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Dynamical behaviour of a shape memory alloy torsional pendulum
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Summary The non-linear dynamical behaviour of a shape-memory BA) device is investigated experimentally. The experi-
ment consists in a torsional pendulum involving a pseudsti wire made of nickel-titanium (NiTi). The wire is fotat its upper
end by a servomotor. An inertial load is attached at the botad of the pendulum in order to tune the first eigenfrequentye wire

in a frequency range of interest for dynamical measuremdihis set-up allows measurements of the quasistatic balravithe SMA
wire by fixing the end mass, as well as dynamical responsedasyrfg the inertial load. Frequency-response curves atersgsically
measured for varying excitation amplitudes, in the vigirdf the first eigenfrequency. As expected by the decreagifigess of the
SMA under martensite forward transformation, a softeniabaviour is clearly evidenced by the experiment.

I ntroduction

The dynamical behaviour of shape-memory alloys (SMA) hasived great attention in the last years for their potential
use for mitigating undesirable vibrations. As a large amairenergy can be dissipated due to the hysteretic pseudo-
elastic martensitic transformation, these alloys aremhttandidates for designing innovative efficient passibeation
isolation devices.

The pseudo-elastic effect is characterized by a decreasffriess of the material due to the forward transformatiom

the austenite to the martensite phase of the alloy. Wherrdhsformation is completed, the effective stiffness inses

to the value of the martensite phase. This non-linear behavs awaited to result in a classical softening behaviour
for a SMA device excited harmonically in the vicinity of itigenfrequency. Although this behaviour has been clearly
evidenced by numerical models, seg. [1, 2], experimental measurements still remain seldom.s@erthe authors’
knowledge, the most convincing experimental measurenanen-linear frequency-response curves of harmonically
forced SMA have been reported by Li and Feng [3] on a tensbBeation bar, and by Collegt al. [4] on a cantilever
beam. But in both cases, only a shift in the resonance frezyueas observed, without the jump effect of non-linear
oscillators that was certainly hidden by the increasing piamof the material.

In this paper, a torsional pendulum consisting of a NiTi wiiigh an end-mass, is used to investigate experimentally the
dynamical behaviour of a single degree of freedom (DOF) slnagmory oscillator. This set-up allows both measurements
of quasi-static and dynamic responses. The frequencynsgurves exhibit a clear softening-type behaviour withg
phenomena.

Experiments

A photograph of the experimental setup and its schematic
view are given in Fig.1. The above part of the setup con-
sists in a servomotor which angle position is imposed by
its tension input. The SMA wire under study is fixed be-
tween two grips. The upper one joins the wire to the motor
transmission shaft rigidly, while the bottom one joins the
wire to the inertial mass rigidly. A torque sensor is inserte
between the upper grip and the motor transmission shaft.
The test specimens a2 mm diameter polycrystalline
NiTi wire with a chemical composition df6.1% Ni, ob-
tained from AMF-France. The material has the follow-
ing experimentally determined temperatures; =24 °C,
A4=9°C, M;=13°C andM =23 °C. Two samples of50 Figure 1: Photograph of the experimental setup (left) ahesatic
mm length, with a85 mm test length, were tested. The'®W showing the main components (right).

weight of the sample i8.10g and the density of the mate-

rial is p ~ 6600 kg/m?>.
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Quasi-static experiments

Quasi-static measurements are performed by fixing the fnogtod mass. A rotation angle path is then imposed at the
above end of the wire. Position angle of the above end andi¢oage recorded. Examples of such measurements are
given in Fig. 2, where the nonlinear torque-angle relatioplotted for two different wires, and three different amydies

of rotation. For the two tested wires, the martensitic tfamsation sets in for forcing angles above 100 degrees. The
characteristic loop of the pseudoelastic behaviour iglgleacovered. The torque-angle relationship is cleariypsetric

for positive and negative angles, as expected from the syrimntersional behaviour of the wire. This is markedly
different from what is observed in tensile tests. Anotharyfiar feature of torsion is that the martensitic transfation
should occur from the outer ring of the wire and grow continslg to the center. Consequently, the elastic rigidity ef th
martensitic phase should be reached asymptotically atdrigkes, what is observed for the two specimens.
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Figure 2: Quasi-static measurements at 0.01 Hz. Torquenatida of the rotation angle, for three different imposedlaramplitudes
(100, black, 350, purple and 450 degrees, blue). (a) specimeb) specimen 2; (c) comparison of the two specimens é&jtdnd
2(green) at 450 degrees.

The measurements reported in Fig. 2 have been realizedfegadncy of 0.01 Hz. The effect of the speed in quasi-static
tests is known as increasing the slope of the two plateausadbevard and reverse transformation occurs. This has been
measured for excitation frequencies in the range from*16 10-2 Hz. However, for the frequency range of interest for
the dynamical responses (0.01 to 1 Hz), quasi-static measnts do not show significant modification of the loop shape:
they all collapse on those shown in Fig. 2.

Finally, Fig. 2c shows that there is an important variapitif the characteristics of the wires under tests. As expamnis
have been conducted at room temperature, very slightly@bw measured temperatife= M, slight differences
between the specimen can induce large differences in theureghbehavior.

Dynamic experiments
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Figure 3: Frequency response curves of the two specimenainttDec. refer to increasing and decreasing frequendesctvely.

In order to perform dynamic measurements, the inertial isdicbed. A small ball bearing is fixed below the inertial mass
and fixed within a heavy head lathe. Using the ball bearingnaicanceling transversal vibration modes due to small
imperfections of the system. A black plate is inserted betwtbe bottom grip and the mass. A white point and a grid are
drawn over the plane. A digital camera, with an approprisitege processing, allows recording the point position durin
the tests, from which the angular rotation of the bottom erti@wire is deduced. The heavy load have been selected so
that the eigenfrequency of the first torsional mode is at B158Frequency response curves are obtained from increasing
and decreasing stepped sine measurements in the rang@.f8).Bz, and for an imposed angle at the top end ranging
from 0.5 to 15 degrees. The resulting curves are display&dji3.

The softening type non-linear behaviour is clearly evigghloy the experiment. The resonance frequency begin to shift
to smaller values, then, from.= 8°, jump phenomena are measured for the two tested wires. Apa@u to specimenl,
wire 2 shows a response of larger amplitudes for the samesetptation angles. This is the consequence of the area of
the hysteresis loops measured in the quasi-static tesishwiere larger for specimen 1, resulting in a larger digsipa

of energy.
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