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Analysis and testing of spiral sound insulation metamaterial
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Abstract: Due to the difficulty of attenuation of middle and low frequency band sound waves in the process
of propagation, the control of middle and low frequency broadband sound waves has become a challenging
topic, so it is necessary to develop new materials and structures with low frequency sound absorption and
noise reduction functions. The special properties of acoustic metamaterials provide new ideas for the
development of sound absorption and insulation. In order to effectively control the noise in the middle and
low frequency bands, a new spatial spiral acoustic metamaterial was designed and optimized by using the
finite element software COMSOL Multiphysics, and the sound absorption and sound insulation performance
in the 100~2500 Hz frequency band were calculated and analyzed. With the help of 3D printing for
completing the preparation of metamaterial, the sound absorption and insulation performance of spiral
acoustic metamaterial were compared in an experimental study to verify the accuracy of the calculation
method.

Key words: optimal design; sound absorption and sound insulation; acoustic metamaterial

Wk H . 2025-05-17
HEWH: ERBAREIS I H (51609037); KM T R2EIARIL 452455 H (DUT22GF206)
EZ R X1 #8(1982-), 3, i+, g TREIM, i iRA/E#, B-mail: liusong@dlut.edu.cn;
XU (2001-), 22, BH-BF5e A B3 (1997-), &, W05 B4R (1978-), I3, I ##%;
¥ BE(1998-), B, Wi-HBF AR A —IR(2001-), o, Wi H0F5E 2 5 32(1963-), ¥, BI#I%.


https://doi.org/10.3969/j.issn.1007-7294.2025.11.014
https://doi.org/10.3969/j.issn.1007-7294.2025.11.014
https://doi.org/10.3969/j.issn.1007-7294.2025.11.014
mailto:liusong@dlut.edu.cn

511 XY ANAE BRI B A AL TS AT 1819

0 35|

][l

258 BT RS I, A GEAh RIS PR BB, 75 B R R A BE A S AL AR 7 38t A% e b 7 b e
TR Jo e, 3 e R AN R T A B A ek A Dy R AR R B AR AR, (RGN T ) SR S e, FLE
VEAEARA B L R A A R PSR LG B, W 7 AR 1 TR T A SR

A B P 2 AR — AN BRI, R AR I P AN BE AR P LR . B B AR SC B AN T
Fw, AR BRI R BT, JUHAEATZS IR . BN A 5 SR B TR AT 5. P Al A R
KIS T REAE SN 7 el S e A AT % . S5 FAL e 75 AR e SR i FH v ) =y B, T F
e ELAG VAT o 75 R M)y e 14 R R MR ok 5 4 SR AR A L1 o

HR, JE 8200 P 2 b R G ) | AR . Helmholtz B A1 i 23 [A]HI45 2007 4E, Wu 257
AT T ST MR SS F 0 R Sl iR, SR T X 45 4 11 BT SR A 1, i BV A, JC T T JE AR M s 45
HIAYTTEL . 2012 4F, Mei 2607 4 72 5 ORE, 38 3o PR B2 A T A S BRARR A8 BE e 7, 6%
P RBGKE] 0.7, [H 0 BB AS, 7552 bR TR A bW A AR R AR . Sui %Y B T — R
500 Hz LA F IR S35 KT 45 dB By Wess AU 24 A0k (0 i T 2540 K H 2 280, MELURZ TR
B E R, Nguyen 255 F 27 2 22 108 2845 M T 1 03 K AT 75 2%, S0 T A3 L 53 A By e 7
B B  A C IN YR G N I e By Ny /3 ) N B S O 11 2 1A g WO AN L S

25 I, AN AR I B 7R R R RSO 2 | SRR F ki L B AR T R A M BE AN AR
B S [A)/E, Helmholtz YW B 7 8 AR AR ZEAR BRZE | ARFRR . G540 52 2% 45 SR BRI, AR T TRR S ko
H TR AR BTN GRS AR S | BB S H, T BETT T il A As (el A R, 2
)R RHELA B AR W P RN P 1 R, A5 ALK AR T IS, SRR Helmholtz UK R AT R A L

