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SUMMARY

A resonance test and subsequent flight tests have
been conducted on a Transavia Airtruk. The natural modes
and frequencies of vibration were measured in the ground
tests, and attempts made to induce flutter during flight
tests. The results of these tests are presented.
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1. INTRODUCTION

The Transavia Airtruk has been in production for 10 years,
more than 100 having been sold, and there is no record of loss due
to structural failure in this time. In order to expand overseas
markets, particularly in North America, full F.A.A. certification was
required and the Aeronautical Research Laboratories were requested
to assist with the flutter substantiation tests.

The aircraft has been frequently modified since the first
production model and the aircraft tested was as detailed in Table 1,
with major dimensions shown in Fig. 1l(a). For the ground resonance
tests, the aircraft was set up on partially inflated r. in wheels
with the nose suspended, on a soft spring system, from the factory
roof structure. With fuel tanks 50 per cent full and the hopper
empty, the rigid body modes of pitch, roll, and heave were 1.4 herts,
4.2 hertz and 4 hertz respectively.

The aircraft was complete and serviceable, with all components
present in their correct locations.

The control surfaces were clamped to the main airframe for
all the airframe modes except for the mode at 39.4 hertz, and freed
for all the control surface measurements except tab rotation.

The undercarriage had the hydraulic dampers replaced with
fixed struts, but the dampers were attached to the wheels to retain
the qorrect mass distribution.

The same aircraft was used in the flight tests. All control
cables were at the lower service limits of tension. No attempt was
made to simulate in-service backlash increases.

2. TEST EQUIPMENT AND PROCEDURES

2.1 Ground Resonance Tests

A maximum of ten electro-magnetic vibrators was used for
these tests. These vibrators were nominally identical having a maximum
thrust of 138 newtons and diaphragm stiffness of approximately 5
kilonevwtons/metre. The vibrators were initially located at the
extremities of the wing front and rear spars, the port front spar
and starboard rear spar of each tailplane, and in a horizontal j
direction at the lowest point of each fin. -

The vibrators were mounted on adjustable height stands and
attached to the aircraft structure through light-weight, telescopic
rods using ball-jointed connectors bonded to the skin with a quick-
setting adhesive. Relocation of vibrators was found to be necessary




for the wing torsion modes vhere the rear spar was very close to the
nodal line, and for the control surface modes. For the wing torsion
modes the two vibrators on the rear spars were relocated towards the
wing trailing edges, and for the control surface modes vibrators were
generally located at the trailing edge of the control surfaces.

The vibrators were driven by high output-impedance power-
amplifiers to ensure that the applied forces were always in phase,
irrespective of the rotion of the structure. Frequency control was
provided by a variable oscillator.

Accelerometers were located on the structure directly over
each vibrator attachment and at six other locations, on tue tailplanes
and fins, to provide an indication of the phase of the response relative
to the oscillator output signal. The sixteen accelerometer signals,
and a signal from the oscillator in quadrature with the driving signail,
were passed through a bank of phase-matched low-pass filters having
a roll-off frequency of 45 hertz. This was to remove distortions in
the signals caused by local panel rescnances and other noise. The
signals were then fed into a Resolved Component Ratiometer (RCR) and
a multi-channel oscilloscope. The RCR operates by resolving each
accelerometer signal into its components in phase and quadrature with
a reference signal, summing the similar components, displaying the
average value of in-phase and quadrature components, and displaying
the ratio of the guadrature to the in-phase components of the response.
Using a reference signal in quadrature with the forcing signal makes
this ratio small at resonance. A pure resonant mode woul? provide a
ratio of zero, whereas, if a reference was used in phase with the
force, the ratio would approach infinity and overload the display
of the ratiometer.

Likewise, the use of the quadraturc reference signal provides
Lissajous figures on the oscilloscope which are straight lines at
resonance. Use of a signal in phase with the force would provide
circles at resonance, which would make tuning rather difficult.

