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Abstract: Regarding the pressing need for low-frequency noise control, a high-order micro-
perforated meta-material structure is proposed to elucidate its mechanisms of low-frequency
broadband absorption. Furthermore, new high-order micro-perforated low-frequency broadband
absorption meta-materials are designed, exhibiting a continuous excellent absorption spectrum
within the frequency range of 300—3 000 Hz. Initially, the sound absorption structure of a single
cell is designed to stimulate high-order characteristics through the addition of perforated plates
inside the traditional micro-perforated meta-materials. The comparison reveals that such materials
can flexibly adjust the high-order peaks. To calculate the sound absorption coefficient and analyze

the sound absorption mechanism of the structure, a calculation model of the cell structure is
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established through the application of theoretical formulas and finite element simulations. The
influence of typical structural parameters on sound absorption characteristics is analyzed. On this
basis, a 9-cell broadband sound absorption structure is designed through strict coupling between
cells. The experimental results show that the continuous excellent bandwidth is achieved within
the frequency range of 300-3 000 Hz, with an average sound absorption coefficient of above 90%
and a thickness of 106. 1 mm. The structure is characterized by low-frequency broadband sound
absorption with sub-wavelength thickness and enjoys promising prospects for shock absorption
and noise reduction engineering applications in noisy environments, such as automobiles,
aircraft, and ships.

Keywords: acoustic meta-materials; low-frequency broadband sound absorption; micro-perforated

plate; fold back cavity
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Fig. 2 The comparison of sound absorption performance of

HMPM and first-order micro-perforated plate
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Fig. 3 The effect of small hole diameter on sound absorption characteristics
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Fig. 4 The effect of cavity depth on sound absorption characteristics
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