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Tunable broadband sound absorbing metamaterial
with negative modulus

CHEN Huai-jun'*, ZHAO Wen-xia', HAO Chang-chun®

(1. School of Physics & Information Technology, Ningxia Normal University s
Guyuan 756000, China;

2. School of Physics & Information Technology s Shaanxi Normal University
Xi’an 710119, China)

Abstract: Based on the concept of local resonance, a kind of tunable broadband sound absorption meta-
material consisting of helmholtz resonator (HR) with negative modulus was designed. The resonant
frequency of the metamaterial can be tuned by changing the bore diameter drilled in the HR. The
transmission curve of the metamaterial was simulated by using COMSOL Multiphysics, and then the
modulus of the metamaterial can be obtained via extraction method. Simulation results confirm that
the present metamaterial can accomplish negative modulus at the resonant frequency, simultaneously
showing excellent property of sound absorption. A kind of metamaterial with broadband sound ab-

sorption from 970 to 1 300 Hz was constructed by periodically arraying two layers of HRs. Excellent
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sound absorption appears in the sound absorption band with minimum transmission —22 dB. Metama-

terial with any wanted bandwidth of negative modulus and sound absorption in audio-frequency range

can be obtained by periodically arraying multilayers of HRs with different resonant frequencies. It is

expected that the proposed metamaterial will significantly contribute to the design of broadband nega-

tive modulus and sound absorption metamaterial.
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Fig.1 (a) 3D view of HR;(b) Cross-sectional view of
HR.
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Fig.2 (a) AM composed of periodical HRs with the
lattice constant @ = 30 mm. (b) Simulation

model of the AM in the acoustic impedance tube.
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Fig. 4 Pressure field distributions of HR AM at (a)
the resonant frequency of 1 180 Hz and (b)

the non-resonant frequency of 300 Hz.
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Transmission spectra of the single-layered AM consisting of seven HRs, the diameters of which

change as arithmetic progression. The minimum values, maximum values and tolerance are (a) 3

mm, 4.2 mm and 0. 2 mm; (b) 3.1 mm, 4.3 mm and 0. 2 mm; (c) Transmission spectra of the two

AMs.
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sion; (b) Transmission spectrum of the bi-
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