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Elastic instabilities in soft structures

Eléonore Duval'?3, Johann Asnacios?, Stephan Fauve?, Vincent Tournat!, Francois Pétrélis?, Maxime
Lanoy"

! Laboratoire d’Acoustique de 'Université du Mans (LAUM), UMR. 6613, Institut d’Acoustique — Graduate
School (IA-GS), CNRS, Le Mans Université

2 Laboratoire de Physique de I’Ecole normale supérieure, ENS, Université PSL, CNRS, Sorbonne Université,
Université Paris Cité, F-75005 Paris, France

3 Université Paris Cité, CNRS, MSC, UMR 7057, F-75013 Paris, France

eleonore.duval.etu@univ-lemans.fr

A parametric oscillator is a system whose natural frequency is periodically modulated, via the time
variation of one of its physical parameters. When this parameter is modulated to about twice the natural
frequency, the amplitude of the oscillation increases exponentially : this is known as parametric

resonance 1 .

Here, we study the behaviour of a system in which the natural frequency varies both temporally and
spatially. We use a flexible pre-stressed strip undergoing longitudinal excitation. This induces parametric
changes in the tension of the strip. We first study the linear domain by characterising the different com-
pression and bending modes. Then, by exciting this system in the vicinity of the natural frequencies of
the bending modes, we observe and study the growth of elastic instabilities.

If at first sight the system seems to be close to a classical case of parametric oscillator (similar to
Melde’s experiment [1]), it turns out that the dynamics of instability growth is very different from what
is usually observed. We propose a model to explain this atypical phenomenon by taking into account a
spatio-temporal modulation of the strip tension and a mode-dependent dissipation.

The study and understanding of these unstable behaviours in soft materials is particularly motivated
by applications in energy recovery or soft robotics [2].
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1 Other modulation frequencies can also lead to resonance but are usually less efficient.
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