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Fig. 1. Schematic structure.
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Fig. 2. Insulation sound pressure level spectrum of the

center position.

014307-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 66, No. 1 (2017) 014307

X2 2 i = MR PR 19 HR ™ £ 1 )
SRR A P A B I FCED, BT DAAR R S B —
FLPRATR () R IR A Ay (2 RE LERE A 22 5. A
B2 Fa] LU B, P AR i A it 20 A2 RO

X B TR R R ). — T, R
{ELOT B T AN S i LR AT, G0 778, 836 il
876 HzAb. F34b—Ley a2 T 2 Ity Fe ik
1 BTG R AH TR A T ), A SO IR N 18

T 36 Bl A 3T SR H R SR R A 0 A A A
BRI SERAR T ORI, 3 2 (R AFAE 6%—9%
22 5, 1K 3 B RN FE BN I AR iR T 2 =4
RN A7 E BETH 23 (8] S5 A0 BLAE 2, [R5 R H
LR RIS ARG R M REE—TN
ZER. AL, BRI, ZERIE AN, JE AR
M i) 838 ) A JT

B3 g5 W 7 JLAS JE 3R B A3 (778, 836
876 Hz) &b 75 & 2 v A 1, B A R B e AR R AIK
7R, BRSSO 0, T vk AR 3R v P
%, RIRE S N X,

B 3 55 R AT WL, 49002 9 778 Hz I, IR
X I B TE S 1 R BRI, B3R Ah 75 2
R, T LR IE 2 2 12 B A T AR A, 2400
836 Hz I, K g X Ik E EHEFEFE 22
[ 0 P9 38, SR 28 2 J2 A A T L PR A 1 440 R
876 Hz INf, WU IE4F1E 56 4 2 [F 5 55, L 26 3,
4 BRI T ILIRA. B oA 45 Rl WL, AN
LR TR 75 XN 5 o BB 5], E
2 g RN, BT T A RN B BRI B
&, 1M HAERABR S X P 393 5 o0 A, B 75 AL
R, BRI R, G R T DL S
WA —A> “22if i) 1) LR A X

Jh B3 T b SR A A [RIR S T 1R 75 3 40 A R,
M3 T LIRS T o Fly AAKR 5 ) bR
FERSAEN, ME AR, HhE4(a) Rone
Jr G DL, B4 (b) FoR y I7 1A E Ol B 45 5 wT
W, ZFILIRAT, WIES A BB T R R
B AR X B AT DU I, AN [F) 4R 4% )
N7 RE R ZEX L 778 Hz i, <28 X7 £ 5
LEHTE (—0.05 m, 0.05 m) f X [8]; 836 Hz I, “
AR YRR T (—0.1 m, 0.1 m) VS 44t
Wi BT IR, B 876 Hz I, 25X Yl —5 4k

B (—0.15 m, 0.15 m). X 15 B 38 ik I AN [F) AL B
b B e P SEIRIRES, P DASRAAS [RR S (AR 1R
X,

Fyhb, 15 B A FE n] LR I AN BB ELA.
PiliE B A 2 bR R N m bR A E. i
BT EATIIA B AT LRI, X Se kAR I bR R
RUERL T AN A6 bR E A TILRAS oo, X
F2 BRI I T ) BT Al T HERRAS, B2 R
RE BB Jm JE A LR s N, 3 s LI o B I T

[ 7 TR BB B O R, 75 IR BT e R A M. 5
NG ZAE R 4 (a) AT LU S 2 A3 0 A
AKIFREIE DL, R RAE T AR NS 3 2 1277 14
NG, i o Sl TR RS, B R
Az IEFRRE RSN TIRZ . T4 (b) hy s
) 5 NSO 3R B, BT AR 370 A EEX RS

T 0

y/m

-

—50

z/m

y/m
. »

—60

y/m

—80

z/m
3 (MTIRG) NEIIRME RS (a) 778 Hz;
(b) 836 Hz; (c) 876 Hz
Fig. 3. (color online) Acoustic field distributions at
778 Hz (a), 836 Hz (b) and 876 Hz (c).
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Fig. 4. (color online) Insulation sound pressure level
distributions in z (a) and y (b) directions at different

resonant states.
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Fig. 8. (color online) Acoustic field distributions at
frequencies of 785 Hz (a), 840 Hz (b) and 890 Hz (c)

for experimental results.
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A broadband low-frequency sound insulation structure
based on two-dimensionally inbuilt Helmholtz resonator®
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Abstract

Helmholtz resonator (HR) has already been demonstrated both theoretically and experimentally to be a meta-
material with negative mass density and negative bulk modulus simultaneously. The HR can resonate at a frequency
corresponding to a wavelength much longer than its geometrical parameters. At this time, the incident acoustic energy
can be located. Therefore, the HR structures are considered to be good choices for controlling low-frequency sound
waves. Furthermore, existing results indicate that the wide forbidden band could be formed by a one-dimensional
structure shunted with detuned HRs. Based on these aforementioned theories, a man-made acoustical structure with
broadband low-frequency sound insulation effect is designed by circularly inbuilt HRs. Beyond this structure’s surface,
a two-dimensional quiet zone can be created. With the same simulated model, an experimental structure is fabricated
based on PVC plastic material. The structure consists of five layerd circular plates. In the top four plates, two kinds of
holes are drilled. The smaller holes in the top plate act as shot necks of the HR, while the bigger holes in the middle
three plates serve as the cavities of the HR. They can construct 60 resonators with different resonant frequencies. Ex-
periments are carried out to study its sound insulation properties. In the experiments, three kinds of HRs with resonant
frequencies 785, 840 and 890 Hz from inner loop to outer loop, respectively, are formed. The experimental results are
very coincident with the simulation results from the software of COMSOL Multiphysics based on finite element method,
which shows that this structure has an excellent sound insulation effect in a frequency band of 680-1050 Hz, and the
maximum insulation sound pressure level can reach 41 dB. Meanwhile, the distribution of the two-dimensional sound
field is measured. The results point out that the range of the insulation area can be changed with the incident frequency.
In addition, the sound insulation effect is sensitive to the resonant state of the HRs. When all of the resonators at the
same loop resonate simultaneously, the insulation sound pressure level will be higher. On the contrary, the insulation
sound pressure level will be lower because of the energy leaking through the positions where the HRs do not resonate

with the others. This work will be of help for designing new sound protection devices for low-frequency sound waves.

Keywords: Helmholtz resonator, low-frequency insulation, two-dimensional acoustic field distribution,

sound protection
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