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Abstract

Aiming at the problem of low-frequency noise prevention and control, a thin-film acoustic metama-
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terial is designed in this paper. The circular mass block is selected as the mass block, and the influ-
ence of geometric parameters on its sound absorption performance is analyzed. At the same time,
the impedance matching principle is used to explain the cause of the sound absorption peak. The
results show that the absorption peak mainly comes from the elastic vibration of the film; changing
the geometric parameters of the film and the additional mass will significantly change the am-
plitude-frequency characteristics of the absorption peak. Therefore, the sound absorption perfor-
mance of the film acoustic metamaterial can be effectively improved by optimizing the geometric pa-
rameters of the film and the additional mass for the target spectral characteristics. The introduction of
acoustic siphon effect can improve the low-frequency sound absorption effect of acoustic metamate-
rials, which provides a solution for the structural design and optimization of acoustic metamaterials.
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Figure 1. Structure of thin film acoustic metamaterial: (a) front view, (b) top view
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Table 1. Structural material parameters of thin film metamaterials [8]
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Figure 2. Sound absorption coefficient of thin film metamaterials
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Figure 3. Vibration mode diagram at the sound absorption peak frequency of thin film metamaterials
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Figure 4. Vibration modal diagram of thin film metamaterials at the sound absorption valley frequency
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Figure 5. Specific surface acoustic impedance of unit cell structure
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Figure 6. Sound absorption coefficient under different mass block thickness
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Figure 7. Sound absorption coefficient under different film tensions
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Figure 8. Sound absorption coefficient at different back cavity depths
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Figure 10. Dual-unit membrane metamaterial structure
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Figure 11. Sound absorption coefficient of double unit membrane metamaterial structure
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Figure 12. Comparison of specific surface impedance
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