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Fig. 1 Micro-perforated panel structure
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Fig. 2 The influence of perforation diameter ¢ on micro-perforated panel (/=2 mm, L=50 mm, ¢=0. 015)
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Fig. 3 The influence of the depth L of the cavity behind the panel on micro-perforated panel (/=2 mm, d=0.8 mm, e=0.015)
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Fig. 4 The effect of perforation rate e on micro-perforated panel (/=2 mm, d=0. 8 mm, L=50 mm)
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Tab.1 Range and uncertainty of environmental parameters
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Fig. 5 Sound absorption coefficient of micro-perforated pan-
el considering random-interval mixed uncertain pa-

rameters
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Tab.2 Variation interval and uncertainty of f,;, and f,,,,
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Tab.3 The corresponding frequency range when the quality factor is 0. 5
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Tab.4 Sample parameters and environmental parameters
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5¢RE R I% A BB A5 2 A0 1R R 09 RS L AR B R
(il BT P ER 10 B s o A AR AT A B IR R Y
B ORAH 448, fL L Ja b B R R iR OR(E
6.73 , ELAE A 5040 A B 36 Bl R IR 4R v, 1 B A1k
Ja Bl BTN ER A B R O A O BRR  E T ix
T 2 HRCESR o JF HLORE AL B R T 0.5 )
T3 #9930 7 L Pl A SR AR R T

A S
%00 400 600 800 1000 1200 1400 1600 1800 2000
f/Hz

FI10  ffl)s i k2 FL A fe il o IH 3R
Fig. 10 The quality factors of the optimized micro-perforat-

ed panel

MR 10 Fn 3 7 mT O, g ad it % Bk L S
Tl 28 AL AR Y A BT R R A T 0.5 B Y 0 3R 0 L2
[1590.26 Hz, 1998.41 Hz ], 57 3 {1 IX [6] A o J& Ry
11.37% ;3@ i % L 6 5 3% 3, AT LA Ak )5
AL R R & R T 0.5 BUREAS J5 00 A A R £
I S PR B T, AR X ] A N HR R R R T 5.21%,
AT 1 2 FL R E 4 W 75 01 30 [ i 2 T P Ak
LYASRAT, HL il BT IR 3R A2 AN 2 S 8000 52 e BRI

x7 RUERREEET0.5HEIMHHETLE
Tab.7 The frequency range when the optimized quality factor is 0. 5

B AR 1/ He e R R £,/ He AL IX ] /Hz DX i) 2 A2 DX i) H A AR/ V6
1590.26 1998.41 [1590.26, 1998.41] 204.08 1794.34 11.37




5514 WA A U FLARAE BEHL- DX DR & A PR RS T 45 F 1 Ak 235

5 & i

AR SCH T AN R PR BRI X B 2 L AR R P e
HEATARAL , 8 57 T B0 2E L AR B AL - DX ) AS i P A
R BE T XA 540 A AR BN R 4518

(1) #F 200~2000 Hz f4 i [l Y, 8028 L AR 0 i
EY SR N RNy A SN
T REARS , Bt 5 F LA R 25 1 R ) 86 K [l I A %
By, B 2F £33 R ) = AR Bl R ALY Bl 2
FL B AR TN A s T B 114 34 R e A1, Bl 2 L SR A 3 R
1M _E T 5 & 0 R 25 I A L T A R L S 1 38 R
B Bt 25 WS A s TR R ) 488 K A

()AL B T2 FLAR WS R EOR T 855 T 0.5
X 7 A A AT T BE AR TE T 3, W A LR RO
1 2 AT, b v A0 B WP IOR A B 5 5 ot B PR 3R
3 E B, A TR ER T 0.5 % R AR T VI R AS i a2
BEREAG o 1 B 35 T Bl ML IX ) S A A 1 ol 5
LR 25 F I Ab A B T 2 1 Ak 2 L AR I S M B B AR
faE

S E 3 HK:

(1] M6 BRAESC, tRabfh, 55 . N B o FLAR W 454

B TROBIL A i A AR IR R R R S B DE S LT ] R e R
2003, 28(4):294-298.
SUN Yafei, CHEN Renwen, XU Zhiwei, et al. Exper-
iment research of noise control in the fighter cockpit us-
ing microperforated panel absorber structure [J]. Acta
Acustica, 2003, 28(4): 294-298.