2012 4E, Liang 25 it T AR R LR A5 M 23 0 4540 . 2014 4F Cai 457 #1 Li 250 @i & ith
23 (AT T — R0 7 B 2 1, (AU PR A 45648 . Chen 257 I Mie SEHRAR MR 1T 7 020 E 8 18 1) I i
KT RSB R 22 1, SCBL T USSR, FFRAE T HEA R BE A P BE, B B W P RE
Maurya 25" 42 17 —Fh = 2 K7 s ) R 2R AR, A XU, B R RE R, (AR 9T e
BHAW TR, 78 LIRBFTE D, 0 A & 30— FP B [ i L5 W AR s M B, I o IRy B2 BRI 1Y
REREL, PRI 2 —FhEREIR A SCRERR S I AR SR 2 —A R Pk . PRIL, G BT S —Fhoxet {1
AR P ORI B, AR FH Y R BB R B s e

ARSCEAT T —Fhopn 28 1) 2 (] R e Qe B P B AR, I3 ek 3D 4T Bl A A A2 xof HL i o s e R 1 A 7
T IAIE, ZHEILE 100~2500 Hz #5E Y FEEL 75 A A PR

1 BHEhgit5hE

1.1 2B A R iRt

PR AR L S BOR AR V-5 HR R PERE B A O . BIFSE A E A T iy i — 2D R
AT BRI, Fh TS, IR NS R IR

PR S A AR R T2 ARk i R MM BURRE PR, JHE rp S5 A0 B RS PASE A
BRI RS R FAR B IX TR O A, (H AT DA B S AL 2R R R £ S UA R
RHERIBPRL, PR AR P fE . Mie HRIE—FhEE T Mie BUR AR AU BE LIRS,
58 2N A SEPRRE £ Mie 28 S Il A R 28 A F) S J JT 90 1) S 23 A8k 0 2 P X B AF A 1~ SR, T
SRR X R B AR, 25 U Y Mie SEIR BICRERSAEA R AL 350 B AR - (AR 1, 1
W\ T2 2RI RASE S, FEAN R A FE N AT S B A S 2™ A Mie JLAR, 75 e
b B A RE W I8/ N TR 2 R A R BE, 25 ()3T & RS (R S A AR T2 P A RO K



1820 FiEAR 32 529 B4 114

A i 2 (A AT RHE — LT MR A AR — D7 T, i T2 Ul FP i sl I 2 55 BE T A A
18, 5 U REARURE, S BOR MRl 53—, 5 2 ) S5 P AR B A K, S AR I ), A
REARR . I, ASSORFIESS AR AETE 51 A S bk, LA &+ 5 AU A9 1E 7 A s A4 R o W dn e
AU, AEICHER 1K ARABER RS TR , A R B 7 AR A M il 2 R P 2 R

ARSI Hh ) s (e R e P 2 A e i R A ] 1 /i, LARCA TESSHE R B IE D7 AR B R
AR G, R R R A5 S i, R OGO R, DU L7 R BRI B i
% 90°, 180°, 270°, RUAFENA T | 26K | 26 b = ANRE, DU RE, LAIMORA 1 2 1] R ke U -
kb, B RIZECE E=2 GPa, v=0.38, p=1210 kg/m’. A T 18T AT, A SCRALEAT IE I
TURGEBRIAR A 7 B, R HAT BREAA T ) AR A 6 OB R, T e B I S TR AR ety

TR B RLPR A 2 (R MR e e Al bR
©@© @
C Ol O

@©

R Sy AL AR 75 (] e AU A Ak
7000 m
6000 — =
X 5000 7"_\m
S 4000 | ~ — ) —
R

\_/——’_
2000 F I B
1000 \//v/ | \ //
0 . L 1
Bk k

K1 =R R BRI AsH S REl A R 1

Fig.1 Cell structures and band structures of three metamaterials
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Tab.1 Band gap frequencies and band gaps for different spiral inner diameters
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Fig.4 Curves of sound absorption coefficients of metamaterial with 1-3 cells
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