As an aid to determination of the resonant frequencies of
the airframe, a random noise signal, of bandwidth 0 to 50 hertz, was
fed into a vibrator at three consecutive locations - wing tip, tail-
plane tip, and fin tip. The response of the accelurometer directly
over the vibrator was analysed, together with the random signal, on
a dual-channel real-time spectrum analyser. In Fig. 2 the transfer
function of response, with reference to random input, is displayed
and the peaks annotated with the modes that were subsequently found
close to the frequencies indicated. The only modes found which did
not show up on these responses were wing torsion, and some of the
boom bending and torsion modes. At each of the resonant frequencies
indicated by the spectrum analyser, the force levels in all the
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vibrators were manually adjusted until the acceleration responses at
all the monitoring stations were as c¢lose as possible to being in
quadrature with the exciting force. This was determined by observation
of the Lisgsajous figures, and the RCR display, to obtain a condition
with alli fiqures as close as possible to straight lines, and the ratio
displayed being a minimum. With a complex structure it is generally
not possible, with a limited number of force inputs, to obtain a pure
resonant mode.

Modes were found at all the frequencies indicated on the
spectrum analyser. Other modes were found at frequencies not indicated
initially. Modal measurements were made with a single movable
accelerometer attached to the structure, by a suction cup, successively
at each point of the array of measuring stations. The layout of the
measurement points on the aircraft is indicated in Fig. 1(b) in which
half the aircraft is shown. The distribution of measurement points
was symmetrical about the centre line. The actual locations are listed
and dimensioned in Table 2.

The accelerometer signal was fed to a digital transfer
function analyser, which displayed *he in-phase and quadrature components
of the response with reference to the forcing signal. Modal damping
measurements were obtained from records of the decay rates of the
vibration when the exciting signal from the oscillator was disconnected.

On completion of the airframe vibration mode measurements,
the vibrators were disconnected from the structure, and the control
surfaces freed by removing all clamps. The airframe was then rigidly
supported at the wings, booms and tailplanes using contour boards on
stands with the airframe held onto them with bags of sand. This was
done to permit measurement of the unccupled control surface modes.
Accelerometers and vibrators were relocated to suit the individual
control surfaces, and resonant modes excited as before, using random
input and the spectrum analyser to dete . resonances. The oscillator
was then used to fine-tune each resonant vibration mode. The aileron,
elevator and rudder resonances were obtained by attaching one or
more vibrators to the trailing edges of the respective control surface.
The tab rotational frequencies were obtained by clamping the elevator
to the tailplane and attaching the vibrator to the elevator. The only
attachment to the tab was an accelerometer on the trailing edge. A
random signal was fed into the vibrator and the transfer function of
the tab was determined on the spectrum analyser for the three positions
of each tab. The tabs are of the spring loaded type.

The elevator control is connected to a downspring which holds
the control column in a full forward position when released. To hold
the column central required several restraininj rubber cords. The test
on the elevators was repeated with a single rubber cord on the control
column to try and simulate a hand held situation, and also with the
downspring removed completely.




2.2 Flight Tests

Lightweight accelerometers, havir-y a mass of 8 grams each,
were fixed to the aircraft structure at thirteen locations as listed
in Table 3. Uherever possible, the accelerometers were fixed inside
the structure. The accelerometers on the elevator and rudder were
mounted externally. In all locations the accelerometers were fixed
to the structure with a quicksettinc epoxy resin adhesive. On the
external surfaces they were also faired with tape to improve airflow.
Cables were run, under covers and along wing trailing edges, to
amplifiers located in the passenger compartment. This compartment
also housed the power supplies, DC to AC invertor, and a 1l4-track
instrumentation tape-recorder. A remote control station and microphone
were installed in the pilot's compartment.

Two test flights were made, to cover a total of 12 test

i ; points. This involved making several dives from approximately 3400
metres to 1200 metres altitude @nd holding each reguired airspeed

steady while the control stick was sharply struck in both fore and

aft, and sideways directions, to induce a sudden disturbance on the
surfaces. The test points, and air speeds are listed in Table 4.

The records were replayed into a multi-channel chart recorder
to observe the actual time histories at each test point. 1In order
that the traces were not swamped by noise signals outside the range
* of interest, the signals were passed through a bank of low-pass filters
having a roll-off at 45 hertz. <Sanmples of this time history are
presented in Fig.1S.