(2] B . WO LA 75 e 70 XUV 4 A TR 75 42 11 T 4 17
AMLT] PR T AR, 2012, 28(5): 26-28.

YANG Yuguang. Application of micro-perforated panel
in noise control of wind-cooling sub-rack [J]. Electro-
Mechanical Engineering, 2012, 28(5): 26-28.

[3] Thaveedu J R, Padavala P, Medisetti J] R. Application
of micro-perforated panel in automotive vehicle noise re-
finement[ R]. SAE Technical Paper, 2020.

(4] X05g, W, SR RUE 45 . B0 Sr LRI 75 44 B8 TF 9 0
[T, 75 %242, 2005, 30(6) : 20-27.

LIU Ke, TIAN lJing, JIAO Fenglei, et al. Research
progress of micro-perforated panel sound absorber [J].
Acta Acustica, 2005,30(6):20-27.

(5] ¥, BB, TR WEFY 45 L B FLAR S5 R IR 7 iy LR
WEFELT]. e SR Bh ], 2019, 39(5): 8-11.

XING Tuo, LI Xianhui, GATI Xiaoling, et al. Research
on sound absorption simulation technology of micro-per-
forated panel structure [J]. Noise and Vibration Con-

trol, 2019, 39(5): 8-11.

(6] FLE, R, ATEW, 55 WU LA 4540 45 20T

7RSS [T]. TR B3], 2015, 36(6) : 1242-
1246.
DU Tao, MIAO Tiancheng, FU Guotao, et al. Study
on numerical simulation method for the MPP absorber
[J]. Journal of Engineering Thermophysics, 2015, 36
(6): 1242-1246.

(7] e BRA, XGGIE A5 s FLAR (8 1k 05 1 5 1 7

XUJZ S ALas # v B B [T]. A e B TR = e 4l
2019, 39(1): 1-6.
LU Chr-hua, CHEN Wan, LIU Zhi-en, et al. A simpli-
fied simulation method for micro-perforated panel with
double layer micro-perforated structure[J]. Transac-
tions of Beijing Institute of Technology, 2019, 39(1) :
1-6.

(8] L=, IR, Wliez, & B fLASULA 2 K fh 55

Bk 0 7 R A S WA [T 7 2 2E i, 2019, 44(3)
369-375.
WANG Weichen, XING Bangsheng, GU Haixia, et
al. Estimation of geometric parameters for micro-perfo-
rated panels and their effect on absorption performance
[J]. Acta Acustica, 2019, 44(3): 369-375.

(9] #fe, FAhHe, RIEE . —Fh J0H JE 0 305 FLAR

Bk [T]. AR, 2018, 37(6) : 459-460.
YANG Cheng, JIANG Weikang, Wu Haijun. Design
of a microperforated panel without the backing cavity for
acoustic absorption[J]. Technical Acoustics, 2018, 37
(6): 459-460.

[10] FEWess, B8, IR, 45 . L B0 #0951 10 i o FLAR

WP S A I W R PR RERT S [T SR8l 5 eh i, 2018, 37
(16): 256-260.
GAT Xiaoling, LI Xianhui, XING Tuo, et al. Sound
absorption of a microperforated panel backed by an L-
type division cavity[J]. Journal of Vibration and Shock,
2018, 37(16): 256-260.

[11] WSS, R, 2m, 4 B2 RIS LA 1

We s A PEDE S L] MR S AR S ), 2019, 39(4)
32-35.
TIAN Wenhao, WU Jinwu, LI Wei, et al. Study on
the acoustic characteristics of double-layer micro-perfo-
rated panel absorbers[J]. Noise and Vibration Control,
2019, 39(4): 32-35.

[12] PIESHE, SR3CHE . BAT IF BN S5 B B 115 I 5 510 9 ik

ZE LR W R 5 RV [T AR m K2 4l (A AR B2
J), 2017, 47(1): 177-183.
Min Hequn, Guo Wencheng. Absorption characteristics
of micro-perforated panel sound absorbers with array of
parallel-arranged sub-cavities with different depths [J].
Journal of Southeast University (Natural Science Edi-
tion), 2017, 47(1): 177-183.

(13] ZEARKE , s ST, 505 0, 45 66 o LRI 26 il 8 1



236

& @ L

% 35 %

[14]

[15]

[16]

O 2 R B AR 9 A W P AL B 2 J 4T, 2020, 65
(15):1420-1427.

