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Band Gap Characteristics of Phononic Crystals with Bilateral Asymmetric
Two-dimensional Hollow Scatterers
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Abstract: In order to solve the problem for high initial frequency of unilateral lightweight phononic crystals, a phononic crystal
structure of bilateral hollow asymmetric scatterers was proposed based on the local resonance mechanism. The energy band structure,
transmission loss spectrum and intrinsic displacement field of phononic crystals with bilateral hollow asymmetric scatterers were
calculated by the finite element method. The ultra-wide first complete band gap with an initial frequency of 79.4 Hz and a bandwidth
of 1 065.2 Hz was obtained. Combined with an equivalent spring mass system, the vibration modes of the intrinsic displacement field
of the marked points were analyzed, and the mechanism of band gap formation in phononic crystals of bilateral hollow asymmetric
scatterers was revealed. Furthermore, effects of the geometric parameters such as notch angle of cladding, width of connecting short
plate and height of hollow cylindrical scatterer on the first complete band gap were analyzed, and the geometric parameters of the
phononic crystal were adjusted to control the band gap frequency. The results show that the initial frequency of the first complete
band gap of the proposed bilateral asymmetric two-dimensional hollow scatterer phononic crystal effectively reduces to less than 80
Hz, and the bandwidth exceeds 1 000 Hz. Adjusting the structural parameters of phononic crystals can realize the coexistence of local
resonance and the Bragg scattering band gap in a phononic crystal, which makes it possible for a single phononic crystal to regulate
the low-frequency and high-frequency band gaps simultaneously.
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Fig. 1 Single cell structure of two-dimensional asymmetric hollow scatterer phononic crystals and the first Brillouin zone
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Table 1 Material parameters of new phononic crystal structural components

Material Density/(kg'm ) Elastic modulus/GPa Poisson ratio
Tungsten 19100 354.10 0.350
Silicon rubber 1300 1.175x107* 0.469
Epoxy 1180 4.35 0.370
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