To investigate the frequency response of the structure to
the general turbulence present at different speeds the recorded data
were analysed on a Fourier analyser, twe channels at a time. The
spectra obtained for the speeds of 145 and 175 knots are presented
in Figs. 16 to 18. 1In order to obtain the impulse response of the
structure, the Random Decrement procedure was used. This procedure
is based on methods described in Ref. 1. Two techniques were used
to produce Figs 19 to 22 which illustrate the random decrement
signatures at different parts of the structure. Initially, the data
were passed through a low-pass filter set successively at 10, 15, 20,
25 and 30 hertz to examine responses in each of these ranges, the
highest frequency present being dominant in each case. The signal
was then digitised at a rate of 1000 samples per second and passed
through a microprocessor to provide an acceleration decrement sign-
ature of 0.5 seronds Auration. Fig. 22 is the only figure presented
which used this technique. The results at the lower frequencies were
distorted due, it is thought, to the poor cut-off characteristics of
the analogue filters used. and the closeness of various vibration
frequencies. To improve matters, digital filters were used after the
analogue data had been digitised at the rate of 1280 samples per
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second using a time history 1.6 seconds long. At each test point
and location three such time histories were used to provide the data
which were then analysed using a random decrement programme on a

DEC PDP-10 computer to produce Figs. 19 to 21.

3. TEST RESULTS
3.1 General

' The vibration mode shapes for all the measured flexible

modes are listed in Table 5 and plotted in Figs. 3 to 14. 1In all
instances only the response of the structure in quadrature with the
exciting force is plotted. For clarity of presentation, not every
measured point is plotted, and in cases where the vibration amplitudes
on certain components of the aircraft structure were negligible,
measurements were not recorded.

3.2 Details of Mode Shapes

Mode at 5.14 Hz. (Fig. 3)

This mode is the antisymmetric lateral bending of the booms. Because
of the high tailplane some torsion is also introduced. There is also
slight antisymmetric bending of the win«as.

Mode at 6.07 Hz. (Fig. 4)

This is antisymmetric vertical bending of the booms. The motion of
the wings is essentially rigid body motion.

Mode at 9.7 Hz. (not illustrated)

This is the rotation frequency of the elevators. The control spring
had been removed and a rubber cord was used to hold the control
column central. It was considered that this best simulated actual
flying conditions. The response of each elevator was independant

of the other and could be made to oscillate in-phase or in opposition.

e

Mode at 9.9 Hz. (Fig. 5)

This is symmetric torsion of the booms. The two booms are slightly
i different, and with the close proximity of the antisymmetric mode

! at 10.5 Hz some difficulty was experienced initially in separating
the two modes.

Mode at 10.5 Hz. (Fig. 6)

This is the antisymmetric torsion mode of the booms. This mode was
excited mainly by forces on the starboard tail with a slight restrain

3




force on the front tail whereas the mode at 9.9 Hz. was excited

solely from forces on the port tail. The main wing is indicating
symmetric bending in spite of the antisymmetric nature of the reaction
torque applied at the boom connection. This is no doubt due to the
close proximity of the fundamental wing bending mode at 11.4 Hz.

Mode at 11.4 Hz. (Fig. 7)

This is fundamental wing bending coupled with symmetric boom torsion.
The boom torsion is themain cause of the sharp change in bending at
the intersection of boom and wing.

Mode at 14.2 Hz. (not illustrated)

This is elevator rotation with the control column fixed. The column,
with its control spring, was lashed in two directions using rubber
cords. The damping measured in this mcde is quite high; in excess
of 5 percent of critical damping. The elevator rotation could be
in-phase or anti-phase depending upon direction of force input.

This mode appears very similar to the mode at 9.7 hertz.

Mode at 14.4 Hz. (Fig. 8)

This is the wing antisymmetric bending mode. Antisymmetric bending
of the booms occurs with rotation of tailplanes.

Mode at 21.6 Hz. (not illustrated)

This is anti-phase rotation of the two rudders with the control
column free. This mode was excited with a force on the port rudder
only.

llode at 23.4 Hz. (not illustrated)

This is symmetric rotation of the ailerons with the stick free.

Mode at 30.8 Hz. (not illustrated)

This is the syrmmetric bending of the stub wing, and was excited via
force inputs to the main wings.

