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Abstract: To increase the acoustic absorption bandwidth of traditional micro-perforated panel absorber (MPPA), three
composite MPPAs with different series-parallel combination structures are proposed in this paper. Firstly, according to
the acoustoelectric analogy method, the analytical calculation models of normal incident acoustic absorption coefficient
for composite MPPAs are established. Then, by preliminarily designing the structural parameters of different kinds of
MPPAs, their broadband acoustic absorption characteristics are analyzed and the multi-population genetic algorithm is
used to optimize their average acoustic absorption coefficients within 500~ 3 600 Hz. Finally, the finite element method
is used to perform the simulation experiment of acoustic absorption coefficient for the composite MPPA with optimal
acoustic absorption performance. The results show that the broadband acoustic absorption performance of the proposed
composite MPPAs is superior to that of the traditional simple MPPA, serial coupled MPPA and parallel coupled MPPA,;
the optimized composite MPPA has excellent broadband acoustic absorption performance in the frequency range of
500~3 600 Hz, and its average acoustic absorption coefficient is up to 0.92, which can provide a good solution to
broadband noise control.

Key words: composite micro-perforated panel absorber (MPPA); broadband acoustic absorption; the acoustoelectric
analogy method; the multi-population genetic algorithm; simulation experiment
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Table 1 Initial values of structural parameters of the three

different composite MPPAs
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different MPPAs

3 BT AL Sk

TE 1.3 PR RECTFAR IR -, AR
F B A B 4 SR ARG g 7700 22 R st A% Sk
24 MPPA AT, I REaSIE— 20 & B /i
I LB S MPPA 1 e i R s Rk . it fE e, 7
PR, FPEEAN BRI IR B B BN 10, 10
200, ZXFR, BRRAITEESHIEEN 0.8,
0.05 A1 0.01. HAReRHEUE SONFIISE 52350, Rk
Wy

. :
azﬁza(fi), i=1, 2, 3...,N, (8)

K a(f) BRI PFIR £ IR R N, &
N FBRAIR 2 2= SRS KA .

NVREL MPPA (1) 56 1 W RE 1, ARAKI B bR
RIGCEWE N 500~3 600 Hz, HFLRLKKEN
1 Hz. A EWE AR | FREHSHE. %5E
BN T F B ASEER A, S AR 2 R

R

0.3 mm<{LfE d<1 mm;

0.5%<ZF LK 0<6%:;

5mm<D, D+ D, Dy, <35mm;

0.1<¢,v 91 0,.509;
HAE:

D, =39.5mm-D,,, D,=D;=39.5mm-D,,,

D,=39.5mm-D,,, D,=39.5mm-D,_;

02.=1=010 03=1=01 9, =1-0) o

WA EIE A MPPA 5 S5 fb gl R ansk
2 Fias, W 2Bk R 5 Fios. B S
ALEH, 7 500~3 600 Hz [ARTEHE N, S51%
Zifdi B MPPA. ¢ MPPA F1JEEE MPPA AHLL, FIF
PR E S MPPA B B S IR 5 Ay, X — S
52 W R ILIRIEAN O AR R SR AR Y
BA A LR A AR AH, H Bk MPPA LU IR
MPPA BA 54T, 546 MPPAb LE A
MPPAa H A SN F 0 w6 A MERE s 7E 500~
3600 Hz #ELN, & MPPAc T SEERAE I SE
iR, HAP RS REUER] 0.92,

F*2 ZMHAREES MPPA £#I8BHIMHNLER
Table 2 Optimized results of structure parameters of
the three different composite MPPAs

WoEgik)  fLAEmm L% EFR/mm L
d,=03 06,=293 D128 ¢, =083
H4 MPPAa 4,03 0,=093 D, =267
d,=03 06,7600  D,=40  ¢,=0.17
d;,=0.3 ov=3.50  Dw=149  ¢1=0.19
4 MPPAb  d,=03  o%=6.00  Dx=24.6
dy, =03  on=1.01  D3»=24.6 ¢2=0.81
d=03 0,319 D,=104 ¢ =0.68
A d,=0.3 =0.99  D,=29.1
S MPPAC 72 2
d,=03 06,7600 D,=254 ¢,=0.32
d,~03 0,168 D,=14.1
1.0
08+
B 06t
N&
LN
= 04f
o \

0 1 1 1 1 1 1 1
0 500 10001 50020002 50030003500
SR Mz

— fRi®MPPA  JFEEMPPA — EA&MPPAb
— HHEEMPPA — EA&MPPAa — EA&MPPAc

Bl's  ASIE MPPA {5 R A AR A i 25
Fig.5 The acoustic absorption coefficient curves of different
MPPAs after optimazation



