C.P.No.714

v~ s C.P.No.714

MINISTRY OF AVIATION

AERONAUTICAL RESEARCH COUNCIL

CURRENT PAPERS

Flutter Tests and Calculations

on an All-Moving Model Fin

By
J. K. Curran

LONDON HER MAJESTY'S STATIONERY OFFICE
1964

SEVEN SHILLINGS NET






UuD.Co Now 53364013422 ¢ 533.69% 541

C.P. No. 714

July, 1963

FLUTTER TESTS AND CALCULATIONS ON AN ALL-MOVING LCDEL FIN

by

J« K. Curran

STHMARY

Low gpeed flutter tests have been made on an all-moving model fin to
asoertain the effect of mass balance at a position on the leading edge nesar
the root. The stiffness of the joint forming the roll axis for the model was
also varied.

Good agreement is obtained between the experimental results and analyticel
predictions. As the stiffness at the joint is increased, allowing less freedom
in roll, the flutter speed falls rapidly to a minimum, initially, and subsequently
increases. Hasa-balance reduces the flutter speeds and frequencies.

Calculations by the Airoraft Industiry on a particular all-moving fin, which
served as a basis for the model, gave the opposite effect for mass-balance, butb
the model did not accurately represent the chordwise flexibility of the actual fin
and it is possible that the effectiveness of mass balance at the root depends on
this parameter,

Reploces R.A.E. Tech.Note No. Structures 330 - A.R.C. 25,228.
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1 INTRCD UCTION

In recent years & greater use has been made of ell-moving surfaces
(tazlplane and fin} for aircraft control. Experimental data on the flutfer
properties of all-moving surfaces is, however, scarce and a programme of low speed
tests was undertaken to obtain additional information.

Theoretical investigations by the Aircraft Industry on the flutter
cheracteristics of a particular all-moving fin showed that mass—balance on the
leading edge ncar the root improved the flutter properties significantly. This
result seermea somewhat unusual as masg balence 1n this position was considered
unlilely to prevent coupling of the modes conducive to flutter. It was decided
therefoare to use this particular fin as a basis for the design of the flutter
model for the low speed btests.

The marufacture of a model having detailed correspondance with the full
scale structures would have required a prohibitive expenditure of time and effort
and was not attempted. Instead 1t was assumed that the actual fin had a definable
flexual axis along which the stiffness could be concentrated and this enabled a
simple single spar model with a number of ribs and a covering of polyurethane
fcom to be used in the tests.

Trers was agreement in planform between the model and the actual fan amd a
general ocdar of agreement in stiffness and inertia distrabution, but representa-
tion wis perticularly lacking as regards ohardwise deformation. The model, how-
cver, was cosidered adeqguate to establish flutter trends with reasonable
relicbhality.

The anestia, stiffness ard resonance characteristics of the model were
reasured, and subgequently low speed flutter tests were made, with and without
m-s8s talance, for different values of the stiffness of the joint forming the roll
axee Lor the wodel. Flutter speeds and frequencies were also obtained by
caculrtion and compared with the experimental values.

2 DETATILS OF THE MODEL

The mcdel, depicted in Fags.1 and 2, consisted of a metal framework covered
waith pclyurethane foam. A gingle duralumin spar provided the stiffness and a
nmurber cof ribs, welded to the spar, gave the required mass distribution. The
foam wag shaped to conform to the aerodynamrc section R.A.E. 101 with a ten
per cent thiclmess,/chord ratio.

The model hed freedem in rell about an axis two inches bhelow the roct end
of the spar, the amount of rotation depending on the stiffness at the joint.
A system of cros: springs, shown in Pag., 3, formed the Joint and variation of
the stiffness was achieved by interchanging the srrings. Mass balance could be
attached to tne model at the posation indicated in Figel.

