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Design of Low-Frequency Sound Insulation Model Based on
Acoustic Metamaterial
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(School of Information and Communication Engineering, North University of China, Taiyuan 030051, China)
Abstract: Since low-frequency sound waves have longer wavelengths and are penetrating and difficult to
attenuate, they can easily bypass obstacles, so excluding the interference of low-frequency sound waves
has been a major problem in acoustics research. In order to achieve effective absorption of low-frequency
waves and solve the problem of noise pollution that is common in modern production and life, this paper
uses COMSOL finite element software to study and design a two-dimensional three-component local reso-
nance type metamaterial model based on acoustic metamaterials, and conducts research on the sound insu-
lation effect of metamaterial models with different frequencies, different thicknesses and different shapes
and structures. The simulation experimental results verify that the model can achieve the absorption of
low-frequency sound waves, effectively reducing low-frequency broadband noise in the frequency range of
20~3 000 Hz, the maximum acoustic attenuation of 30 dB can be obtained, this thus achieves a good
low-frequency sound insulation effect, this research has good realistic value and development space for the

development of acoustics, and provides more possibilities for the high demand of vibration and noise reduc-
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tion in civil and military fields. It can be used to screen many different applications.

Key words: acoustic metamaterials; low-frequency sound insulation; low-frequency vibration and noise;

phonon crystals; COMSOL

0 5| §

Wi BB 0 & R S5 kD, ARAR Sl AE H
A A T R R A AR . A L AR e, IR
BV R N A AR O 114 7 AR
RAIE 200~800 Hz LA, 5T 0, K] 4k T
AR (1 000 Hz) FR8E T X A A4 B o i B 19 98 75
AR K, Hid 50~300 Hz #2857 fin B
B, 5 5 ANENE B AR, X AR W7 b
2 0 IE THRERAATERELE; ENK
PR SR (30~500 Hz) , 3% S MR IR Jr5m , i
BRI A N R . AR 2022 4F v [ B Y5 e
Bij i 4 BOHE ge i, MRS U 26 R R S A
401 T34, Horp At oAz 1E M (5 57, 9%, S T
M 5 33,400, TolEMER 4. 5%, A8 iz K Mg s
did. 296", TEIBSR AT AR, MR AL T
NEAE SRR A — [0, AL GERR 5y ik
— e SR FH i - T B 1 B SRR A A5 R, A T
MR, B 7S MR, AR R B RO R 2
RIS U, 32 3 o i R R, AR b 4 A T R
K1 m™, RHARMET 2 T8 R SE B
[T

FH AR SRR P A, SRR AN R g
Pk Z BSR4 ) SO M HE 2 T N T A
BB Liu %5997 21 20 w3l s 2 B Bk
FEE G LR AL IR BT, I8 ] 4 1 b i
B 5T CER SRR JIR D i DT ) 7 2 e b R
2R 5 I, 29 4 T Helmboltz
LR 50 (R 22 IR S B PR A 25 KD B 75 e 7
SER PR | A5 B T AH G 45 4 JE B U AR
A5 BE ) IR BE AR L A58 . 2008 4F, Wk
SRR T T Ry el iR B O I A R 2 A
b, AR B B R A PR g, S
2 2 5% i b R A, il HAE 50~1 500 Hz /9 5 7
PIARAS T8 R0 0P SRR, (E2 IR AR B Y
TR 3 LA, Ll A — e Bk . TR
AR A TR AN T A2 8 I 7 Rk I FAE A5 1 5[]
B R R K KT AR T R M s ST
ANERAE GG , R T R A AR e R M

RE, A EIIR Sl M A A7 R il Bt 1 i R

ASCLAS AR S, Bt 1 —Fh 25
H 2 = 3t SRy S R R P 1 A A R ) S B A
T, B8 A [ 931 258 A5 7R 5 75 ARl 17 R S B T
G, MRS RE AN R AR 75 2 A5 A BB A T
1A B S T AT

1 BERERSEREIT
1.1 HiESE

P A A i LR 4 R R A M R A R
P HJEE R A 2 25 A S SR R O oK
SR SRR A PR, 257 I 5 e A e R A
I, 52 30 P S J0I R S5 R R, AT R i
P ALRE , A% 52 IR FH V38 K 25 by 8 42 AF 030 508 ol
PRI WAL 1 BT Y =0 b AR S Y
AL R 75 2 A R P T A AR

