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Abstract
This study aims to predict the nonlinear dynamics of elastic structures equipped with piezoelectric devices, for
application such as reduction vibration, energy harvesting or design of nonlinear resonant M/NEMS such as ultrasensitive sensors. In this context, reduced-order model (ROM) based on a modal expansion are used to compute
the response of the structures, including both geometrical nonlinearities and the electromechanical (EM) coupling.
This approach results to a system of coupled oscillators, in which geometrically nonlinear and electromechanical
terms appear separetely, along with less classical terms stemming from both effects. This system is solved in the
frequency domain with the Harmonic Balance Method associated with an Asymptotic Numerical Method. The
parameters of the ROM are computed thanks to a non-intrusive method and a finite element commercial code
[1, 2]. This study focuses first on the computation of these coefficients, which is separately performed in the EM
and nonlinear cases. The EM coefficients are validated by comparison with the effective and modal EM coupling
factors (EEMCF, MEMCF) [3, 4]. A validation of the procedure is proposed by studying the nonlinear dynamics
of an elastic circular plate equipped with eight piezoelectric patches equally spaced and placed along an inner
circonference (Fig. 1a). This configuration enables to excite and measure several vibration modes, either axisymmetric or asymmetric. Curved frequency responses are obtained, both in free nonlinear vibrations (backbone
curves) and under voltage forcing. In the case of asymmetric modes, 1:1 internal resonances are obtained, showing
the coupling between both companion modes (Fig. 1b). Validation experimental results are also proposed.
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(a) Investigated structure and first asymmetric mode
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(b) 1:1 internal resonance of a circular plate. The second oscillator
(osc. 2) is activated when the osc. 1 reaches the limit of stability.
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