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ABSTRACT

Our main focus in this contribution is on the design and modelling issues of lead-free piezoelectric
composites, amenable to 3D printing, in order to achieve their higher performance. Although the
developed modelling framework is quite general and can be applied to other materials, as an example,
our results are discussed in the context of barium titanate oxide piezoelectric inclusions embedded
into a polymeric matrix.

We start with an auxetic matrix, that is a material having a negative Poisson ratio [1]. Such a matrix
assists in the redistribution of the external stress acting on the piezocomposite in order to produce the
maximum piezoelectric response. Our model is based on a fully coupled system of electro-
mechanical interactions, accounting for nonlinear effects and flexoelecticity. Nonlinearities are
coming from the application of size-dependent higher order piezoelectricity theory. The size-
dependent properties, including electromechanical, are pronounced at smaller scales, e.g., due to the
nonlocal coupling effect between strain gradient and polarization (flexoelecricity). Although such
effects might often be negligible at the macroscopic level, they can influence the overall design
principles of composite materials, created on the basis of hierarchically architectured microstructures,
for 3D printing and subsequent applications. Moreover, possible defects and agglomerations of
added nanoparticles in such composite materials under certain conditions may create an environment
for flexoelectricity to play a more pronounced role. We provide a detailed and systematic analysis of
the contribution of these effects to the overall response of the structure.

In applications, stress and/or thermal gradients, among other factors, can force changes in the
properties of microstructures, detectable at the macroscopic level. Next we note that softening of
Young’s modulus and negative Poisson ratio can also be achieved in the BaTi-based materials where
phase transformations could play a critical role (e.g., [2] and references therein). We simulate such
transformations and corresponding microstructure evolution based on the Landau-Ginzburg theory,
and use the resulting input for our developed multiscale modelling framework.

Finally, we compare the performance of such multifunctional composite smart materials with more
traditional designs based on the PVDF embedded matrix and the same type of barium titanate
inclusions [3].
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