3 INERTIA, STIFFNESS AND RESONANCE TESTS

The inertia, stiffness and resonance characteristics of the model were
determined both for the bare metal structure and for the covered model. The
inertias were obtained by timing free oscillations and the stiffness and resonance
properities relate to fixed root conditions.
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The stiffnesses are presented in matrax farm in Tables 1 and 2 and the points
at which the @eflections were measured are denoted in Figs.5 and 6. Details of
the anertias are given in Table 3,

The resonant frequencies of the first five natural modes of vibration were
determined by exciting the model and recording the frequencies at the peak
amplitudes. At each resonant frequency the displacements were measured at the
points shovm in Pigs.5 and 7. The results for the bare sfructure are given n
Figs.8 to 12 and for the covered model in Figs.13 to 17. In the laiter case the
contours are lines of equal amplitude.

b WID_ TUNNEL TESTS

The model was tested in the R.A.E. 5 ft open jet wind tunnel and the critical
flutter speeds and frequencies were determined, with and without mass balance, for
increasing values of the stiffnec. of the joint forming the roll axis. The values
ranged from 20 1b f£t/rad to 455 1b f£t/rad.

The effect of mass balsnce on the flutter properties of the model was
investigated using two mass balance weights of 0.03 1b and 0.06 1b, 3% end 6%
respectively of the weaight of the model.

A small piezo~electric bender-type transducer, attached to the model, was
used to record the acceleration response. At high wind speeds the noise of the
tunnel generated a relatively high frequency acceleration response which terded
to swamp the output signal from the transducer.

The resulis of the tests are given in Fig.18 and the layout of the transducer
eircuit in Fig.19.

5 CALCIIATIONS

5o Calculated modes

The fin was regardsd as divaded up into 17 regions with concentrated masses.
Using these discrete masses in association with the measured influence coefficient
matrix (Table 2) a set of modes was caloulated.

The mass distribution is presented in Table 4 and the calculated modes in
Fi1gs.2C to 2k

5.2 Flutter calculsastions

A quaternary flutter calculation was madc on the model. The modes were,
roll sbout an axis two inches below the root and the first three natural mecdes
of vibration relative to fixed root conditions. The calculations invelved the
determination of the inertia, stiffness and aerodynamic coefficients in non~
dimensional form; details of the methods usced are given in Appendax 1.

The complete flutter equations were solved by the R.A.E, Twelve Degree of

Treedom Electronic Flutter Simudator and the flutter speeds and frequencies for
a joint stiffness range of 20 1b £t/red to 450 1b fi/rad are presented in Fig.25.
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The theoretical flutter speeds far the fixed root condition (no roll) were
320 ft/sec and 295 ft/sec with and wrthout mass-balance rcspectively and
the corresponding flutter frequencies were 31 ¢/s and 26 ¢/s.

6 DISCUSSION COF THE VIND TUNNEL RESULTS

The curves in Fag.18 show that wass balance reduces the flutter speeds and
frequencies the larger mass causing the greater reduction.

As the stilfness of the gjoint, about which the model rolls, is increased,
the flutter speed falls ranidly to a minumn and subsequently increases. The
effect is the same with and without mass balance. The flutter frequencies
increase slowly ivrith incressing stiffness.

For the nominally fixed root condifion (no roll freedom) the flutter speed
and frequency for the fin, without wass balance, were 252 ft/sec and 23 cfs
respectively, whereas, with mass balance (0.06 1b) the flutter speed was greater
than 285 ft/sec - the mexamum tunnel speed. This result indicates that mass
balance 1s advantageous for the fixed root case. However, there is some
uncertainty regarding the effectivenesas of the root fixing in these particular
tests and thas result should be treated with reserve.

7 COMPARISON BETWEEN THRECRETICAT, AND EXPERILENTAL RESULTS

Tt Measured and calculated modes

A corparison of the measured modes (Figs.13 to 17) with those calculated
(Pigs.20 to 24) indicates tolerable agreement in the lower frequency range; the
first two modes agree fairly well both in frequency and nodal line shape, but the
third experimental mode 1s very similar to the fourth calculated mode. There 1s
practically no agreement between {he modes of higher order, but better agreement
could undoubtedly be cbtained by increasing the number of points for influence
coelficient measurements and the number of regions for mass distribution.

