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a b s t r a c t

In this paper, the global matrix method is applied to find the behavior of transmission coefficients for
shear horizontal (SH) wave propagation with oblique incidence in piezocomposite layered systems.
The elemental periodic cells of these piezocomposites are formed by two types of components: a piezo-
electric PZT material and an Araldite polymer. The behavior of the transmission coefficient with respect
to the frequency, incidence angle and piezoelectric volume fraction is studied. Some numerical calcula-
tions for different configurations of the composite are shown. The influence of the bonding films made of
polymeric material is also studied. These results could be used to versatile transducers design.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

The interest in the application of piezoelectric material devices
has attracted attention to the reflection and refraction between
solids and piezo-composite. For instance, see the works of Shuva-
lov and Lothe (1997) and Burkov et al. (2005). Recently, reflection
and transmission coefficients of plane waves with oblique inci-
dence to a multilayered system of piezomagnetic and/or piezoelec-
tric materials have been investigated by many other authors, such
as, Shuvalov and Gorkunova (1999), Alvarez-Mesquida et al.
(2001), Li and Wang (2005), Yu et al. (2008), and Chen et al. (2008).

This work is related to the numerical modeling of the SH-wave
scattering in layered structures formed by a piezoelectric crystal
with 6 mm symmetric and isotropic polymers. We are interested
in analyzing numerically the influence of the materials and the
layer thickness on the reflection and transmission of the waves.
In particular, we consider the effect of the thin polymer film that
usually bonds the piezoelectric structures in the transmission
spectrum.

This study is based on the analysis of the transmission and
reflection coefficients when the frequency and the incidence angle
are varied. The numerical calculation of the coefficients is
performed by using the global matrix technique (Knopoff, 1964;
Lowe, 1995) combined with a scaling technique to improve the

conditioning of the linear system involved into the method (Calás
et al., 2010).

The main contribution of this work is the design and analysis of
a numerical simulation that shows the strong relation between the
interference effects within the layers and the existence of values of
the incidence angle where the transmission is maximum. The
numerical experiments suggest that the polymer films that bond
the laminated piezocomposite act as spatial filters whereby the
reflection is only present for some values of the incidence angle
of the wave. These results can have an impact at the design stage
of transducers.

The rest of the paper is organized as follows: Section 2 intro-
duces basic definitions and gives a brief presentation of the general
SH wave solution. In Section 3, we present the global matrix tech-
nique as an alternative method for calculating the transmission
and reflection coefficients that is particularly useful when the
number of layers is large. The numerical simulation is proposed
and discussed in Section 4. The paper closes with the conclusions
suggested by the numerical study.

2. Statement of the problem and general SH wave solution

The scattering that occurs when a SH wave impinges with angle
h upon a laminated piezoelectric composite is analyzed. We as-
sume that the SH wave propagates in the XY plane and that it is
polarized along the OZ axis. We will consider a finite multilayered
composite embedded between two semi-infinite piezoelectric
media, see Fig. 1. The composite is made of g cells, which consist
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