Li Dongting, Huang Sibo, Mo Fangshuo, et al. Low-
frequency broadband absorbers based on coupling micro-
perforated panel and space-curling chamber[J]. Chinese
Science Bulletin, 2020, 65(15): 1420-1427.

Buret M, Iu K K. Hybrid sound absorbers combining
micro-perforated panels with conventional absorption
mechanisms[J]. Acoustics, 2012, 131(4): 3421.
Bucciarelli F, Fierro G P M, Meo M. A multilayer mi-
croperforated panel prototype for broadband sound ab-
sorption at low frequencies [J]. Applied Acoustics,
2019, 146: 134-144.

Simon F. Long elastic open neck acoustic resonator for
low frequency absorption[J]. Journal of Sound and Vi-
bration, 2018, 421: 1-16.

Qian Y J, Cui K, Liu S M, et al. Optimization of multi-
size micro-perforated panel absorbers using multi-popu-
lation genetic algorithm [J]. Noise Control Engineering
Journal, 2014, 62(1): 37-46.

FEARaE , BXIGEPE, BUBRAR . 38 4% G500k 78 X2 1 oF L 25
Fa O Ak 35 3 i g (T M 5 4R Sl 45, 2006,
(2):49-52.

[20]

SUI Lingiang, ZHAO Xiaodan, ZHU Ruiyin. Multilay-
er microperforated structure optimization design using
genetic algorithm [J]. Noise and Vibration Control,
2006, 26(2): 49-52.

HAER, W4, T, 5 XA AT 28 bR
ALEE MR A [T]. AL R A 4R, 2016, 52(13) :
94-102.

XIA Baizhan, QIN Yuan, YU Dejie, et al. Reliability-
based optimization of the acoustic metamaterial under
the interval model[J]. Journal of Mechanical Engineer-
ing, 2016, 52(13): 94-102.

R, TAEA T DA B 04 7R 4 T Sl A S 6 E TR
HeAk[1]. ¥ % T/, 2015, 37(7): 807-812.

LU Hui, YU Dejie. Uncertainty optimization of vehicle
brakes based on interval analysis[J]. Automotive Engi-
neering, 2015, 37(7): 807-812.

INSCHR , D755, FLE S, A5 3F KR A R e 52 T 1)
TCZF LA 7S R O TS (7] MR sl 5 by, 2013,
32(9): 150-154.

SUN Wenjuan, SU Qiaoping, KONG Deyi, et al. Cal-
culation of acoustical characteristics of micro-perforated
panel considering the effect of panel properties [ J]. Jour-
nal of Vibration and Shock, 2013, 32(9): 150-154.

Structural optimization of micro-perforated panel using

random-interval mixed uncertainty theory

ZHEN Dong"?, WANG Zi-yu"*, JIAO Xiang-he'*, LIU Xiao-ang"*, SHANGGUAN Wen-bin’,
ZHANG Qu'
(1.School of Mechanical Engineering, Hebei University of Technology, Tianjin 300130, China;
2.Tianjin Key Laboratory of Power Transmission and Safety Technology for New Energy Vehicles , Tianjin 300130, China;
3.School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510640, China;
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Abstract: Combining the uncertainty theory with the sound absorption structure model of the micro-perforated plate, the influence
of the uncertainty parameters (thickness of the micro-perforated plate, sound velocity, air kinematic viscosity) on the sound absorp-
tion characteristics of the micro-perforated plate model was analyzed. A random-interval mixed uncertainty model was established
for the study. In the model, the micro-perforated plate thickness was considered as a random variable and the sound velocity and air
kinematic viscosity were used as the interval variables. And the correctness of the model was validated through the experimental
and simulation analysis using Monte-Carlo method. The maximum frequency bandwidth corresponding to a certain value of sound
absorption coefficient was selected as the optimization goal. The quality factor is greater than a certain value was setup as the con-
straint condition. Using genetic algorithm to optimize the structural parameters of the micro-perforated plate. The optimized micro-
perforated plate structure has been improved in terms of sound absorption coefficient and quality factors. The analysis results
showed that the sound absorption performance can be improved and verify the effectiveness of the random-interval mixed uncertain-
ty model in the study of micro-perforated plate sound absorbers. It provides a novel method of the application of uncertainty theory

in acoustic engineering.
Key words: micro-perforated plate ; uncertainty theory;sound absorption coefficient;optimal design; frequency band widening
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