7«2 Wind tunnel results and theoretical predictions

The experamental and theoretical curves arc compared in Fag.25, the first
diagram relating to the flutter speeds and the second to the flutter frequencies.

The flutter speed curves show tnat, with and without mass balance, there 1s
good agreemcnt betweon the wind tunnel results and the caleulationss The theary
accurately predicts noc only the effects of joint stiffness and mass balance but
also the actual values of flutter speed.

The flutter frequency curves show that the effects of roll stiffness amd
nass balance, as determined experimentally, are substantiated by calculation, but
the theoretical values are higher.

With regard to the nominally fixed root results a discrepancy occurs; the
calculations show that mass balance has the sane effect on flutter speed as when
roll 1s permitted, but the experiments indicatc the opposite cffect. However,
as mentioned in section 6, some doubt exists regarding the effectiveness of the
root fixang and 1t 1s possible that the flutter speed for the fain without mass
balance should have been higher than that obtained with mass balance, as indicated
by caleulation.
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The comparison between model calculations and cxperaiment shows that the
theory 1s adequate for the prediction of the fluttver characteristics of an all-
moving surface.

At the sae tume it should be noted that the trends obtained for the model
are at variance with those obtained fram calculations on the full scale fin.
However, 1t seems likely that chordwisc flexibility 1s of major importance in the
full scale work, and this fcature was not adequately represented in the model.

8 CONCLUSIONS

(2) As the stiffness at the joint forang the roll axis 18 increased, allowing
less freedom 1in roll, the flutter speed falls rapidly to a minimum initially and
subseguently incrcases.

(b) Hass balance on the leading edge, near the root, decreases the flutter
speed and frequency.

(¢) Close agreement between the cxperinental results and celculations indicates
that the theory is adequate for the prediction of the flutter characteristics of
an all-moving surface i1n the absence of compressibility effects,

(d) Mass balance effects for the model are the opposite of those indicated by
calculations for & full scale fin. The inadequate representation of the chordwise
flexibility may provide an explanation for this discrepancy.



APPENDIX 1

FLUTTER CALCULATIONS

A quaternary fiutter calculation was made on the model. The modes were, the
roll about an axis two inches below the root and the first three natural modes of
vibration of the model relative to fixed root conditions. The caloulations
involved the determination of the inertia, stiffncss and aerodynamic coefficients

in non-dimensional form.
To ocbtain the inertia coefficients the fin was regarded as divided into

62 concentreted masses. The coefficlents were then calewlated from the values
of these masses and their displacercats in the four modes fram the relationship:-

™

aP" = “‘“j‘—i L m fp fq
L ~
pS C.

where a = 1nertia coefficrent
Pq
= air density

5 = sgemi span

Cr = reference chord

m = conoentrated mass

fp = displacement function 1 mode p
fq = dasplacement function in mode q.

The displacement functions werc obtained from the contour line diagrams
for the first three modes and wecre calculated far the roll mode.

The structural stiffness cceffic.cnts were obtained from the relation:-

2

( = o W

P PP Py

bl o

where ePP is the strusctural siaffness coefficient
aPP is the direct structursl inertia
Wp ig the natural frequency of mede p

V is the airspeed.



Appendix 1

The serodynamic coefficients were calculated using a method developed by
D.E. Davies of Structures Department, R.A.E., and programmed for the liercury
computer (Programme R.A.E. 1614).

The procedure involves the selection of a nurber of gpenwise stations with
particular locations. At cach station a number of displacement and upwash points
are selected 1n the streamwise direction. Displacements at these chosen points
and the slopes at the upwash points arc tnen determined for the modes involved
in the flutter calculations. These values in conjunction with values of
frequency parameter and llach Number and some model co-ordinates are used to

obtain the non-dimensional aerodynamic coefficients required for the flutter
matrix.



