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MODELLING OF 3-3 PIEZO-COMPOSITES

A. J. Perry and C. R. Bowen, Department of Materials Science and Engineering,
University of Bath, Somerset, BA2 7AY
S.W. Mahon, Mechanical Sciences Sector, DERA, Farnborough, Hampshire,
GU140LX

Traditionally research into piezoelectric devices has concentrated on producing
samples with high density. However for certain applications it can be shown that
ceramic piezo-electrics with low density, i.e. a high amount of porosity, can have
superior hydrostatic properties. One area in which this has certainly been the case is

low frequency hydmphones"'.

At low frequencies (<100kHz) the wavelength dimensions are greater than that of the
hydrophone and the stress on the device due to the acoustic wave is effectively
hydrostatic. For piezoelectric devices in hydrophone applications it is advantageous
for the material to have a high di3 (expansion per unit electric field in the direction of
polarisation).  Unfortunately these materials usually also have a high d3 (a
contraction normal to the direction of polarisation). A figure of merit can be
calculated for piezoelectric materials, known as dp.

d, = dy, +2d,, = hydrostatic strain constant (m V™)

It can be seen that a piezoelectric with a large ds; and a large but negative d3; would
have a low figure of merit. To try and increase the value of dy the structure of the
sample can be made porous™?. " This
has the effect of reducing ds3 slightly.
but reducing ds; extensively, thus
increasing the figure of merit.

Porous piezoelectric ~structires were
modelled using ANSYS ver. 5.4 finite
element modelling software. Varying
porosity and pore shapes were modelled.
Also models were produced with
different polymers impregnated into the
pores of the piezoelectric to ascertain
the effect of adding filler with different
Young's moduli and Poisson’s Ratios.

Figure 1: Example of a single unit cell,

which was used for modelling.
Values for dy were obtained by

modelling a single unit cell of a material with a pore in it. An electric field was then
applied to opposite faces of the cell. The expansion in the z direction and the
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contraction in the X and y directiong Were measured ang used to calcylate the
hydrostatic strain per upjt electric field, dp.

It can be seen that there are
substantia] improvements in
dy and dngy, values with
increasing pPorosity. Ag well
as having , highly porous
structure, the figures of merit
can be further enhanced by
changing the morphology of
the pore. A pore with jts long
axis normal to the direction of
Polarisation jg advamageous,
as shown in figure 3. Here Figure 2: pjo¢ showing d, anq digy vary with pore
the bulk of the Mmaterial is free geometry and Percentage porosiy,

to expand in the direction of

Polarisation byt there is littje Material to contracy in th

Figure 3; Schematic of
optimum pore geometry,
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