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Table 1. Structural parameters of cylindrical non-

uniform labyrinth structure.
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Fig. 1. (a) Cross section of the cylindrical non-uniform labyrinth structure; (b) equivalent model of microstructure.
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Fig. 2. (a) Monopole mode and (b) dipole mode sound pres-
sure field diagrams of cylindrical non-uniform labyrinth
structure; (¢) monopole mode and (d) dipole mode sound
pressure field diagrams of equivalent model.
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Fig. 3. (a) Schematic diagram of non-uniform labyrinth structure under the plane wave; (b) variation diagram of sound pressure as

a function of frequency at test points A, B, C and D.
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Fig. 4. Scattering sound field diagram of non-uniform labyrinth structure under the plane wave: (a) Original microstructure; (b) the

structure rotates by 60°; (c) the structure rotates by 70°; 1e structure rotates by , and the insets at the lower right corner
truct tates by 60° the struct tates by 70°% (d) the struct tates by 140° d the insets at the I ight

of Figure 4(a)—(d) are the clear views of structure; (e) solid rigid circle; (f) acoustic radiation patterns of microstructures under dif-

ferent counterclockwise rotation angles.
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Fig. 5. (a) Toroidal metamaterial constructed with 18 non-
uniform labyrinth structures; (b) the specific schematic dia-
gram of the distance D from the center of the microstruc-
ture to the point sound source in the ring type metamateri-
al; (c) sound pressure field distribution diagram when a
single microstructure is in the open state; (d) sound pres-
sure field distribution diagram when two designated micro-

structures are in the open state at the same time.
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Fig. 6. (a) Acoustic directional radiation realized by toroid-
al metamaterials composed of 6 microstructures; (b) sound
pressure field distribution diagram when all the 18 micro-
structures of the toroidal metamaterial are in the open
state; (c) sound pressure field distribution diagram when all
the 18 microstructures of the toroidal metamaterial are in

the closed state.
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Abstract

In this work, a cylindrical four-channel non-uniform labyrinth structure is constructed. The ring shaped
metamaterial designed by using the rotational anisotropy of the structure can control sound wave and achieve
dynamically adjustable directional sound radiation. The cylindrical non-uniform labyrinth structure comprised
of four channels has dipole resonance characteristic. At the dipole resonance frequency, sound waves can radiate
from the openings of two sector channels that occupy a large proportion. At this time, the cylindrical non-
uniform labyrinth structure can be approximately regarded as a dipole sound source. For the cylindrical uniform
labyrinth structure, the sound transmission property will not change as it rotates around its center. However,
when the cylindrical non-uniform labyrinth structure rotates around its own center, the position of the dipole
sound source and the direction of the radiated sound wave also change. Placing a point sound source in the
center of the circular metamaterial composed of 18 non-uniform labyrinth structures, and adjusting the rotation
angle of the circular non-uniform labyrinth structure so that each structure lies in the conductive or cut-off
state, the propagation of the point sound source in all directions can be controlled. The propagation
characteristics of these structures are utilized to achieve dynamically adjustable directional sound radiation. In
addition, the influence of the rotation angle of the cylindrical non-uniform labyrinth structure on the
transmitted sound wave is studied, and the switching effect of the non-uniform cylindrical labyrinth structure in
the constructed sound source system is explored, which provides a new idea for constructing simple directional

radiation acoustic equipment.

Keywords: non-uniform labyrinth structure, dipole resonance, rotational adjustability, directional acoustic

radiation
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