TABLE 1

Influence coefficients for the bare fin (in./1b)

1 2 3 4 5 6 7 B8 9 10 11 12
1 | 0045176 |+0.01195 | «3,000399 | -0.00127 | 0,000499 |-0,001388 }0,00025 | ~0,00155 |-0.000399 | -0.00133 | +0.000986 | -0.001638
2 {-0.00127% | 0.072716 |~0.000541 | 0.001999 [-0.00022 | 0.00255 {0.000652| 0.002638 | 0.001699 | 0,002638 | 0.002485 | 0.00304
3 ] 0.000999 [<0.000555 | 0.007219 | «0.002151 | 0.001361 |-0.002415 {0.0003 72 | —0.002443 | -0.0004999 | -0.002388 | ~0.001471 | ~0.003246
4 1-0.001276 | 0.001999 |-0.J0236 0.04854 |[=0.000499 | 0.006163 [0.001555 1 0.00709 | 0.0030%6 0,008913 | 0.005637 | 0.008886
5 | 0.0004599 {-0.000222 | 0.001235 | -0.000L4L | 0.00908 [-0,0057% |0.003136]| ~0.00472 | 0.002332 | -0.002804 | 0.001638 | -0.001721
6 [-0,001402 0.0024133{ ~0.00236 0.006859 |-0,005289 | 0.101049 {0.00L2071 0,040264 | C.O017799% C.044013 {1 0.030726 | 0.048317
7 1 0.00025 0.,000638 | 0,000319 | 0.001555 |-0.00304 | 0.00L859 [0.017674 | 0.004248 | 0.027103 | 0.019354 | 0.038487 [ 0.035266
8 [-0.001499 | 0.0CCLI9 |-0.002388 | 0.007663 [-0.004359 | 0.039596 10.003999 | C.157003 | 0.0563L2 | 0.140647 | 0.10956 | 0.16742h
9 [=0.00034% J.001628 [-0,0004999 | 0.003277 | 0.002541 | 0,017605 {0,025671 | 0,056259 | 0.097523 | 0.10024 | 0.174386 | 0.19999
10 {=0.001457 | 0,702943 [-0.00272 0,008719 | ~0.00277% | 0.0432t6 [0.018035 | 0.,14062 | 0.120983 | 0,34823 | 0.2995 Q. Lly3L6
11 }+0.001 0.0025  |-0.0015 5.00575 | 0.00t5 0.02925 |0.036 0.111 0.17L 0,2885 0.43925 | 0.4755
12 {-0.0015 0.0030  |-0.00375 0.00875 | -0.00t75 | 0.0LL 0.03695 | 0.165 0.19225 o.4252, | 0.4775 1.0200

Positions 1 -~ 12 are indicated in Fig.5.







