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Abstract

This paper proposes a novel membrane-type acoustic metamaterial framework structure, which in-
tegrates an annular mass block with a Helmholtz resonator design and introduces a thin film at the
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bottom of the resonator cavity, thereby achieving excellent noise reduction performance while effec-
tively reducing overall weight. The resonant frequency of the membrane-type acoustic metamaterial
is derived and calculated using the lumped mass method. Through numerical simulations, the sound
transmission loss (STL), sound absorption coefficient (SAC), dynamic response, and vibration modes
of the structure are systematically analyzed. The results show that the average STL can reach 69 dB in
the frequency range of 30~1200 Hz, and continuous sound absorption peaks appear in the range of
700~1060 Hz, with an average SAC of 0.784. This study provides new insights into achieving light-
weight and multifunctional integration of acoustic metamaterials, and offers a reference for broad-
band noise reduction applications in practical engineering.
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FELRE R AN L BRAVE T, WPy G — BRI TN 52 T AN ES g i e ) FA s e 1] [2] 0 g 7 s 1l
AR 2By R RO S R AT, TR BR AR AR BRI BT B, R AR REAE S &, AT DL — D4R
o P R o AR 7S RIS 75 BB TT 2R, 7 S P P U o P R R s SR R I D R SR R
1A% G0 [ M S5 A0 52 BT B — LU HIL, X DA [ B S A5 I8 B 5 SO PR X 4l o DRI, A 1 B e
A H T B IR P 3 2 (AR HH 22 W, o LA R 3 2 B 75 5 R 75 ) e M R3]

FE - e AR P A R tH I e AR IR BRI 1 RS A PR R R TT R [4]. A R — B N Lt
R E A4k, R oo R/ N F B 38t g0 50 S KA 77 Uk T s &, wr
DA% P I BB U I A B, TP AR AR PR i B . SR R . UM RS — R
H SRS B R R VT [S]-[ 7] 0 T B4t  H A 3 2200 75 22 ARG MR AL . SR Y . I E
RS, 2L, iSRS (8]-[11]. v T RN SEL R A IR BRI, 2 SO AN R 2R A
FESE R A G5 A AR T B A, SRR AR 110 2 A0 T B0 5 36 3 e 30 AR AL 1) R 8 R O L 1) R 3 kA
RN A DM [12]. b, 2018 4F Wang S5[ 13|t —FUZ IR 2@ AR, 72 Im S0 A PRU T
JEARTE S R RE AR Rk P RS rh B B ARG SRR G (1 I = 2 b b 2 R), FE i AR ) 2 FLA R
W 75 AR LN PAREFERL, SEBL T 312 Hz #R SAC KT 98%, [AIIAE 200~1000 Hz STEL N, Z5H4 5
PERETC I RIS B, H AR R . 2024 4F, Li Z5[14)84F 7 —FE 24 WO Z I E
25 WY 7 2B AR JE R S5 4, R P SR BT 792, GBI AN [R]FLAR (1) 22 I BB 24 s PRI R 5 3145 o IR A U
B T —ME 400~1000 Hz F A WS FIRE A S iy, ~F35 SAC v 0.5 “F¥RR A &N 101 dB. [A4,
Almeida 5[ 155 1H T —Fp i AR R, HE I 5 — P S . 32055 o I 1 b ke i o ik =ik
M o IZGERITEANR N 520 Hz [f] SAC Hiid 85%, TEANZR AN 1287 Hz 1) SAC TJIA 99%, Hididhngst
JEHIPE T SE IR PR I () 2 AR 2R s FERR A VERETT T, L STL RIS, 465 Hz B iA 30dB, 750 Hz K5
JEfEIL 70 dB. Liu Z5[16]W1H T — RS o BR RIS HE M RL R BRI 75 o 20044 PR TR AT SLER BRI ,
ZEERITE 2200~2480 Hz I ()58 7 BUR A48 40 dB LAE, kR A 208 N 73 dB. 7E 100~2500 Hz FEL N
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Figure 1. Schematic diagram of the thin-film-Helmholtz resonator-type acoustic metamaterial composite structure
1. HiR - ZBERIERSB[EEFBMRE S EHTEE

Table 1. Geometric parameters of the thin-film-Helmholtz resonator-type acoustic metamaterial composite structure

F* 1. HIR - 2 BERERSF[EFFBMRESEHMLATSH

h1 (mm) h2 (mm) h3 (mm) hs (mm) H (mm)

16 10.2 7 5 41.2
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Table 2. Material properties of the thin-film-coupled Helmholtz resonator acoustic metamaterial structure

2. BIR - ZBEZLERSB[EFFBMRE GRS

FHEE PR A B ( Pa) # % (kg/m*) HEL /N
EVA 6.4 x 108 980 0.49
H 70 x 10° 2800 0.33
o 200 x 10° 7850 0.30
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Table 3. Acoustic properties of the porous matrix material
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Figure 2. Finite element model and its boundary conditions: (a) sound insulation calculation model; (b) sound absorption
calculation model
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Figure 3. Sound absorption coefficient of the composite structure compared with that of ceramic fiber with the same thickness
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Figure 4. (a) Average normal displacement; (b) Equivalent mass
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Figure 5. (a) Finite element model of the Helmholtz resonator cavity featuring a thin film at its base; (b) Corresponding sound
absorption coefficient curve
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Figure 6. Normal average displacement diagram and equivalent mass diagram of the thin film
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Figure 7. (a) FE model without the central resonator cavity; (b) Sound absorption coefficient and average normal displacement
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Figure 8. Sound absorption coefficient of porous materials with varying thicknesses and the structure without a back cavity
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Figure 9. Sound transmission loss diagram of the composite structure
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