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Abstract: To reduce the thickness of underwater sound absorbing metamaterials and facilitate
their practical application of underwater sound absorption, a design idea of introducing mass
concentration effect into underwater thin-plate acoustic metamaterials is proposed. Generally
describing, for the classical underwater thin-plate metamaterial, the unit cell structure is
composed of a thin steel plate fixed around and an oscillator fixed on the top of the thin steel
plate. When a plane wave is vertically incident on the surface of the unit cell at a certain
frequency, there is a significant sound absorption peak caused by oscillator resonance. However,
in the case of keeping the total mass unchanged, if the original thick oscillator is accurately
divided into two adjacent thin oscillators, similar sound absorption properties can be obtained,
additional sound absorption peaks appear at the same time with multiple modes, and the thickness
of the metamaterial decreases sharply. This phenomenon is called mass concentration effect. To
reveal the physical mechanism of sound absorption and optimize sound absorption performance,
the effects of important structural parameters on sound absorption performance are discussed by

impedance matching mechanism and finite element simulation. Then a multi-cell structure is
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designed, which is endowed with good broadband sound absorption effect within the range of 200

—1 000 Hz.

Keywords: underwater sound absorption; mass concentration effect; thin-plate metamaterials;

low frequency broadband
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Fig. 1 Simulation models of two oscillator structures
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Table 1 Material parameters used in simulation
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Fig. 3 Metamaterials under mass concentration effect
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Fig. 4 Acoustic impedance ratio of M1 and M2

RELHT VT FC AL B 32 Ak A7 7E — A WP 3 B0M 24 = 1
FEWE , [RIE7E 335 Hz Zb g A B L =, RIS L
o e #R 4 I PR AR 7S B AR O, PRI AE 335 Hz
A B9 — AW A g, 5 180 Hz A kb, 335 Hz Ht
AR BHR L AR PR i B 1 R0 A — s HE B
KU, 335 Hz B B fe KW A 7 80 /N T+ 180 Hz B
(R R RS R X 5 18] 4 i a R — 3L

TE M2 S5 KA WS T B A M AR S 180 Hz
1335 Hz Wikh, 180 Hz AP R LK 1. 53, /4
UL 0, AT LUGRAIE W 75 U B 3T - 56 56 (1 W
FE. 335 Hz W A9 75 B R L AR PR e 25 1 Al
0, =R E TE 335 Hz B AN 23 ) B Gl Ay R P 0 L X Al
ATAAE R 4 TR AR BIESE

3 RS HOW W Pk REAY R

3.1 HERTFEEZRREERNZMm

BN TR ML 450 TR+ Z BB & D
P P FR B 52w WF 58 T LR LA B0 s 1 B
1.1, D=0 mm;fEH 1. 2, D=2 mm; 5L 1. 3, D=4
mm; fF 1.4, D=6 mm;[EH 1. 5, D=8 mm,

ST T W M R S iR T B X RS RE Y 52
ma), XPAE 0 1. 1~ 1. 5 AW 75 28 FRORI I s W 1) 43 248
F7 7 BEs sk 2 Mk 3 Fros.

PR ] A [R]85 ) ML 45 0 W 7 7 O A9 50 (A
PREE RN 5 FroR . X FH 1 AN 0, w] DLE AR
HWEHTE D AR O ER T, B AR T Z W
18 B O AR W P R BB K. BEE D M 2
mm 34 K F| 8 mm, W R B 0.476 ik /) F)
0.461,24 D=0 I, WP ZECH 0. 46, HAKUL A
1 1~158 1.5 H s 1 AW A5 0 1 45 32 0 3l Ry
220,180,180,190 F1 190 Hz, il LAFH H,.24 D M 2




512 3]

Th7R ik o 45 KT WP o ARk 44 I A 4 vl 280 B 167

+ D=0 mm
—4— D=2 mm
—v— D=4 mm
0.4[~—+— D=6 mm
D=8 mm

il ! I I .

0 50 100 150 200 250 300
% /Hz

BS54k 1R)AS R B 1 ML 5 0 R 7545 20

Fig. 5 Sound absorption of M1 structure with different

,
500

.
350 400 450

distances between oscillators

mm H{NE] 8 mm W 7S I H) R AR R K Y D
=0 mm B, B PR 55 9 — > S A 0 S I
WA 6] e RS Bl AT R R PERE

A2 B LR EER R R AR R
Table 2 Absorption coefficient and frequency of the first

absorption peak

D/mm W5 R EL o 4%/ Hz
0 0. 460 220
2 0.476 180
4 0.471 180
6 0. 466 190
8 0.461 190

A3 FLARBEEGRFE ZEARE
Table 3 Absorption coefficient and frequency of the

second absorption peak

D/mm W R E o WA/ He
0
2 0.411 340
4 0. 382 350
6 0.327 370
8 0.292 420

XFFHE 2 AW 7 0 B DO 3G, TR 0 Y
e R 75 72 ORI 75 W (%) A1 22 0 A B S ) A8 Ak, B
BEE D M 2 mm HNE] 8 mm, W A ML 0. 41 T F
F 0. 29, [F] s, W 75 U 14 AR 38 ) BT G ) A R 1R B
3124 D=0 mm B, i F IR T A M E 7, Joik
I L A A R B i B a3 T A 0 3 R Ok 3 AT 0
7 L AE 0~500 Hz yu [ NI 55 2 AW i,

http: // zkxb. xjtu. edu. cn

0.477 L 107

0.4 B
i . 106
0.473 —— R
o - ae PR H:xs '
A TeERERy |0,
£ 0.469 -
& v 03"
0.465
0.2
0.463
. 0.1
‘o— - -7
1 y : 0
059 2 . ‘ 8
D/mm

()2 1 W e U X 3,

0421 ‘ 1315
—WEEH p
0o - o
——EHELy, .- . 3.0
A
038} 1ps
& 036} «
W - =%20™
E -
=034 -
_ {15
0.32f -
5 -
030f -~ 110
1 1 0 5
ety 4 6 8

D/mm
(b5 2 W e I X de
&6 fEBL 1 L~1.5 e g iy 75 4T
Fig. 6 Acoustic impedance at the acoustic absorption peak

in cases 1. 1—1.5
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