TABLE 2

Influence coefficients (i.nj_lb). Model coversd with Spando foam 200

-

e r——

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 | 0,27200 0.28870 | 0,31350 | 0.11650 | 0,13750| 0,17200| 0.03150 { 0,04600 | 0,07000 | 0,00430 | 0.01220 | 0.02470 | =0.00200 | © .00275 | 0.00780 | =0.00487 | 0.00400
2 | 0428750 | 0.32450 | 0438370 | 0.12170 | 0.15250 | 0.20000| 0,03160 | 0,05230 | 0,08730 | 0,00360 | 0.01450 | 0.0350C | -0.00350 | 0.00300 | 0.01100 | ~0.00605 | ©.00620
3 | 0.29550 | 0.38000 | 0,45500 | 0.13250 | 0.16300| 0,23000| 0,03185 | 0.05950 | 0.09900 | 0.00290 | 0.01580 | ©0.03950 | -0.00422 | 0.00330 | 0.01250 | ~0.06715 | 0.00820
b | 0.11625 | 0.11750 | 0.,13250 | 0,08500 | 0,07250 | 0.07950| 9,02115 | 0.02820 | 0,03800 | 0,00400 | 0.00810 | 0,01450 | ~0,00190 | 0.00200 | 0.00400 | =0.00240 | 0.00195
5 | 0413375 | 0415120 | 0,16950 | 0,07250 | 0,09500 | 0.11150| 0,02000 | 0.03540 | 0.05610 | 0,00255 | 0.01065 | 0.02300 | -0,00197 | 0,00240 | 0.00855 | ~0.00410 | ©0.00490
6 | 0.16375 | 0,20050 | 0,23070 | 0.08000 | 0.,11450| 0,18120| 0.01940 | 0.04460 | 0.08110 | 0.00090 | 0,01310 | 0.03600 | ~0.00402 | 0.00290 | 0.01300 | ~0.00570 ] 0.00900
7 | 0.03180 | 0.03C00 | 0.03315 | 0.02090 | 0,02000 | 0,02200| 0.01000 | 0.01010 | 0.01050 | 0.00390 | 0,00350 | 0.00355 | 0.00153 | 0.00125 | 0.00050 | ~0.00030 | =0.00010
8 | 0.04800 | 0,05510 | 0,05910 | 0.02880 | 0.05700 | 0.04490| 0,01110 | 0,02600 | 0.03100 | 0.00170 | 0.00660 | 0.01600 | -0.00110 | 0.00180 | 0.00695 | —0.00240| 0.00381
9 | 0.07260 | 0.08600 | 0.,10250 | 0.03850 | 0.05730 | 0.08300| 0,00950 | 0.03100 0.07050 | 0 0.01075 | 0.03310 | ~0,00356 | 0.00247 | 0.01405 | -0,00465 | 0.01020
10 | 0.00400 | 0©0,00330 } 0.00285 | 0,00400 | 0,00200 | 0,00100| 0.00400 | 0.00165 | © 0.06350 | €.00100 | -0,00070 | 0.0034% | 0,00063 | ~0,00080 | 0,00262 | ~0.00092
11 | C.0M50 | 0.01485 | 0,01485 | 0,00810 | 0.01500 | 0,01290 | 0.06410 | 0.00705 | 0.01040 | 0,00110 | 0.00375 | 0,00760 | =0,00034 | 0.00125 | 0.00400 | =0.00112| 0.00335
12 | 0.02550 | 0,03225 | 0,03900 | 0.01310 | 0.02400 | 0,03600 | 0.00370 | 0.01600 | 0,03310 |~0.00083 | 0.00800 | 0.04160 |-0,00282 | 0.00240| 0.01750 | =0.00297 | 0.01400
13 [~0.00175 | ~0,00330 | ~0.0405 |-0,00200 | ~0,00200 | -0,00400 | 0.00134 [~0,00110 |-0,00290 | 0.00315 | ~0.00026 | ~0.00235 | 0,00215 | 0.00017 | -0.00170 | 0.00950 | ~0.00162
1 | 0.00305 | 0.00280 | 0.05400 | 0.00185 | 0.00120 | 0,00260 | 0,00100 | 6.00180 | 0,00315 | 0.00046 | 0.00127 | 0,00240 | 0.00023 | 0.01450 | 0.00225 | —0.,00016 000225
15 | 0.00800 | 0.01115 | 0.01285 | 0.00430 | 0.00820 | 0.01390 | 0.00083 | 0.00650 [ 0.01400 [=0.00090 | 0.00405 | 0.01840 | -0,00180 | 0.00230 | ©0.02800 | ~0.00260| 0.02350
16 |=0.0043 | ~0,00505 | ~0,00615 |-0.00285 | ~0.00370 | ~0.00600 | —¢,00021 |{-0.00230 | ~0,00420 | 0.00223 | -0.00115 | =0.00325 | 0.01GL5 |-0.00035 | 0.00290 | 0,03600 | ~0.0022%
17 | 0.00350 | 0.00650 { 0.00730 | 0,0017¢ { 0.00460 | ©,00800 | —0,00007 | 0.0040G é.00890 ~0,00098 | 0,00277 | 0.01275 | ~0.00150 | 0.00212 | 0.02265 | =0.002051 0,04,200

