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Ay Introduction

As the theoretical calculations indicated a possibility
of the development of rudder flutter on CF~10%5, an experimental
verification of the critical sveed and frequency was reguired.
A sories of tests in the NIAE 30 in. x 16 in. supersonic wind
tunnol was performed on a fin rodel equipped with rudders of
suitable density and hinge stiffness.,

2 Models

The model was supplied by Avro Aircraft Company and

consisted of a 1:25 scalo model of the fin of CF=105 and two
rudders (to be used alternatively). Fach rudder could be
elastically mounted on the fin by means of a wido cantilever
spring, acting as a hinge. The fin was rigidly mounted on a
circular plate, which could be clamped to the wind tunnel wall
at an erbitrary angle of incidence, A sketch of the model
mounted in the wlnd tunnel is given 1in Fig.l. The dimensions
of the parts involved can be found on the following Avro
Aircraft Ltd., drawings:

7=-0283-00Lk1 issue Tin Assenbly

~-0203-00l12 issue Modifications to Tail Fin

7-0283-0043 issue Plate for Tail Model Balance

7=-0283-00l); issue Hub for Tail Model Balance

7-0283~00}7 issue Clamp

7-02811~0018 issue Rudder Assembly

7-028&-0019 issue Rudder
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In order to doercase gradually the hinge stiffness of the
rudder, eutouts were made in the hinge strip of the two
rudders; this being done gradually so thet cutouts were made
in one ruddor when the seecond one was tested end viee versa.
In order to ecompensate for the differonee in the hinpe strip
thielmess of the two rudders, the length and position of tho
eutouts were chosen somewhat differently from what was originally
vroscribed by Avro Aireraft (their drawinz 7-028L-0019). The
dimensions and positions of the cutouts are given in Figure 2.
The initial rudders were ealled pa~0 and Zz-0, and the rudders
with first and seeond series of eutouts, fa=1l, Zz=1 and Aa-2,
Zz=-2 respeetively. A total of six rudders was tested.

S Test Lquipment

To inltlate rudder oselillabtions at no-flutter condition a
meehaniecal strikor deviee (shown in Fig.l) was used. The striker
arm was designed as a part of a eireular arc to minimize dise
turbaneos which were likely to be caused by it in the aft part
of the rudder. The same device was also used as a brake recducing

he movements of the rudder during the starting and stopping of

the wind tunnel and eould be used for prevention of excessive
I

ogeillation 1f flutter eonditions were eneountered.

An cleetrieal signal proportional to the deflection of the
rudder (as measurod at its hinge line) was obtained from a
strain-gauge bridge, consisting of two active cauges eemented

to the inside of the rudder hinge strip and two durmy gauges




HSATL=11=77
NATIONAL AERONAUTICAL ESTABLISHMENT no AL=L6k

: page. .t

LABORATORY MEMORANDUM

mounted inside the wind tunnel (to minimize the temperature effects
In order to better utilize the very small svace available and get
better distribution of strain-sensitive elements, the active

gauges on the rudder Zz werc composed of sets of Tive gauges
internally comnected in series.

The output from the strain-gauge bridge was connected
alternatively to a Hathaway recording oscillozraph or to an
Oltronix dampometer, the latter being a special instrument for
meaguring the damping and freguency of decaying oscillations
(sce Ref.l for peneral description of this instrument).

L. Mechanical Calibration

Stiffness and moment of inertia of the initial and the final
rudders (Aa=0, 7z-0 and Aa=-2, Zz-2) were determined by bench
calibrations. It was found that the ratio of rudder stiffness
to hinge stiffness was not high enough to permit malking the
desired assumption of a stiff rudder oscillating around a fixed
hinge line. In fact 1t was found that this stiffness ratio was
g0 low that the method of decreasing the natural frequency of

the rudder by making cutouts in the hinge strips and thereby

decreasing tho hinge stiffness was not at 211 adequate and

resulted in only a small frequency change.

Hinge stiffness, KH, was determined by a static calibration
with weights. The rudder was detached from the fin and
elastically hinged to a surface table., The rudder was made very

stiff by clamping it firmly between two stiff platos of the same
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shape as the rudder, thus ensuring that the deflection measured
was due to bending in the hinge strin only., All calibration
results are given in Table 1, where hinge stiffness appears in
colum 3. It is seen that for the same effdctive hinge width
(column 7), KH is rmuch lower for the rudder Zz - the reason of
this being a rather large discrepancy in the average hinge

thickness (colum 8) of the two rudders. Further, it may be

noticed that the values of K, are much lower than predicted by

the simple beam theory (column 9) - possibly due to the effect
of the very large beam width as compared with its length and
thickness., Thils discrepancy decreases with decreasing effective
hinge width.

