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Multi-Bandgap Design of Double Membrane-Type Acoustic Metamaterials”
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Abstract In this paper, a membrane-type metamaterial sandwich plate structure is proposed by combi-
ning the membrane-type acoustic metamaterial structure with the grid sandwich plate structure. The
structural model of the membrane metamaterial sandwich plate is established by the finite element meth-
od, and the mechanism of band gap generation is analyzed. Based on the single-layer membrane-type
metamaterial sandwich plate structure, double membrane-type acoustic metamaterials sandwich plate
structures with the same masses and different masses are proposed, and the local resonance band gap
generated by them is compared with the single-layer membrane-type metamaterial sandwich plate struc-
ture. The results show that the double membrane-type acoustic metamaterials sandwich plate structure
with the same masses can effectively broaden the band gap range and the double membrane-type acoustic
metamaterials sandwich plate structure with the different masses can effectively increase the number of
band gaps. In addition, if the mass adhesion position of the ‘film-mass’ resonators with the same masses
and different masses is changed respectively, the asymmetry of the structure will cause the double mem-
brane-type acoustic metamaterials plate to produce multiple resonant band gaps. and the bandwidth gen-
erated by the resonator with the same masses does not overlap but the adjacent band gaps will be com-

bined into a larger band gap, while the band gap width of other band gaps will be reduced.
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Fig.1 A unit cell of the metamaterial sandwich plate with

bilayer membrane-mass resonators



22 g h % 5 o OH ¥ M

2023 4R 21 &

1 TR kR RN R
Table 1 The materials parameters of the metamaterial
sandwich plate

E(GPa) v o(kg/m*)
T 160 0.24 7450
T 6 0.47 1300
Tl i 2.5 0.41 1300
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Fig.3 Band structure of the sandwich plate without resonator
(dotted blue line) and the single-layer metamaterial
sandwich plate (dotted red line) and the mode
shapes (a)-(d) of each order
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Fig.4 Comparison of acceleration integration of the mode

shapes (a)-(c) of the membrane-mass structure
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Fig.5 The mode shapes (a)-(d) and the band structure
(dotted red line) of the double membrane-type acoustic
metamaterials sandwich plate and the band structure of the
corresponding single-layer membrane-type metamaterial
sandwich plate ( dotted blue line )
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Fig.7 The mode shapes (a)-(h) and the band structure
(dotted red line) of the double membrane-type acoustic
metamaterials sandwich plate with the same offset and the
band structure of the corresponding single-layer membrane-type
metamaterial sandwich plate (dotted blue line)
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Fig.8 The mode shapes (a)-(j) and the band structure

(dotted red line) of the double membrane-type acoustic
metamaterials sandwich plate with the different offset and the
band structure of the corresponding single-layer membrane-type

metamaterial sandwich plate ( dotted blue and green line )
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Fig.9 The mode shapes (a)-(e) and the band structure
( dotted red line ) of the double membrane-type acoustic
metamaterials sandwich plate with different masses and the
band structure of the corresponding single-layer membrane-type

metamaterial sandwich plate (dotted blue and green line)
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Fig.10 The mode shapes (a)-(1) and the band structure (dotted
red line) of the double membrane-type acoustic metamaterials
sandwich plate with different masses and the same offset and the
band structure of the corresponding single-layer membrane-type

metamaterial sandwich plate (dotted blue and green line)
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Fig.11 The mode shapes (a)-(k) and the band structure
(dotted red line) of the double membrane-type acoustic
metamaterials sandwich plate with different masses and
the different offset and the band structure of the corresponding
single-layer membrane-type metamaterial
sandwich plate ( dotted blue and green line )
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