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Abstract: To ameliorate the low-frequency sound absorption performance of bulk porous materials, a theoretical model for predict-
ing the sound absorption of the composite structure incorporating flexible ultra-thin and bulk porous materials is derived. The model
integrates Johnson-Champoux-Allard (JCA) model and acoustic impedance model for flexible ultra-thin materials, employing non-
woven fabric and melamine cotton as illustrative instances. The accuracy of this model is validated through experimental verifica-
tion, and particle swarm optimization (PSO) is employed to optimize the parameters of the composite structure. The analysis re-
sults indicate that the addition of a layer of non-woven fabric on the surface of traditional bulk porous materials significantly enhanc-
es the low-frequency sound absorption performance. This paper provides a theoretical foundation for the determination, analysis
and optimization of the sound absorption performance of the composite sound-absorbing structure composed of flexible ultra-thin
and bulk porous materials, Additionally, it presents an effective method for improving the low frequency sound absorption perfor-

mance without changing the thickness of the original sound absorber.

Keywords: composite sound absorber;ultra-thin;non-woven fabric;bulk porous materials ; sound absorption coefficient
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Fig.1 Melamine sound-absorbing cotton (left) and

non-woven fabric (right)
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Fig.2 Schematic diagram of composite sound absorption

structure
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Fig.3 Structure diagram of steady-state airflow resistance

measurement system
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measurement system
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Tab.1 Experimental parameters of sound-absorbing

cotton
EA s HAZ/mm  JBEE/mm FEEZ/mm
Sample 1 30 10 10.0
Sample 2 30 12 34.5
Sample 3 30 13 20.0
Sample 4 30 17 9.0
Sample 5 30 15.5 14.5
Sample 6 30 11 44.0
Sample 7 30 8 46.0
Sample 8 30 30 24.0
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Fig. 9 Sound absorption coefficient curve of melamine

sound-absorbing cotton
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different mass densities
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composite structures

i I FE AT A S 0 AR B AR R
ST LUK B, B MR G 5, 2 T 95 A Y T R
F 3t BELHR 5 (10 A B5F, 6 AR A0 BE P, A 200 7 T AR e
Ko TE400 Hz 7247, 526 S50 10 A &R B01E 0.6 72
A1 5 N800 Hz JF it , W 7 A B3 1, R B R 4F 1Y
W R PERE

5 & i

(DA SO T kW 2 fLA RS 2 e 1R R
T Z FLORE P Ao A8 AL ol 1) 52 5 VB P 45 R ) I P R S
VRS, I 38 A 0 B0 E 1A A AT R S T
RE S AR TERER I T BB AR

(2) 7 4 R W, 52 5 W 45 F ] Il 2 4 i 1K
W R PERE T ELIZ R S AR JL T AN R i R
JEE 0 T XE R A AR I R R 2 I, 2R AR AT
T A AL G PR BRI A A R, B AT Al I 55 1
E

(3)WF5E T JC 25 A 1) THI 4 3 M L O B 52 45 45
IR P P RE A R W, 25 T T B S HG R B B R AR
WOELSE Bl 38 ok T REL AR 3k JT i T JE 25 i A
SR B 2 B0 SR SR R BB, Sy 3 P A R A AR AR
Y Z FLAA R B S W 7 4 e A e (L 2 H0ak
Wt 75k

S E 3k
[1] MAA D Y. Theory and design of microperforated panel

[3]

[4]

[5]

(6]

[8]

sound-absorbing  constructions[J]. Scientia Sinica,
1975, 18(1): 55-71.

KANG J, FUCHS H V. Predicting the absorption of
open weave textiles and micro-perforated membranes
backed by an air space[ J]. Journal of Sound and Vibra-
tion, 1999, 220(5): 905-920.

PIEREN R. Sound absorption modeling of thin woven
fabrics backed by an air cavity[J]. Textile Research
Journal, 2012, 82(9): 864-874.

GAI X L, CAI Z N, XING T, et al. Experimental
study on sound absorbing property of spatial absorber of
non-woven fabric with micro-perforated plate-like struc-
ture[ J]. Applied Acoustics, 2020, 160: 107156.

W&, TR, #TEF . B LI IR 254 o S
FORHPEILT]. 224, 2010, 35(4) @ 385-392.
LIN Lei, WANG Zuomin, JIANG Zaixiu. Effect of
sound-absorbing material on a microperforated absorb-
ing construction[J]. Acta Acustica, 2010, 35(4):
385-392.

FRWY, FRE, W, F L F AR R RN E
M2 S G A A E ERe LAk B[], e st T
K22 CARBIEMD) , 2022, 49(1): 113-121.
WANG Feimeng, WANG Liangmo, WANG Tao, et
al. Optimization of the acoustic performance of micro-
perforated panel-melamine sound-absorbing sponge-cavi-
ty composite structures[J]. Journal of Beijing Universi-
ty of Chemical Technology (Natural Science) , 2022,
49(1): 113-121.

25 RN WA AR AT ST R A AR LR S R B
BROCOS EL[T]. BT 2%, 2019, 38(6) : 954-960.

LI Chenxi, HU Ying, HE Liyan. Simulation for the
sound absorption of micro perforated panels with metal
fibers using finite element method[J]. Journal of Ap-
plied Acoustics, 2019, 38(6): 954-960.

SAERE, MBI, RO . A A B LR W A A
FAEREWOMLT]. We R 5 4R sh 45, 2022, 42(3) :
203-208.

