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Abstract

Acoustic metamaterials are popular because they have better low-frequency sound insulation
properties than conventional sound insulation materials. For the control of low-frequency sound
waves, a framed plate acoustic metamaterial with circular holes is proposed in this paper. The
structure consists of a large plate-type acoustic metamaterial with periodic square metamaterial
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cells and a double-sided frame with identical circular holes. The acoustic transmission loss of the
frame-type plate acoustic metamaterial is investigated based on the finite element method, and its
equivalent mass density and vibration displacement are calculated, which are combined with its
vibration modes at the peak and valley values of acoustic isolation to further verify the local reson-
ance characteristics of the designed metamaterial structure. The designed metamaterial structure
can effectively isolate low-frequency noise in the frequency range of 100~500 Hz with a maximum
sound attenuation of 43 dB, thus achieving good low-frequency sound insulation. Subsequently,
the effects of single geometrical and material parameters on the sound transmission loss are dis-
cussed. The proposed frame-type plate acoustic metamaterial structure may be useful for engi-
neering applications of acoustic metamaterials.
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Figure 1 The structure of double-sided framed plate-type acous-
tic metamaterials

1. WEERAAREEF BRI

Table 1. Material parameters of double-sided framed plate-type acoustic metamaterial
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Figure 2. Finite Element Method model for calculating the sound transmission
loss of double-sided framed plate-type acoustic metamaterials
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Figure 3. Sound transmission loss of metamaterial structures
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Figure 4. Vibration modes of the metamaterial structure at sound insulation peak and dip frequencies
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Figure 5. The equivalent surface mass density of metamaterial structures
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Figure 6. Effect of geometrical parameters on sound insulation performance of metamaterial structures
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Table 2. Material parameters for plates and frames
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Figure 7. Influence of material parameters of plates and frames on sound insulation performance of metamaterial
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