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A ‘3-3’ piezocomposite is a structure in which both an active piezoelectric phase and a pas-
sive polymer phase are interconnected in three dimensions. These materials are of particular
interest for low frequency hydrophones. Previous work investigating the hydrostatic behav-
iour of piezoelectric 3-3 composites has been undertaken as experimental work and analyti-
cal modelling. More recently, numerical modelling methods, such as finite element modelling
(FEM), have been used to evaluate the effect of parameters such as the polymer volume frac-
tion, the properties of the piezoelectric phase and the properties of the polymer phase on the
hydrostatic behaviour of these materials. The aim of this s paper is s to investigate the micro-
structure-property relationships of 3-3 piezocomposites under hydrostatic pressures, to opti-
mise the structure of the material and to understand any discrepancies in the predicted
behaviour of the material by both analytical and numerical modelling methodologies.
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INTRODUCTION

Piezoelectric composites are attracting interest in the area of underwater transducers and
hydrophones due to a number of potential advantages [1]. For example, replacing the
piezoceramic with a low-density polymer reduces the density and acoustic impedance of
the material, resulting in better impedance matching with water or biological tissue [2]
and can remove the need for impedance matching layers. A piezoelectric ceramic
impregnated with a compliant polymer can also provide some flexibility to the
transducer. In addition, removing the active piezoelectric material and replacing it with

an inactive polymer phase can improve the sensitivity of the material under hydrostatic
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influence of pore geometry and polymer volume fraction on the figures of merit d,, g,,
and dy.gy to be investigated. The optimum pore morphology (equi-axed or aligned
porosity normal or perpendicular to the poling direction) and optimum polymer volume
fraction was dependent on the figure of merit (dn, gn, and dy.g,) that needs to be
maximised. Numerical modelling showed a similar dependence of €733, d, gn, and dy.gy,
as a function of polymer volume fraction. Predicted values were lower than those of the
analytical model due to the fact that the finite element model is able to include the level
of stress experienced by the polymer. The advantage of the numerical method is that
the influence of the mechanical properties of the polymer phase can also be
investigated. Results show that low elastic modulus polymers are required to maximise
the amount of stress transferred into the piezoelectric phase, and this agrees well with
published data [7].

In both cases the models predict significant improvements in dy, g, and dy.gn
compared to dense monolithic piezoelectric materials. To maximise dy approximately
50% polymer volume fraction is required, while to maximise d.gn ~80% polymer
volume fraction should be used. A high level of polymer volume fraction >90% is
required to maximise the hydrostatic voltage constant (gn), which describes the

performance of the material as a hydrophone.
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