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Abstract

Lightweight composite panels are widely used in engineering fields due to their excellent static
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mechanical properties, combining light weight with high strength. However, their dynamic mechani-
cal characteristic of “high static stiffness but low dynamic stiffness” causes the coincidence frequency
to shift toward lower frequencies, resulting in sound insulation performance inferior to that of ho-
mogeneous panels with the same surface density. To address the challenges of theoretical modeling
difficulties and high-frequency computational complexities in the analytical and numerical predic-
tion of acoustic characteristics of complex composite structures, this paper proposes a method based
on the flexural modes of composite beams under free boundary conditions to determine the appar-
ent bending stiffness of the corresponding composite panels. The sound transmission loss simply-
supported rectangular composite plates is then calculated using the modal superposition method.
This approach effectively circumvents the dependence of analytical methods on the geometric sym-
metry or regularity of composite structures. The predicted results are in good agreement with ex-
perimental data, providing theoretical guidance for the design of high-performance acoustic com-
posite panels.
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Table 1. The approximate values of am corresponding to different boundary conditions [3]
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Figure 1. Schematic of sound transmission through a rectangular composite panel
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Figure 2. (a) Schematic diagram and physical photograph of the composite beam; (b)
Interlayer compaction device for the composite beam
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Table 2. Material and geometric parameters of composite structures
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Figure 3. (a) The test for the natural frequencies; (b) Sandwich beams with different lengths
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Figure 4. The first four pure bending modes of the composite beam
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Table 3. The natural frequencies of the composite beam were obtained by both experimental and FEM
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Figure 5. The apparent bending stiffness Dapp of the composite panel
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Figure 6. (a) Sound transmission loss measurement setup for lightweight composite panels; (b) Beams cut
from the lightweight composite panel
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Figure 7. (a) Dapp obtained by composite beams A-1 and A-2; (b) STL prediction based on beams A-1 and A-2, along with the
STL measurement based on panel A
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