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The muffling characteristics of acoustic metamaterials to low frequency noise

CHEN Longhu
(College of Mechanical Engineering, North University of China, Taiyuan 030051, China)

Abstract: Aiming at the problem of low frequency noise is difficult to eliminate, the Helmholtz resonator and
acoustic metamaterial silencing structure of membrane coupling is designed. The buckling analysis by using
finite element software of the critical state of thin-film learned that the critical buckling force of the acoustic
metamaterial structure is 0.087 N-m, and the influence of film form on the peak frequency of transmission
loss is studied by using the COMSOL acoustic-solid coupling module. The results show that when the torsion
angle of the thin film increases from 0° to 30°, the overall stiffness of the thin film increases, and the frequency
corresponding to the peak value of transfer loss shifts to the right by 30 Hz, with no obvious change. In order
to expand the frequency offset range, a vertical downward pressure is applied to the torque bar on the basis
of torsion of 30°. The pressure increases from 0 kPa to 2 kPa, and the membrane prestress increases and the
system stiffness increases. As a result, the peak value of transfer loss is shifted 170 Hz to the right. Finally, the
experimental platform was built to verify that the frequency offset of the thin film during torsion is basically
consistent with the simulation, and the frequency offset is consistent at different pressures, so as to achieve a
wide range of low frequency noise control. It provides an effective basis for the design and control of acoustic
metamaterials.
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Table 1 Parameters and dimensions of

acoustic metamaterial
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B:Linear buckling: Directional deformation
‘Type: directional deformation(z zxis)

Load mutiplier: 0.4332; Unit: mm

Global coordinate system
2020/3/24 11:48

1 Max
0.77783
0.55566
0.33349
0.11132
—0.11084
033301
~0.55518
—0.77735
~0.99952 Min

(a) SB—WrE 75 (0.4332)

B:Linear buckling: Directional deformation 3
‘Type: directional deformation(z zxis)
Load mutiplier: 0.47699; Unit: mm
Global coordinate system
2020/3/24 12:01
1 Max
0.77783
0.55565
0.33348
0.11131
~0.11087
033304
~0.55522
~0.77739
~0.99956 Min

(c) H=Brim s (0.4769)

B: Linear buckling: Directional deformation 5
‘Type: directional deformation(z zxis)

Load mutiplier: 0.66869; Unit: mm
Global coordinate system
2020/3/24 12:17

1 Max
0.77783
0.55565
0.33348
0.11131
~0.11087
~0.33304
~0.55521
—0.77739
—0.99956 Min

(e) SETBEHIELZS (0.6686)

B: Linear buckling; Directional deformation 2

Global coordinate system

Type: directional deformation(z zxis)
Load mutiplier: 0.43327; Unit: mm
2020/3/24 11:50

1 Max

077798

0.55596

0.33395

0.11193

~0.11009

-0.33211

055412

077614

~0.99816 Min
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B: Linear buckling; Directional deformation 4

Type: directional deformation(z zxis)
Load mutiplier: 0.47705; Unit: mm
Global coordinate system
2020/3/24 12:02

1 Max
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0.55587

0.33381
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~0.55445
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B: Linear buckling; Directional deformation 6
Type: directional deformation(z zxis)

Load mutiplier: 0.6687; Unit: mm
Global coordinate system
2020/3/24 12:19

1 Max
0.77781
0.55562
0.33343
0.11123
—0.11096
~0.33315
—0.55534
~0.77753
—0.99972 Min
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Fig. 2 Nephogram of buckhng mode
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Fig. 4 The curve of transfer loss
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Fig. 5 The diagram of four sensors testing transfer loss
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Fig. 6 The equipment and instruments for testing

transfer loss
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Fig. 7 Folded acoustic metamaterials
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