Positions numbered 1 to 17 are indicated in Fig,6.
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TABLE 3

Results of inertia tests

2 .
Condition L. (b 1n.) liass (1b)
HMetal framework 28.3 0.52
Covered with foam 63.5 0.98
Roll axis:~ 2 in. below root and of spar and parallel to tip rib.
TABLE 4
liass distribution
Pesation liass (1b)
(As indicated in Fag.10) (ietal + foam + glue)
1 0.03454
2 0.041894
3 0,01700
L 0.06427
5 0. 04411
6 0.0297h
7 0.089L5
8 0.05L17
9 i 0.02913
10 ! 0,09111
11 0.06550
12 0.03468
13 0.11813
10 ' 0.11413
15 0.04L23%8
16 0.10209
17 0.03524
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FIG. 25. COMPARISON OF EXPERIMENTAL AND
THEORETICAL RESULTS






B3.6. 013,422 ¢

A.R C; C. P. N.’).?]*i 533.621.5&1

FLUTTER TESTS AND CALCULATIONS ON AN ALL-MOVING MODEL FIN,
Curren, J.Ke  July, 1963,

Low speed flutter tests have been made on an all-moving aodel fin to
gocertaln the effect of muss balanee at & position en the leedalng edge near

the root, The 8tiffness of the joint forming the rell axis for the model
was alpe varied,

Ocod agreement 15 obtalned between the experimentsl readlts and
analytical predictiong, As the stiffness at the joint 18 lnereaged, allowe
ing less freedom in rell, the fivtter speed falls rapidly to a mitiimm,
initially, and subsequently Iincreased, HMass-balance reduces tie fIntter
gpeeds and frequencles,

{Over)
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FLUTTER TERTS ND CALULATIONS 0N AN ALL-MOVING MDEL PIN,
am’ JeKe July, 1%.

A.R.C, C. P. No.714

Low speed flutter wests have been made on an all-moving model fin to
asgertain the effect of mass balance at & position on the leading edge near

the root. The stiffneas ¢f the jolnt forming the roll axis for the model
me algo varled,

Good agreemsnt 18 cbtalned between ths experimental results and
gnalytical predictions, As the stiffness st the joint is Ineressed, allow-
ing legs freedem in roll, the flutter speed falls rapidly to 2 minimm,
initially, and subsequently Increases, Mass-balance reduces the flutter
gpeeds and frequencies,
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FL.UTTER TESTS AND CAICULATIONE ON AN ALL-MOVING MIDEL FIN.
Curran, J.Ke  July, 1983,

A, R, C. L. P. No 714

Low apeed flutter tests have baen mads on an all-moving model fin to
ascertain the effect of mass balence 2t & pogition on the leading edge ncar
the root, The stiffness of the joint forming the roll axis for the model
waBs also warled,

Good agreement 1s obteined between the experimental results and
analytlcal predictions. As the stiffness at the joint la inoreased, allow-
ing less freedom in roll, the flutter speed falls rapidly to & minimum,
initially, and subsequently increases. MaSs-balance reduces the flutter
speada ard frequencles,

{Ovor)




Calculations by the Alreraft Industry on a particular all-moving
fin, wvhich served as a basis for the model, gave the oppesite effect fo*
magss-baiance , but the model did not accurately represent the chordwise
flexibility of the actual fin and 1t 1s possible that the effectiveness of
mags balance at the root depends on this parameter,

Calculatiens by the Afreraft Industry on a particular alle-moving
fin, vhich served as a basis for the model, gave the opposite effect for
mass~=balance, but the modsl did not accurately represent the chordwlse
flexibility of the actual fin and it is poasihle that the effectivencas of
mass balance at the root depends on this paramster,

Calculations by the Afreraft Industry on a particular all-moving
fin, which served ag a basis for the mpdel gave the opposite effect for
mags-balance, but the medel did not accuretely represent the chordwiae
flexibility of the actual fin and It i3 possible that the effectiveneas of
masg balance at the root depends on this parameter,
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