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ABSTRACT

The wave propagation characteristics of an acoustic metamaterial composed of periodically repeated
one-dimensional Helmholtz resonator array was investigated considering the effects of dimensional
changes of the resonator geometry on the transmission coefficient and band gap. The effective im-
pedance and transmission coefficient of the acoustic metamaterials are obtained based on the acoustic
transmission line method. The designed acoustic metamaterials exhibit band gaps and negative bulk
modulus that are non-existent properties in the nature. The band gap of the acoustic metamaterial is
strongly dependent on the geometry parameters of Helmholtz resonators and lattice spacing. Also, a
new type of metamaterial that is periodically constructed with two different resonators was designed
to open the local resonance band gap without change of Bragg scattering.
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Fig. 1 Schematic diagram of the 1D acoustic meta-
materials
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Table 1 The structure parameters
- Parameters Values
2a;
Density 998 kg/m3
<y | | Speed of sound 1483 m/s
Viscosity coefficient 1.85x10°
= Absorption coefficient 3x10™
- L(lattice spacing) 9.2 mm
I3 I, 4 mm
(a) Dimensions of a single cell d, 1 mm
P P Pt Ay 1 mm
dy 5 mm
Rn 3 3.14 mm
Lp Wy 4 mm
Cr
IP:() 1 Zy i I Z3 Iy Zy-y Iy Za
} i } Zy z; 23 N-2) -1 Zy
Z I Z Zy Zy Zn
(b) Equivalent acoustic transmission line circuit ro L no.2 no3 N4 MeN3 NNz Mo NN

of a unit cell

Fig. 2 Unit cell of Helmholtz resonator
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Fig. 7 Effective impedance (a) and transmission coefficient (b) by the change of the number of
Helmbholtz resonators in acoustic metamaterials
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