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An acoustic metamaterial absorber featuring a bidirectional absorption

mechanism.
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Abstract

This study centers on the concept of acoustic metamaterial absorbers and proposes an innovative sound-
absorbing structure with bidirectional absorption capability. Compared with most conventional absorbers that
dissipate acoustic energy primarily for a single incidence direction, the proposed design maintains effective sound
absorption under different incidence directions, thereby improving its applicability in practical environments with
multi-source noise. The key to achieving bidirectional absorption is twofold. First, the designed acoustic
metamaterial absorber incorporates a quasi—-Helmholtz resonance mechanism. By tailoring the effective acoustic
impedance of the resonant cavity, incident acoustic energy can be efficiently coupled into the structure and
dissipated internally. Second, the structure adopts a mirror-symmetric geometric configuration, and identical
boundary conditions are applied on both sides. As a result, acoustic waves incident from the x- and y-directions
experience the same acoustic impedance. Based on reciprocity and impedance-matching principles, the reflection
responses for the two incidence directions are identical, ensuring consistent absorption performance under
bidirectional incidence and enabling high-efficiency bidirectional sound absorption. The results show that the
proposed absorber achieves an absorption coefficient of 0.97 at 990 Hz, while maintaining an overall thickness of
0.167), demonstrating the potential to realize high absorption with a thin-profile structure. For sample fabrication,
the acoustic metamaterial absorber was assembled using Lego-like modular blocks manufactured by 3D printing.

The arrangement and combination of the blocks can be reconfigured to meet target frequency-band requirements,
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enhancing structural tunability without substantial changes to the overall appearance or fabrication process, and
improving feasibility for rapid iteration and practical deployment. Overall, the proposed bidirectional acoustic
metamaterial design overcomes the performance limitations of conventional absorbers in multi-directional noise
environments. With its flexible configuration and space-integration advantages, it offers a new design direction

for future noise-control technologies and engineering applications.

Keyword: Acoustic metamaterials, quasi-Helmholtz resonator and bidirectional absorption.
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