.5 4,0 4.0
5.6 5.2 5.6 a2 5.2
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TABLE 7

A comparison of the measured flutter frequencies flor aileron

tab fiutter (N = O)

with those predicted by the

oriterion approximations, Method 4 derivatives

Aileron Tab Flutter | Irequenoy Frequenoy "Single
frequency | frequency| frequency approximation | approximation | frequenoy"
CuDeS CeDe8 G B =1 B = 0.1 approximation
-p. . 'PC . .pl . “vePeSe O.P.S. OOPOSO
2 705 7011- 8.9 5.1
8!8 6 8.8 7.9 8‘8 6.7
'10 "1.0 9.7 9.0 10.4
& 5.7 5.2 5.9 Lok
5'9 6 6'6 6.1 6.0 6-2
8 7.7 7.5 6.k 8.6
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