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Abstract

The problem of noise pollution has become increasingly serious in today’s society. In order to
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meet people’s demand for both sound insulation and ventilation, a new type of ventilation sound
insulation and noise reduction acoustic metastructure is proposed based on Helmholtz resonance
and coiling-up space simultaneously. Both numerical analyses and experiments are implemented
to obtain the sound transmission loss of this metastructure, and the two results are in good
agreement. A maximum sound transmission loss up to 20 dB will be obtained, with a high ventila-
tion rate of 25%. A broad-band sound insulation in mid-low frequency range (600~1000 Hz) is
achieved, with sound transmission loss of 8~10 dB; and a relatively plat curve appears over 1000
Hz, with sound transmission loss of more than 12 dB. The effects of several geometric parameters
on the sound transmission loss are discussed in detail. Finally, the structural geometry parame-
ters are optimized by the genetic algorithm to achieve a better broadband low-frequency sound
insulation. The metastructure will show great potential applications in the field of sound insula-
tion.
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Figure 1. 3D schematic diagram of the combined ventilated sound insulation metastructure
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Table 1. Geometric parameters of ventilated sound insulation metastructure
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Figure 2. (a) impedance tube; (b) 3D printed sample; (c) the sample fixed in a holder fabricated
by 0.45% carbon steel; (d) the experimental test system
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Figure 3. The calculation domain of ventilated sound insulation metastructure
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Figure 4. Experimental and simulation results of sound transmission loss of the
combined ventilated sound insulation metastructure
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Figure 5. (a) Schematic of Helmholtz resonance cavity; (b) schematic of mass block-spring system
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Figure 6. Effects of (a) neck length and (b) cross-sectional size of neck on sound transmission loss
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Figure 7. Schematic diagrams for partition opening angle of (a) 22.5°;
(b) 35°%; (c) 45°; (d) sound transmission loss results at the three angles
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Figure 8. Schematic diagrams for widths of three channels being (a) 1 mm, 3 mm, 7 mm; (b) 7
mm, 3 mm, 1 mm; (c) 4 mm, 4 mm, 3 mm; (d) sound transmission loss results for the three cases
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Figure 9. Sound transmission loss results at different width of opening area
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Figure 10. Basic flow chart of the genetic algorithm
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Figure 11. The optimization of sound transmission loss
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