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Abstract
Applying passive constraint layer damping (PCLD) to elastic cavity structures
can achieve vibration and noise reduction effects. A two-dimensional coupled
dynamic model for composite elastic cavities based on the edge-based smoothed
finite element method was established for such complex structures. In this
model, the PCLD structure was simulated using two-node four-degree-of-
freedom PCLD beam elements, while the acoustic field was modeled using
an edge-based smoothed finite element model. Employing a two-dimensional
fully-covered composite rectangular cavity model as a numerical example and
utilizing finite element method results under refined mesh as reference solutions,
a comparative study was conducted on the frequency response results obtained
by the edge-based smoothed finite element method and the conventional finite
element method under identical background meshes. The results demonstrated
that the former approach yields solutions closer to the reference solution,
indicating that the edge-based smoothed finite element method achieves higher
accuracy under equivalent computational cost, particularly in mid-frequency
calculations. Finally, the noise reduction effectiveness of PCLD structures
on an automobile cabin was analyzed, along with the influence patterns
of viscoelastic layer and constraining layer thickness parameters. It was
found that increasing viscoelastic layer thickness can reduce cavity noise to a
certain degree, whereas increasing constraining layer thickness does not yield
satisfactory noise reduction effects across the entire frequency band.
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