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ABSTRACT
The piezoelectric bimorphs are used to actuate the flexible wings of insect–like micro air vehi-
cles. Also, they have attracted great attention in energy harvesting due to their large electro–
mechanical convertible characteristics. Generally, in these applications, the piezoelectric bi-
morph is thin, flexible, and surrounded by the fluid. The large deformation of the thin flexible
piezoelectric bimorph causes strong interaction with the electric field (piezoelectric effect) and
the surrounding fluid, and inversely, these two fields significantly affect the structure. The
electric field–fluid–structure interaction (EFSI) analysis is very significant.

A novel triply coupled analysis method is proposed to solve the thin flexible piezoelectric bimorph
in fluid. The hierarchal decomposition [1] as the theory is superior to the others in terms of
the application to complicated multiphysics problems. Here, the EFSI system is decomposed
hierarchically, i.e. it is partitioned into the subsystems of fluid–structure interaction (FSI) and
electric field using the block Gauss–Seidel partitioned iterative method [2, 3], and then the FSI
is split into the fluid–structure velocity field and the pressure filed using an algebraic splitting
method [4], and finally, the fluid–structure velocity field is partitioned into the fluid and structure
velocity fields using the explicit method for the fluid [5]. Since the structure is quite thin and
flexible, MITC4 shell [6] are very well suited for the structural discretization, but modeling
electric contribution is a challenging task for shell element. Therefore, the electric field is solved
using 3D solid element. The fluid is solved using P1P1 element [7]. The use of these different
elements remedies the shortcoming of using same elements, i.e. the proposed method can treat
various electric configurations with almost a linear or quadratic distribution of electric potential
across the thickness, whereas the shell elements, which are well suited for thin flexible bimorph,
cannot treat various electric configurations, as discussed in [3].

The proposed method is applied to a flexible restrictor flap in converging channel [8], where
the rubber flap is replaced by the piezoelectric bimorphs made of PVDF or PZT–5H. The
resonance frequency of the piezoelectric bimorph actuator analysis in the fluid agrees well with
the theoretical and numerical pure FSI cases. However, the frequency shifts upon the connected
electric resistive load can be seen for the open–and closed–circuit sensor analysis of the PVDF
and PZT–5H bimorph in the fluid. This shift for PVDF is negligible, while this shift for PZT–5H
is noticeable. These results show a good agreement with the previous studies [9].
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