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In this paper, the natural frequencies and acoustic radiation mode amplitudes of laminated composite plates are
studied. The layerwise finite element model is imposed to determine the natural frequencies and velocity distri-
butions of laminated composite plates. The amplitude of the laminated composite plates are then discussed based
on the acoustic radiation mode, the effects of the panel orientation angle, the elastic modulus ratio, the width-
depth ratio, and the damping ratio on the first acoustic radiation mode. A sixteen-layer laminated plate was used
as an example, and the numerical simulations and experimental results show that the natural frequencies of the
laminated composite plate can be analysed accurately using the proposed model. Furthermore, it is found that
the effects of the panel orientation angle and width-depth ratio on the acoustic radiation mode amplitude of the
laminated composite plates are significant.

1. INTRODUCTION

Laminated composite plates have been widely used in
aerospace vehicles, maritime carriers, and wind turbine blades,
where high strength, high stiffness, and low weight are im-
portant properties.1 When these composite structures are used
in dynamic environments, vibration control and noise reduc-
tion become of great technical significance. The vibration of
laminated composite structures is generally in low-frequency
ranges. Thus, noise reduction of laminated composite struc-
tures in low-frequency ranges is very important. Although
active vibration control could be used to decrease structural
noise,1 low noise design is the most reliable means of reducing
radiated noise. The most suitable function of a low noise de-
sign is in sound radiation power.2, 3 A low noise design optimi-
sation is considered with the goal of minimising the total sound
power of the structure. The sound radiation power is related to
the characteristics of the structure.2–4 Therefore, it is important
to study the relation of the laminated composite structure pa-
rameters to the sound radiation power in low-frequency ranges.

For planar radiators, it is well known that the low-frequency
sound radiation is directly related to the velocity distribution
of the structure’s surface. Different velocity distributions have
different contributions to the radiation sound power. Velocity
distributions corresponding to certain mode shapes are more
efficient radiators. It has been widely accepted that structural
acoustic problems can be analysed based on so-called radiation
modes.1 Radiation modes are sets of independent radiating
velocity distributions. The dominant radiation modes are the
first few order modes at low-frequency ranges. Controlling the
first few order radiation modes’ amplitudes has been shown
to reduce the total sound power efficiently in low-frequency
ranges.1, 5, 6

For laminated composite plates, the dynamic response of
the structures must first be analysed in order to study the first
few order radiation modes’ amplitudes of the plates in low-
frequency ranges. Laminated plate theories are essential to

providing an accurate analysis of laminated composite plates,
and a variety of laminated plate theories have been developed
and reported in the literature. A review of the various equiva-
lent single layer and layerwise laminated plate theories can be
found in Reddy’s work.7 Because of their complex behaviour
in the analysis of laminated composite plates, some technical
aspects must be taken into consideration. For example, the
classical laminate plate theory (CLPT) is based on the Kirch-
hoff plate theory. It is the simplest theory, but the shear de-
formation effects are neglected.8 Furthermore, it results in an
underestimate of the deflection and an overestimate of the nat-
ural frequencies. The first and higher order shear deformation
theories are improvements over classical theories. For the first
and higher order shear deformation theories, transverse shear
deformation through the thickness of the structure is not ig-
nored.9

Another aspect in the analysis of composite structures is the
existence of couplings among stretching, shearing, bending,
and twisting. These couplings can significantly change the re-
sponse of composite structures and need to be considered. The
layerwise lamination theory assumes a displacement represen-
tation formula in each layer.10 The layerwise finite element
theory can be seen as a three-dimensional theory. The assumed
layerwise displacement field uses a linear Lagrange polyno-
mial approximation for the thickness of each lamina and a con-
stant transverse displacement for the entire thickness. The in-
terlaminar stresses can be predicted accurately, and the layer-
wise finite element theory can better adapt to the combination
of boundary conditions. In this paper, the dynamic responses
of the laminated composite plates are examined, based on a
layerwise finite element theory.

In recent years, there has been much research on the vi-
bration and acoustical characteristics of laminated composite
plates. For example, Li et al.11, 12 deal with the structural vi-
bration and acoustic radiation of a fluid-loaded laminated plate
based on the first order shear deformation theory (FSDT) and
the classical Kirchhoff-Love thin plate theory. Cao et al.13
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