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ABSTRACT 

The analysis of piezoelectric MEMS devices [1], with very thin and multi-material layers, becomes a 
challenging task if standard 3–D FEM simulation software is used, because the FEM discretization of 
these devices requires either a very large number of DoFs (e.g. with tetrahedral elements) or a very 
complex mesh generation (e.g. with hexahedral elements). Moreover, analysing thin multilayer 
cantilevered structures under bending typically leads to inaccurate results due to the locking effect.   

A 3–D electro-mechanical formulation, based on the Cell Method (CM), for modelling piezoelectric 
energy harvesters has been first proposed in [2] for tetrahedral meshes, with the above limitations, and 
then extended to polyhedral meshes in [3], where a strain smoothing procedure has been proposed to 
overcome locking. Polyhedral mesh is generated by mesh carving of a structured grid in order to allow 
for an easier discretization of piezo-MEMS models, which may exhibit a composite structure with 
curved boundaries. This work shows that smoothed poly-CM (poly-SCM) may lead to a significant 
improvement of accuracy, compared to standard poly-CM, also when real piezo-MEMS structures are 
simulated. For instance, Fig. 1 shows the z-axis displacement of a commercial PPA-1001 cantilever 
(with 1 V voltage source) simulated by poly-CM and poly-SCM. 2nd ord. FEM is used for comparison.  

 

 

Figure 1. (a) Piezoelectric cantilever model (PPA 1001); (b) Static simulation of the PPA 1001 model:  z-axis 
displacement along the cantilever x-axis under the application of an external voltage supply of 1 V. 
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