Mode at 35.6 Hz. (Fig. 9)

This is the symmetric wing torsion mode coupled with spanwise aileron
bending.

o e
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Mode at 38 Hz. (Fig. 10)

This mode is essentially rudder bending about its hinge line, coupled
with antisymmetric tailplane torsion. The rudder was clamped to

the fin at the hinge line with a single clamp. The tailplane torsion
is present because of the close proximity of the mode at 38.4 Hz.
measured with the control surfaces free.

Mode at 38.4 Hz. (Fig. 11)

This is antisymmetric torsion of the elevator.

Mode at 39.4 Hz. (Fig. 12)

This mode is antisymmetric wing torsion and antisymmetric aileron
torsion coupled with aileron bending. This mode was measured with
the ailerons free to rotate and with the airframe on its soft support.

Mode at 43.2 Hz. (Fig. 13)

This is rudder bending coupled with some boom torsion which causes
the tailplane to roll.

Mode at 46.5 Hz. (Fig. 14)

This mode is symmetric tailplane bending.

Mode at 48 Hz. (not illustrated)

This is the rotation frequency of the tailplane tab when in the
maxirmum down position.

Mode at 53.6 Hz. (not illustrated)

This is the rotation frequency of the tailplane tab when in the
mean position.

ltlode at 55.2 Hz. (not illustrated)

This is the rotation frequency of the tailplane tab when in the
maximum up position.

3.3 Flight Tests

On the samples of time history produced in Fig. 15 the impulses

applied to the ailerons are well defined, as are the responses on the
wings and boom to the impulses. The impulses applied to the elevators
are not obvious no doubt due to the damping effect of the long control




cables, which pass over several pulleys and two 90 degree changes in
direction before reaching the elevator. The general level of random
acceleration at the elevator, as measured by the accelerometers and
shown in Figs. 15(p) and 15(d), is almost equal in amplitude to the
impulses applied to the ailerons, and should have been sufficient to
initiate flutter if the aircraft had crossed a flutter boundary. It
should be noted that the vertical scale used in Figs. 15(c¢) and 15(d)
is 10 times that used in Figs. 15(a) and 15(b). The accelerometer
amplifier sensitivity was also changed following the first flight,
as saturation of the amplifiers was suspected. The top record on
Fig. 15(d) indicates that saturation was a problem with that particular
armplifier even at the lower sensitivity. Figs. 16 to 18 show the
frequency spectra of the accelerations at six locations and two air
speeds. The most significant feature appears on Figs 1l6(a) and

16 (b) where a sharp peak can be seen at approximately 21 hertz on
both wing and aileron.

Detailed investigation of the records at other speeds and
altitudes indicates that the vibration frequency and amplitude does
not vary between speeds from 100 to 175 knots, or altitudes from
1230 to 2770 metres, and generally does not exceed 1 millimetre peak-~
to-peak at the aileron trailing edge. The oscillation disappeared
at various times during the flights, particularly at times when the
pilot may have been undertaking manouvres using the ailerons.

In Figs. 19 to 21 (produced by Random Decrement Analysis),
which indicate the impulse response of the structure at six locations
at a speed of 175 knots, it can be seen that vibrations around the
tail region are damped. In Fig. 20(a) the wing and aileron show a
relatively low damped oscillation at 10 hertz. This is due to leakage
of the response of the wing bending mode of about 12 hertz, (see
Fig. 16(a)), through the filter at 10 hertz. Fig. 20(b) shows this
mode correctly at about 12 hertz with higher damping.

Fig. 20(d) shows the aileron having sians of a lightly
damped oscillation in the 20 to 25 hertz range. To illustrate the
aileron vibration further, Fig. 22 is presented to show the rapid
decay from the initial peak response to the continuing limited
amplitude oscillation. The two curves indicate that the frequency
and damping of the aileron oscillation is independent of air speed
in the range covered by the test.

