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ABSTRACT 

Piezoelectric and inverse-piezoelectric effects are coupled with each other via the constitutive 
equations of piezoelectric materials (electric-structural interaction in piezoelectric material). Thin 
piezoelectric bimorphs are very popular for sensors and actuators using these effects in advanced 
electro-mechanical systems [1-4], since it has the simple structure and can take large flexural 
deformation. In these applications, the piezoelectric bimorph usually includes metal layers such as 
electrodes and shim plates. Therefore, the electric-structural interaction in the thin piezoelectric 
bimorph with the metal layers has to be carefully taken into account during the design process of 
these sensors and actuators in order to predict the vibration characteristics, which are the key design 
parameters. 

Let us consider the finite element analysis of the electric-structural interaction in the piezoelectric 
bimorph. The piezoelectric analysis using solid elements (the solid piezoelectric analysis) can solve 
the electric potential without any prescribed distribution, while the solid inverse-piezoelectric 
analysis is not suitable for the thin structure. On the contrary, the shell inverse-piezoelectric analysis 
solves the thin structure accurately and efficiently, while the shell piezoelectric analysis has to 
prescribe the potential distribution along the thickness. Therefore, in this study, the solid 
piezoelectric analysis and the shell inverse-piezoelectric analysis are coupled using the block Gauss-
Seidel method [5] [6]. 

Let us consider the piezoelectric analysis of the piezoelectric bimorph with the metal layers. In a 
specific problem, the metal layer can be analysed as the elastic body with the boundary condition of 
the prescribed electric potential [7]. However, for the purpose of generality, it is desirable to develop a 
method that can solve the unknown electric potential in the metal layer. Therefore, in this study, the 
method to solve the unknown electric potential in the metal layer is proposed reusing the existing 
code of the piezoelectric analysis. 
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