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Fig. 1 Schematic diagram of the acoustic metamaterial plate

with obliquely installed springs
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Table 1 Material parameters for the structure

R FHE/(kgm™)  PEHERTRE/(10" Pa) TR
g 2700 7.000 0.330
il 7780 21.060 0.300
AR 1150 0.435 0.380
i 11 600 40.800 0.369
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Fig. 2 Variation curves of normalized stiffness and normalized

force with y
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Fig. 6 Finite element model of the acoustic metamaterial plate
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Table 2  Structural parameters for the acoustic metamaterial plate

AR k/(N-m™) k 6 Y mkg kg /(N-m)
IENIEE 10 000 02 06 09 0.1 5264.0
BRI 10 000 06 06 09 0.1 —4208.0
MR 0

[ 7 25t 3 T AR BT 75 268 A ek Al P e 7 P e
k.

7 Al Q%A 7k (equivalent medium
method, EMM) Z5E 5FFRICE (finite element meth-
od, FEM) ¥ AR & WG, Wik 1 BUETTHA
BRI IE A . 24 /5 AR IE NI, A7 7E
T AR B DA R RN B PSR4 5 75~ R Ry
IR, AT R G R e L R AU W& 807,
PETAE 200 Hz DL 55 B 52 B T8 ) A8 AR A0 B 75 500R
BN B ToRF AR b, S R R A Al A AR B 7
D7 AT B RS TSR E TR RS,
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Fig. 7 Comparison of transmission loss of the acoustic
metamaterial plate at three equivalent stiffness values
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Table 3  Structural parameters for the positive-stiffness
acoustic metamaterial plate

TH  k/(N-m™) k 5 y k/(N-m™)
1 10 000 0.4 0.30 0.90 8304.0
2 10 000 0.4 0.50 0.90 3120.0
3 10 000 0.1 0.61 0.90 7567.2
4 10 000 03 0.61 0.90 2701.6
5 10 000 0.4 0.61 0.82 7358.0
6 10 000 0.4 0.61 0.86 3895.8
7 10 000 0.4 0.61 0.90 268.8
8 10 000 = = = =

F I 9Ca) T, 52 & Ay, 38K 0 AT {ifi ey R A
RIS ; A, FEERIEEXTEREA, B ARy,
PIREM R IR RS 3l . 455323 Al M, P
AR AW B AR, Ry O R A AR, g 26
SSCI P2 A 1 B P DA LU AR S A0 BE A e 24 35 dB. AR
M, O & AR 1 SRR AR % y A 45



%4 VT, AU, R, 0 B, EBbR, BT MEERRIEE RS R AR R R R 2 b 161
80
46 Hz THi1
60l 28 Hz Imz
=2 — 17 z
£ £
B B
b8 8
.4 .4
0 - : 0 :
1 10 100 1 000 1 10 100 1000
BiFR ez, BiFR Mz,
(a) B2E S (b) i k
80 80
ABHz s 46Hzp ——TBL1
i —— TH6 i —— TH8
o 60 31 Hz TH7 o 60 50 Hz
£ £
B B
8 5
4 .4
o 10 100 1000 1 10 100 1000
$HHz WiER Hz
(c) %y (d) FE5e% 71
PO IERN SRS~ b Ak bR P AR P
Fig. 9 Sound insulation characteristic curves of the positive-stiffness acoustic metamaterial
MW, BAASHINR AR, T.008 [FFE R ok
3.2 fANIEFNE TR, A HhZaniE 10 s .

3
B,
.24
g
R
B
5
#
1 10 100 1 000
PiER Hz
(c) %y
10

tEEH#5/dB

ferEdiig/dB

P TO AT, 7 67 W X SR P, 3o, &

—TIi1

10 100 1000
PiE Mz

(b) M k

—TIH1
— 58

100 1 000

1

0
BiZHz
(d) oY+ 4R

7B P 2 R A P A 2
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Table 4  Structural parameters for the negative-stiffness
acoustic metamaterial plate

TH k/N'm™) k 5 y k/(N'm™)
1 10 000 0.4 0.63 0.90 —249.6
2 10 000 0.4 0.70 0.90 —2 064.0
3 10 000 0.4 0.90 0.90 —7248.0
4 10 000 0.6 0.63 0.90 —5374.4
5 10 000 1.0 0.63 0.90 ~15624.0
6 10 000 0.4 0.63 0.94 —4088.6
7 10 000 0.4 0.63 0.98 —8094.5
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Sound insulation analysis of a quasi-zero-stiffness locally resonant acoustic
metamaterial plate

TANG Yanning', DONG Xiaochen', WANG Hongnan', BIAN Chao™, XIAO Xinbiao’, YUAN Kezhuo’

(1. CRRC Changchun Railway Vehicles Co., Ltd., Changchun, Jilin 130062, China;
2. State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong University, Chengdu, Sichuan 610031, China;
3. Urumgqi Rolling Stock Depot, China Railway Urumqi Group Co., Ltd., Urumgqi, Xinjiang 830022, China)

Abstract: This paper proposes a quasi-zero-stiffness acoustic metamaterial plate with obliquely installed springs to achieve broad-
band low-frequency sound insulation. Firstly, the normalized equivalent stiffness was derived and the static characteristics were ana-
lyzed. Secondly, a sound insulation model was established, and the sound insulation effect was evaluated through numerical computation
and finite element analysis. Thirdly, the sound insulation performance of the acoustic metamaterial plate was computed for different
equivalent stiffness conditions, and the influence of design parameters on the sound insulation performance was further explored. Finally,
a systematic analysis was conducted, covering the key parameters of the quasi-zero-stiffness locally resonant acoustic metamaterial plate
with obliquely installed springs for sound insulation. The research results show that the obliquely installed spring cells offer higher stabil-
ity and a wider quasi-zero-stiffness region at the equilibrium position, and the model exhibits excellent stability and adaptability. The
findings provide novel insights for the design of acoustic metamaterials and a valuable reference for related research and applications.
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finite element analysis
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