4.  DISCUSSION

The approach to determining the resonant frequencies of the
structure by use of a spectrum analyser appears to have some short-
comings. The method adopted in this test, of using a random input
and a transfer function of the response with reference to the input,




qgenerally showed the regions in which resonances occurred, but was
unable to separate close resonances, such as the symmetric and
antisymmetric boom torsion modes, even when using the band expansion
capabilities of the analyser. However, the frequency spectra shown in
Fig. 2 indicate all the reaions in vhich there were airframe vibration
modes except the wing torsion modes. This omission was caused by
placing the accelerometer and shaker close to the torsional nodal
line. This would have been avoided if the wing-tip leading-edge had
been used.

With the flight tests, the fact that the pilots cabin and
theinstrumentation compartment were well separated introduced the
problem of monitoring the operation of equipment in flight. It is
apparent that a telemetry system, with remote control of amplifier
gains, would be an advantage in this type of work. This would also
obviate the need to carry the tape recorder on the flight.

5.  CONCLUSIONS

The aircraft has been ground tested, in relation to its
airframe vibration characteristics, and all the expected modes of
vibration measured. The flight tests have been carried out and
every reasonable effort made to induce flutter at speeds up to 175
knots. The aircraft, in the configuration tested, has been found
to be clear of flutter at air speeds up to and including 175 knots.
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TABLE 1(a)

DETAILS OF AIRCRAFT FOR GROUND RESONANCE TEST

Aircraft type: Transavia PL-12/T-200 Airtruk

Serial No.: G296

Reagistration: VH--UOT

Engine: Lycoming Type I0~540-K1AS
Serial Ilo: 1,-18871-48a

Proneller. Hartzell Type HC~-C3YR-1RF/F8468A-2%
Serial iic: DY903

Hopper confiquration: tlet/Dry Noors

Flap Control: Standard manual

Modifications incorporated:

LA No. 140 Horn balance elevators

lio., 141 Bevel Trailina Edqe Ailerons
1 tlo. 143 Elevator Doun Spring

A Total mass approx. - 1000 kilograms

Centre of Gravity approx. - 420 millimetres aft of main wing
leading edge.

TABLE 1 (b)

AIRCRAFT CONFIGURATION FOR FLIGHT TESTS

Mass of aircraft plus oil, fuel, pilot, 1408 kilograms
parachute, battery pack, tape recorder,
amplifiers, etc.

Maxirmurm permitted mass of aircraft 1742 kilograms

Centre of Gravity of aircraft at 0.532 metres aft of datum

take-off.

Limits of Centre of Gravity 0.417 to 0.589 metres aft
of datum

Moment about Centre of Gravity 7350 Newton-metres

Control surface balances:-

Trim tab 0.3 kilograms T.E. heavy
Elevator 0.14 kilograms L.E. heavy
Aileron 1.59 kilogrars T.E. heavy

Rudder 0.75 kiloqrams T.E. heavy




TABLE 2(a)

LOCATION OF WING MEASURING STATIONS

[~ ¢ i
™~ o0.015 0.202 0.635 0.765 0.995
n ~. i
+0.995 - W1B wic WiD -
-0.995 - W12B w12e Ww12D -
+0.844 W2A Ww2B wac w2D W2E
-0.844 wila W11B w1lc W1ip W11E
+0.665 W3A W3B | W3C W3D W3E
-0.665 W10A w10B W1oc w10D W10E
+0.470 W4A W4B w4c - wE |
I -0.470 W9A W9B W9C - WOE
: L}
+0.318 WSA | WwSB WsC ! wSD WSE
-0.318 | w8A W8B WweC © v8D | WBE
R
+0.131 W6A l W6B wec W6D | W6E
: 1
-0.131 WA wis | wic wip | WiE

£ is proportion of wing chord aft of wing leading edge

n is proportion of wing semi-span from aircraft centreline
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TABLE 2(b)

LOCATION OF TAILPLANE MEASURING STATIONS

\\j;\\\ii 0.042 i ¢.375 E 0.625 0.986
+ 0.875 PT1A, STIA PTIE, ST1B { PT1C, STIC PT1D, STID
- 0.875 PT4A, ST4A | PT4B, ST4B | PT4C, ST4C PT4D, ST4D
!
+ 0.484 PT2A, ST2A PT2B, ST2B ! PT2C, ST2C | PT2D, ST2D
~ 0.484 PT3A, ST3A PT35, ST3B i PT3C, ST3C PT3D, ST3D

£ is proportion of tailplane chord aft of tailplane leading edge.

n is proportion of tailplane semi-~span from boom centreline.

