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Vibration uncertainty plays a major role in the dynamic behaviour of structures, especially
in the mid- and high-frequency ranges. Such uncertainty can arise as a consequence of the
uncertainty in the properties of the structure, such as the geometry, the material properties
or the boundary conditions, and also from the uncertainty in the source mechanism.
Common examples include defective contact areas between two structural components
and turbulent flow in the vicinity of a structure.

This paper provides a method for computing the vibration response and its probabil-
ity distribution for a plate subjected to random excitation over an extended area. The
methodology relies on the image source method, which consists in representing successive
wave reflections in a structure by means of a series of mirror sources. The spatial nature
of such representation makes it appropriate for computing the response of finite structures
in the mid- and high-frequency ranges.

The image source method [1, 2] provides the Green’s function between two points of the
structure. The response to a spatially-extended excitation is obtained by taking advantage
of the reciprocity of the Green’s function [3, 4]. The source is described using a statistical
model of a spatially-extended random excitation, consisting in a superposition of random
fields with different spatial scales. This allows to study of the uncertainty in the vibration
response in connection with the statistical properties of the source, such as the spatial
cross-correlation and the probability distribution. An application example will be given
for a polygonal panel excited by a turbulent flow. The wall pressure is obtained using an
unsteady time-domain computational fluid dynamic simulation and used as the vibration
input in the image source method. The statistical properties of the wall pressure are



Jacques Cuenca, Marcin Kurowski, Bart Peeters

extracted and the relation with the probability distribution of the vibration response is
discussed.

Fig. 1 shows a preliminary example of the influence of the spatial cross-correlation of the
source on the probability distribution of the vibrations of a polygonal panel.
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Figure 1: Vibration response of a polygonal panel with a random excitation over an area. Top: spatial
cross-correlation; bottom: displacement response. Left: low spatial cross-correlation; right: high spatial
cross-correlation. The units are arbitrary.
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