F1 MBI =t SRR 5 T A AR
Fig.1 A typical three-component local resonance phonon crystal

model

=3 SRy S R A R A S 3 K TT DA LA
AR A A BT R 202 B, R TR LT Y Bh 7
SEREME— B AT —AN T, YRR 1 Sk
W AGF B AR ZE R BT B, B TR 2 AR
(B) ISR, B (OO MR 4% B R CAD B W] F 1l
B2 T W, AT LA LA A o R e 2 8 AR A R
I — AN IR T DA B IT A HR O R ST A7 R AR
B, B m B SR L3y Ras sh, w2
R IR BSOS A ORI 3 31215 24 7l DA AR (1
— AT, SEARLE SRR T R AERS), RE
G TRl TN N NTTITR &2 S i €
2SR . AN AN ZE MR A IR AR /N, T
T B MAR K, HAEIRIF R w, = /M AT L
FESAR, Kb AR R B, BB



CESE 164 D ST AR R (R R S ST (RIHERT 26 189

U I T LA S o T TR SR L i
T AU AR TR AL, T I LT

A3 COMSOL A BE o6 i 9 17 (8 #
U, AR A A B SRR 1 PR (REE TR

WU PR A7 A (8 IO AR 1T LSRR
w* = 4KM;'sin’ka, (D
Me“:M1+MQCUg/(CU(Z)*U)2), (2)

wo=+2G/M, , 3
Py FOR BRI NZ BT 5 m, Ko H N
R ; MR AR ; o FoRIRINER; ok
TR AR A, BV R S ER IR Z ] (Y PR
B =i R R A R A 5 U R A
SRS LT, AR FEIR)Z RIS L my, N
ERE BRI W m,, BN Z TR m g 3R, |
AN mg i, TPIREAR I EATRGR A5,
TR AE— DI, H s W iU g R,
SR A O AT DL

Mgy = Py TR, 4

Mgy = Oxeim(@” — TRY), (5

wo=2G/pypxTR, , (6)
Mcfr::‘)awm(az_“R§>+P%,E~WR2“’%/(‘U§_‘Uz)o (D
YR AR IR B ILAR AT AR, RS H AR 2 A
R A B R T A Y de A 2 R A )
PR AR N 2 SR TT IR s R gl , i e ) 2 5 AR
RN ZUIR Bl o 33X R R A G A S ip 28 0 Jey Sl A iR
BT, N5 R b A I HES B RO R 7 Az 54U
f 22 TS, 38 W e A R I A SR B v, R
JERT B D A RE OGRS A
ST 200 23 R e A Rl 30, e I 7 2 6 6 )
RBHRIE AR

1.2 BIRTEREHEL

T 4R RN = 2 = e Ry SRR R AR ], AR
G MR AT A3 AT, LA B 4 bl DB
AR B EAT WS, E BE TR ) 75 24 ) 3837 RN 0t 35,
J& . fHH COMSOL g 57 Jry s S g Ji A 25 44 75 2
AR EE R A AL, R K M SE 4 0 0.5 m Al
0.27 m, Qi 2Ca) iR, BRI AL 32 2 2
3N BATCH BRI R ILIR T F S AR, B EE R A AL
SRR R — 3 W N &R A, AN MR .
X2 T 5 E — AT BB HE S S A A B 4 sk
Hr, A 2(b) FfR s BERLEE R B TS S TR A
FERE TR MU — 7 B B Ah 4 B s U R TR, i R
A AR T R TR A 18 ST TR 43 ) DA A S
N TR PR 22254

B T=293.15K),

0,6,0.0.0.0
0262535202029
o°o 0,0,0 n°°

0202020%0
cosososnlon
69690069595

&)

e Wa\

°°°°°°°°°°°
9262026262625
0203020202030

09030%03030!
0202020202020
0203020202030

03030303020

O 00O
O00O0
/e

N

YOO OOO
OO0OO0DO00OO0

)
S

(a) FHIE45HY (b) IE=H5
2 B i gy
Fig.2 Two-dimensional structure of the model
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Fig. 6 Comparison of sound insulation effects of models of different thicknesses
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