
1. INTRODUCTION

The use of plates in aerospace structures is widespread. In

recent years with the practical application of active sound

and vibration control, several studies have been devoted to

plate response subject to different kinds of excitation and

with various boundary conditions. The vibration of a plate’s

surface and its interaction with the fluid medium results in

the radiation of sound and a coupled vibro-acoustic problem.

The solution for simply-supported plates is easy to obtain. It

is much more difficult to obtain solutions for other boundary

conditions. As computer resources become less expensive and

more readily available, it is becoming increasingly practical

to use computational methods to predict the propagation and

radiation of sound and the behaviour of complex structural

systems. An excellent review of the numerical techniques

used to predict low frequency sound radiation has been pre-

sented by Atalla and Bernhard1. Usually, for low frequencies,

the sound power is calculated using the data obtained from a

finite mesh on the structural surface for which the vibration

velocities have been computed. Subsequently, the sound

power is computed using the boundary element method. In

general the mesh needed to compute the sound radiation need

not be as fine as the mesh needed to calculate the structural

vibration. Therefore, sometimes acoustical analysis can be

very inefficient. Fahnline2 has reported that the efficiency of

acoustical analysis for subsonic structural waves is increased

significantly by expanding the structural finite element mesh

into a much coarser acoustical element mesh.

The sound power radiated by a plate can be calculated if

its surface response is known.3,4 However, this makes it nec-

essary to determine the acoustic field by using the Rayleigh

integral (for the sound pressure distribution) and then to per-

form an integration over a closed control surface. Classical

methods to find the surface response of a plate with complex

boundary conditions include the superposition and Ritz meth-

ods using trial polynomials and trigonometric functions.5-7

These methods require the solution of simultaneous equations

or high-order matrices, making the calculations of sound power

radiated by vibrating structures even more difficult. An ap-

proach using the virtual work principle provides an easier

methodology for calculating the surface response of a plate.8

A very good review concerning structural acoustics and the

vibration behaviour of rectangular panels can be found in the

work by Berry and Nicolas9.

Green functions can be theoretically derived for certain

regular geometries. But for a complex and irregular geomet-

ric shape, or for a sound-radiating body not located in a free

field, the function takes very complicated forms which are

not easily determined mathematically. Since a homogeneous

fluid at rest behaves like a linear elastic medium in response

to small applied disturbances, the vibro-acoustic reciprocity

principle can be used to avoid the Green function calculation.10
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In this paper the use of the acoustic radiation matrix is described. This matrix can be combined with the volume

velocity vector on a discretised vibration surface to predict the total sound power radiated from the structure. In

order to do so, the vibrating structure is simulated by a finite number of small piston sources flush-mounted on

the surface. A definition of the acoustic radiation resistance matrix is presented and its main properties are dis-

cussed. The sound radiation from simply-supported and clamped-clamped plates was calculated numerically.

Results are presented for the radiation efficiency of the natural modes of the plate when it is excited by a har-

monic point force. The volume velocity distribution on the plate was calculated using a matrix approach. The vi-

bration response of the clamped-clamped plate was determined using an approach based on the virtual work

principle. In addition, experimental results for a real clamped aluminium plate are presented. The sound power

radiated and the radiation efficiency were calculated from measurements of the normal velocity on the plate at

discrete points without measuring the sound field. The sound power radiated from the plate and its radiation effi-

ciency were measured directly using the classical sound intensity method, in order to test the accuracy of the re-

sistance matrix approach. An expression to transform the velocities into vibration cross-spectra is presented in

order to deal with the phase determination. 
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