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Effects on the histeresis in martensitic transformations

V. Torra1, A. Isalgue1, C. Auguet1,2∗, G. Carreras1
1CIRG-ETSECCPB-DFA, Universitat Politècnica de Catalunya, Barcelona
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Shape Memory Alloys (SMA) show a solid-solid struc-
tural first order phase transformation from austenite to
martensite when a stress is applied in austenite phase,
producing changes in length relatively relevant (up to 8-
10 %). When the stress is suppressed, the martensite
retransforms to austenite. In this way, a hysteresis cy-
cle stress-strain is obtained. The necessary stress mean
value to induce the transformation is dependent on the
temperature according to the Clausius-Clapeyron ther-
modynamic equation: as higher is the local temperature,
higher is the necessary stress to produce the transforma-
tion. The hysteresis cycle induces the damping property
of the SMA transforming the mechanical energy in heat,
and this property enables the use of SMA as dampers
(passive smart materials) in Civil Engineering. The hys-
teresis cycle induced by the differences between transfor-
mation and retransformation stresses and the associated
latent heat (dissipated and absorbed) produces the self-
heating in the SMA.

Also, in the first cycles of working, it is observed that
the hysteresis cycles evolve progressively decreasing their
width and reducing the available useful length of the
samples (SMA creep), and consequently, decreasing the

damping effect. This is an intrinsic effect mainly related
to changes in the internal state of the material: plastic
deformation in NiTi and plastic deformation plus stabi-
lized martensite in Cu-based alloys.

We studied the influence of the self-heating in the
width of the hysteresis in NiTi wires with cycling fre-
quency. In quasi-static cycling it is possible to see the
increase of the stress due to the local self-heating. The
hysteresis width, for several frequencies, shows the effects
of coupling between temperature and stress by a Gaus-
sian shape. An outline of the hysteresis width for CuAlBe
is, also, determined. Minor dynamic actions associated
to cycling-pause effects are also visualized1,2.
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