Rudder stiffness could not be easily defined as its value
depended on the load dlstribution on the rudder and on the
definition of the proper deflection angle. Instead, an equivalent
rudder stiffness, KR’ vas introduced and defined as the stiffness
which together with the rudder moment of inertia gives the right
value of rudder frequency in the case when hinge strip is assumed
to be completely stiff and all deflection takes place within
rudder only. In view of the fact that botk rudder moment of
inertia and rudder stiffness remalned constant while hinge
stiffness was changed by making cutouts in the hinge strip,
this equivalent rudder stiffness could be obtained from natural
frequencies ohserved with and without cutouts. Assuming the

hinge and the rudder acting as two springs connected in series,
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the following expression was obtained:

( =
K, = o M2 (V5 "V5)

i 1w

V5 Bio V5 Kz
where indices "O" and "2" refer to rudders with no cutouts and
rudders with final cutouts, respectively.

The values of K for the rudders tested appear in Table 1,

column 2.

The total stiffnoss, KT, for every rudder could now be

obtained from the expression

and 18 given in Tablo 1, column l.
The moment of inertia of the oscillating system could then

be calculated from

Ff'l
s e
hpey*©
and can be found in Table 1, colunn 6.
The structural damping of the oscillating rudder was found

to correspond to the values of the damping coefficient ﬁt

of
between 2.3 percent and 5.1 percent, see columm 10 in Table 1.
These values were obtalned with the rudder mounted on the fin
and the fin tip clamped in a fixed position to prevent fin

oscillationse.

Ge Wind Tunnel Tests

As the flutter conditions, if at all present, were most

& Damping factor g is apporoximately equal to the logarithmic
decremont divided by 7r
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likely to be found at Mach Number around M = 1,25 and low
frequencies, the wind tunnel tests were started at a somsvhat
hicher Mach Number (1.35) with the stiffest rudder (Aa-0), and
continued with Mach Number 1,22 and rudders with graduslly
decreasing stiffness. The test procedure was as follows:

The rudder to be tested was mounted on the fin, all connections
to the strain gauge bridge were made and the whole assembly was
nounted in the wina tunnel with the fin at zero angle of

incidence. Two calibration runs were recorded on the recording

oscillograph, one with the fin tip held in a fixed position and

the second one with the fin tip free. Typical calibration
records are shown in Firure 3a and b, In each of those runs the
oscillation of the rudder was initiated by using the striker arn,
described in paracraph 3. The output of the bridge was then
comected® to the darmponmeter on which the damping and frequency
of oscillation was obtained.

The strain gage bridee was then connected acain to the

recording oscillograph and two wind tunnel runs were made.

& This part of the procedure was omitted in the last four
tests, after it has become obvious that damping cannot be
measured in the wind-on condition (see below), and the
determination of an accurate value of damping in the wind-
off condition was therefore considered of smaller interest,.
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During the first one the bridge was balanced with a potentiometer
to take into account the recmaining effects of temperature dif-
forence hetwecn the gauges (this difference being minimized
before by putting the two dummy arms of the bridge inside the
wind tunnel) and also possibly the effcct of a small misalisnment
between the rudder plane of symmetry and the wind direction.
This misalignment was in all cases smaller than 0,3°,

In the second run, in which the balancing potentiometer
was in the right position from the beginning and the bridge
bocame balanced as soon as the temperature in tho tunnel became
constant, the rudder was hit several times using the strilker arm
and the time history of the motion was recorded on the
oscillograph. A typical record is shown in'Figure li. It appears
that damping in all cases was very high and that the rudder

immediately rcturned to its initial small oscillation caused

by the tunnel noise (of approximate amplitude 10.01°). With

the wind forces acting on the striking arm it was extremely
difficult to hit the rudder in a purely elastic manner and thus
the striking arm always followed the deflecting rudder far
beyond its neutral position and did not retract fast enourh to
permit the rudder to oscillate free, This made it imposcible
to evaluate darping from the oscillopgraph records or to measure
it with the dampometer., Only the fregquency of the small

oscillations caused by tunnel noise could be evaluated from the
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records and this is given for the different rudders in Table 2,
As the main purnose of the tests was to establish 1f the flutter
did or did not occur at the *est conditions, these results were
considered satisfactory. To obtain moasurable values of
a different test technigue waéuld have to be used, Cee
using an electromagnetic oscillator for the initiation of
oscillations. Such a technigue requires a mich more complicated
test set-up phich was not considered justifiable for the tests
here reported,

Conclusions

(RO I LIRS

No flutter was fouhd at the test conditions, that is at

Number of 1.3F5 at natural frequency of 389 cps and at Mach

Number of 1.22 in the Prequency range from 330 to 380 CPS,

Because of the inadequate stiffness of the rudders tested

the froguency range investigated was rmueh swalier and much lower
than orisinally planned (from 507 to 760 cps ).
Furthermore, becauso of the inadequate st
rudders tosted, the rudders were sub jected to
stic deformations, which

obtained so that their anplicability to ' rudders may
i Y

guestionable,
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Mechanical Proverties of the Rudders Tested
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SECTION 'A-A'
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FIG.1 FIN ASSEMBLY MOUNTED I[N WIND TUNNEL




SECTION 'A-A'

Aa-0 No Cutouts Z=z-0 No Cutouls

Aa-1 Cutouts Marked Zz-1 Cutouts Marked =
Aa- 2 Culouls Marked £ I Zz- 2 Cutouts Marked a1
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Figure 3 & . Typical calibration
recording.Fin tip clamped in a fixed
position. (Aa-1).
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