TABLE 2(c)

LOCATION OF FIij, RUDDER AMD BOOM MEASURING STATIOLS

- - - ;
tt:;r\g;f: 2640 3810 . 4220 4440 4950 |
- 305 PF4A PF4B PF4C
SF4A SF4B SF4C
- 75 PF3B PF3C
| SF3B SF3C
0 PB1H, SB1lH PB2H, SB2H !
PG1V, SB1V PB2V, SR2V :
+ 355 PF2A j PF2B PF2C
SF2A { SF2R SF2C
] .
+510 | PF1A ' PF1B PF1C
1
5 i SF1A SF1B SF1C
B.S. - Body Station in millimetres from main wing root leading edge.
¥.L. - Water line in millimetres from boom centreline.




TABLE 3

LOCATION OF ACCELEROMETERS FOR FLIGHT TESTS

Port aileron - measuring station W11E
Port-wing fron spar - measuring station W11B
Port-wing rear spar - measuring station wWilcC
Starboard-wing front spar - measuring station W2B
Starboard-wing rear spar - measuring station W2C

1 Port fin - measuring station PF2B

Port fin - measuring station PF4B

Port boom - 0.5 metres aft of PB2V

Port tailplane - inboard of PTI1B

Port elevator - measuring station PT4D

Port elevator - measuring station PT1D i
Port rudder - measuring station PF2C
Port rudder -~ measuring station PF4C

(Refer Fig. 1(b) for locations of measuring stations)

TABLE 4

FLIGHT TEST POINTS

Test point I.A.S. Altitude Date flown
Knots metres (feet)
1l 106 2770 (9000) 10th July 1981
2 117 2000 (6500) 10th July 1981
3 128 1230 (4000) 10th July 1981
4 128 2770 (9000) 10th July 1981
S 138 2000 (6500) 10th July 1981
6 148 1230 (4000) 10th July 1981
7 145 2770 (9000* 12th July 1981
8 152 2000 (6500) 12th July 1981
9 160 1230 (4000) 12th July 1981
10 160 2770 (9000) 12th July 1981
11 166 2000 (6500) 12¢th July 1981
12 17s * 1230 (4000) 12th July 1981




TABLE 5

SUMMARY OF MEASURED MODES

position

Description of Mode MNMatural |Damping ! Ratiometer| Fig.
Frequency % Rdg. No.
Hz Critical Q/R

Antisymmetric lateral bending 5.14 2.2 0.26 3
of booms

Antisymmetric vertical 6.07 2 0.05 4
bending of booms

Elevator rotation - stick 9.7 - - N.I.
free and downspring removed

Symrmetric torsion of booms 9.9 - 0.07
Antisymmetric torsion of 10.5 1.7 0.08 )
booms

Symmetric wing bending with 11.4 1 0.08 7
syrmmetric boom torsion

Elevator rotation - stick 14.2 >5 - N.I.
fixed
Antisymmetric wing bendinc 14.4 2.9 0.05S 8
with antisymmetric boom

torsion

Rudder anti-phase rotation -~ 21.6 - - N.I.
stick free

Aileron symmetric rotation 23.4 2.4 - N.I.
Stub wing symmetric bending 30.8 - - N.I.
Syrmmetric wing torsion with 35.6 2.5 0.2 9
aileron bending

Rudder bending with tailplane 38 2.2 0.15 10
antisymmetric torsion

Elevator antisymmetric torsion| 38.4 . - 11
Antisymmetric wing torsion and| 39.4 . - 12
antisymmetric aileron torsion
with aileron bending

Rudder bending 43.2 1.5 0.11 13
Symmetric tailplane bending 46.5 1.8 0.1 14
Tab rotation - max. down , 48 - - N.I.
position f
Tab rotation - mean position i 53.6 - - N.I.
Tab gotation - max. up . 55.2 - - N.I.
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Vibration tests
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16 Abstract

A resonance test and subsequent flight tests have been
conducted on a Transavia Airtruk. The natural modes and frequencies
of vibration were measured in the ground tests, and attempts made to
induce flutter during flight tests. The results of these tests are
presented.







