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Acoustic Black Hole Structure

CHENG Junhao, ZENG Xiaohui, XIE Youju, LONG Guangcheng, TANG Zhuo
(School of Civil Engineering, Central South University, Changsha 410000, China)

Abstract: A phononic crystal coupled with the acoustic black hole structure was proposed based on the local resonance theory. The
low frequency band gap was widened by utilizing the low frequency, broad band gap, and multi-modal properties of the acoustic
black hole structure. The energy band structure, eigenmodes and attenuation characteristics of the phononic crystal were calculated by
the finite element method. The generation mechanism of its band gap was analyzed, and the influence of the geometric parameters
(i.e., the structural parameters of the acoustic black hole) on the band gap was discussed. The results show that the phononic crystal
has multiple band gaps at 1 600 Hz, and the first complete band gap ranges from 12 to 805 Hz. The band gap coverage below 40 Hz is
70%, and the band gap coverage within 1600 Hz reaches 97.3%. The starting and cut-off frequencies of the first complete band gap
are mainly determined by the vibrational modes of the scatterer and the acoustic black hole structure. The starting frequency of the
first complete band gap increases with increasing the height of the acoustic black hole structure short side. The width and short side
height of the acoustic black hole structure and the height of the short plate have an effect on the cut-off frequency and the width of the
first complete band gap.
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Fig. 1 A new type of phononic crystal
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Table 1 Material parameters

Material parameter Elastic modulus/Pa

Density/(kg'm ™) Poisson's ratio

Tungsten 3.540x10"
Silicon rubber 1.175%10°
Epoxy 4350x10°

19 100 0.350
1300 0.469
1180 0.370

(a) Reference model [ (b) Model 1 floor plan

(c) Reference model 11

(d) Model 1II floor plan

K2 ZH5ER A
Fig.2 Reference models I and II
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Table 2 Band gap results of new phononic crystal and reference models
Model ID fl/HZ fz/HZ b/Hz b4()/% bl 600/%
Coupled ABH model 12 805 793 70 97.3
Reference model [ 82 1481 1399 0 94.5
Reference model 11 36 647 611 10 96.3

fy is starting frequency; f; is cut-off frequency; b is the band gap width; by is band gap coverage within 40 Hz; b, 60 is band gap coverage within 1 600 Hz.
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(a) Coupled ABH model

(b) Reference model [

(c) Reference model 11
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Fig. 6 Eigenmodes at the first full band gap cut-off frequency of each model
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Table 3 Comparison of band frequency calculation results

Marked point Xmax/M W/J K/(N-m l) M/kg f3/Hz f4/Hz
A 2.49x107 3.0x107" 12.0 3.2x107 9.75 12.4
B, 5.80x1077 2.8x107'¢ 16.6 6.8x107 786.3 805.8

Xmax 18 the maximum vibration displacement; W is the strain energy; K is the equivalent spring stiffness; M is the equivalent mass; f; is the parse value; f; is the

finite element calculation result.
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