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ABSTRACT

The use of equivalent circuit models of piezoelectric energy harvesters is inevitable when power
circuitry including rectifying and smoothing circuit elements is connected to them for evaluating DC
electrical outputs. This is because it is difficult to incorporate the electro-mechanical coupling
resulting from the additional circuitry into the conventional finite element analysis. Motivated by this
observation, we propose a method to accurately extract the equivalent circuit parameters by using
ANSYS which provides

piezoelectric analysis. Then the equivalent circuit can be analyzed by circuit simulators such as

commercially available FEM software such as three-dimensional AC
SimPowerSystems ™ of MATLAB. While the previous works have estimated the circuit parameters by
experimental measurements or by analytical solutions developed only for limited geometries and
boundary conditions, the proposed method has no such limitation because piezoelectric energy
harvesters of any shapes and boundary conditions can be treated in FEM software. For the
verification of the proposed method, multi-modal AC electrical power output by using a
corresponding equivalent circuit is compared with that by ANSYS. The proposed method is then
shown to be very useful in the subsequent evaluation of DC electrical output which is obtained by

attaching a bridge diode and a storage capacitor to a piezoelectric energy harvester.
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