WU lJiakang, LIU Zhengqing, WANG Qiucheng. Pre-
diction of acoustic properties of sound-absorbing struc-
tures with composite micro-perforated panels[J]. Noise
and Vibration Control, 2022, 42(3): 203-208.

R, WIS, NP . 22 B AL AR G5 R 7R 25 PR AR T
B0 07 XL gy MrlI] L A %, 2012, 31(3) -
196-201.

ZHAO Xiaodan, HU Peng, SUN Ping. The compara-

tive analyses of the calculation methods for absorptivity

of multilayer micro-perforated panel absorbers[J]. Ap-



2246

%38 %

[10]

[14]

[16]

plied Acoustics, 2012, 31(3): 196-201.

A, AR H, SRRy, L UE LR A R
BB R RO W RIS o R, 2020, 45(6):
878-884.

XING Tuo, LI Xianhui, GAT Xiaoling, et al. Low-fre-
quency sound absorption of microperforated panel com-
posite plate-type acoustic metamaterial[ J]. Acta Acusti-
ca, 2020, 45(6): 878-884.

A, FAET, WA, A . RREE L AR AR B AL -IX R R
BN E IS T RS AT PR3 AR,
2022, 35(1): 228-236.

ZHEN Dong, WANG Ziyu, JIAO Xianghe, et al.
Structural optimization of micro-perforated panel using
random-interval mixed uncertainty theory[J]. Journal of
Vibration Engineering, 2022, 35(1): 228-236.

SRR, PG, TOME L A% 3 kO R B 2 )2
ol AL A W RS M R [T]. T A %, 2007, 26(3):
164-169.

ZHANG Bin, TAO Zeguang, DING Hui. Prediction
of sound-absorbing performance of single or multi-lay-
ered microperforated panels using the transfer matrix
method[ J]. Applied Acoustics, 2007, 26(3): 164-169.
ALLARD J F, DAIGLE G. Propagation of sound in
porous media: modeling sound absorbing materials [J].
Journal of the Acoustical Society of America, 1994, 95
(5): 2785.

KINO N. Further investigations of empirical improve-
ments to the Johnson-Champoux-Allard model[J]. Ap-
plied Acoustics, 2015, 96: 153-170.

LUK . 2 FLAR IR 7S AR 0 i B R [T )L R 2
4R, 1997, 22(5) : 385-393.

MAA Dah-you. General theory and design of microper-
forated-panel absorbers[J]. Acta Acustica, 1997,22(5):
385-393.

JAOUEN L, BECOT F X. Acoustical characterization
of perforated facings[J]. The Journal of the Acoustical
Society of America, 2011, 129(3): 1400-1406.

TANG X N, YAN X. Airflow resistance of acoustical
fibrous materials: measurements, calculations and appli-
cations[ J]. Journal of Industrial Textiles, 2020, 49(8):
981-1010.

TR . o LR W 45 R e s R[] s R R
2%, 1975, 5(1): 38-50.

SHEN X M, BAI P F, YANG X C, et al. Low fre-
quency sound absorption by optimal combination struc-

ture of porous metal and microperforated panel[J]. Ap-

[20]

[21]

[22]

[23]

[24]

plied Sciences, 2019, 9(7): 1507.

The International Organization for Standardization.
Acoustics-determination of airflow resistance-part 1:
static airflow method: 1SO 9053-1: 2018[S]. Switzer-
land: The International Organization for Standardiza-
tion, 2018.

W, ER, R ZILORE 5 S B R T A
JZ AR G5 7R A BT R R R LT AR 8h AR AR,
2023, 36(3): 815-824.

PENG Tao, WANG Chen, YAN Qun. Acoustic pa-
rameters identification of porous materials and applica-
tion in the acoustic design of the double-wall[J]. Journal
of Vibration Engineering, 2023,36(3): 815-824.

The International Organization for Standardization.
Acoustics—determination of acoustic properties in im-
pedance tubes—Part 2: two-microphone technique for
normal sound absorption coefficient and normal surface
impedance: 1SO 10534-2: 2023 [S]. Switzerland: the
International Organization for Standardization, 2023.
DONG K H, WANG X W, YANG J. Predicting mod-
el of sound absorbing properties of cellulose-based po-
rous materials prepared by foam forming[J]. Journal of
Natural Fibers, 2022, 19(14): 9614-9623.

R T A G W R P RE S W R AL F R [D ] I
W AR R, 2019,

TANG Xiaoning. Study on the sound absorption perfor-
mance and the sound absorption mechanism of thin fab-
rics[ D ]. Shanghai: Donghua University, 2019.
KENNEDY J, EBERHART R. Particle swarm optimi-
zation[ C ]/ Proceedings of the 1995 IEEE Internation-
al Conference on Neural Networks. Piscataway, 1995:
1942-1948.

KENNEDY J. The particle swarm: social adaptation of
knowledge[ C]// Proceedings of the 1997 International
Conference on Evolutionary Computation. Indianapolis,
1997: 303-308.

SHI Y H, EBERHART R C. Parameter selection in
particle swarm optimization[ C]// Evolutionary Pro-
gramming V[ : Proceedings of the Seventh Annual Con-
ference on Evolutionary Programming. New York,
1998: 591-600.

FE—1EE FRA(1998—), 5 Wl L iR A .

E-mail: 1yj19981120@126.com

BEEE: 2R (1983—), B, Wi+ Rl #H .

E-mail: jiazhu.li@hfut.edu.cn