54 1

XS REE: B ORGSR S5 RS R 734 A4k 519

4 KIS IE

RIGIEAR AR 45 SR B HER 1, A SCR A BRITiE
XA TR 5 P RE SR A MPPAC HEATIRE &
st iz B SIS AR, T FH BRI &
W R, AR aE 6 fron, HAw
PR  RKE N 4dmm, ERIPLIEKE N
250 mm, WA 54 mm. ALJEHIE A MPPAC B
FRAPUE R, FHPUE o) — @ SCRALHR A 5%
o BRSHTEIRS), eE FLAR st e A8 540
JE MR R R FERAT R RS IR SN
20 Hz), JHit EEARECT A 1 AT A 2 AL 75 KA
SRAF IS B A% 75 2500 & 75 1 (1) A2, AR AL 328 bRy
H038 R R 45 21 Bl i 75 2548 R 7S SR E

&1 iMPPAc

6 ALHIE A MPPAC W R A B30 BR T
Fig.6 The finite element model for simulation experiment
of acoustic absorption coefficient of the optimized
composite MPPAc

N T AR SRR, RIER 2 sk
W5, W T AR R 2 A MPPAC Ff
o FET XL FE B AL ek B0, R FE B =
MPPAc FE{F M 22550, R0 & 42 e 7 B
e AP KEIUE NN 54 mm, BEJEN
3mm, HAMEF2S(PCB 5 3708B02)ME & A i
FEAE, R4 500~3 600 Hz (1) HArFRTEHE, P

7Yk feEdR2 BBl EAMPPACKEL:

e a1

b= g £
FHHTE R KRR
7 LB S MPPAC W 5 RE =5 & 52

Fig.7 The test bench for measuring acoustic absorption
coefficients of the optimized composite MPPAc

IES; N

75 B2 2 [A) O BR B 1 4% 45 mm. (IR HOK 280K 5)
(11347 75 2 B AR FHPUE 10— AE R BRh i, AL S
(1= & MPPAc B TRHPLE 195 —if. WHRACERR
F LMS SCADAS ##i K45 541, LMS SCADAS F#
1] 5 LMS Test.Lab ¥\ Jo4E 5 %, nf LT AL 7
PRALTE I R, AR AL 326 bR KR B w1538 B i
A EE R R R

Kl 8 JALAL G 15 & MPPAC W5 BB 3L
To 25 5 7 B 2 TR A S B AR 45 R rx L
K. HE 8wl LA H, BASTIAS 2  RE R B0
BT IR AN Sz a6 W A9 B I R R B AR
B AN AR ATR 8] AT BT RS, 2R =N
E AR B IR 5 R BORAE S K, (B X = 46
REah ek B R 8, A T AR E S
MPPA W 75 28 i H SRR (R R I DL R ARAL R 1)
Bk, E—E T 24 MPPA ELLAR 5 (1) %6 A
W P R

1.0 %
0.8t
& 06}
4
12,
= 04f
— HRTHM
0.2r 5 BT
o SIS
Oo 500 1000 150020002 500 3 000 3 500
8 ALJEHIE A MPPAC M R R L TR 45 S 5
1 H I 5 Rt e

Fig.8 Comparison of the acoustic absorption coefficient curves
of the composite MPPAc obtained by theoretical predic-
tion, simulation experiment and actual measurement

Z5

()

A SO FLARCHR SRR S AL PR T =
P& MPPA 4514, F R BERHEHES H T %
54 MPPA 5 NSRS RE A AL T itk
TR, WP ER I T 1% &5 R 0 56 7 IR P R 1k
Fritt— SR 2 MEERAL SV R A MPPA DL R A%
i MPPA. H31E MPPA. JfIE MPPA 73 HIli3H4T
T4k, SR T HAE 500~3 600 Hz H AR
P e A R R . e R BRIV EET TR
FET FIAR DA B R BHATE S IR, xRtk
SERAT TIAE. 45K, HELRMHE MPPA.
% MPPA. JH MPPA MLk, 24 MPPA A H
U TEFT IR RE ), ELARAL G RS M RE IR A I A



520

Ao

%

VN 2021 4F

MPPA RERETE 500~3 600 Hz #EL N SLFIE L =
MITEFT IR, PR 2GRS 0.92. FET AL
ITERE, 1% A MPPA N5 iy M i 2 i @t —Fb iy
IR Tk, T N R AE R L. 46
BLEE TV AT o

z2 £ X W

TORER. 5 FLAR VR S 45 0 B Be AN BT [J]. R, 1975,
5(1): 38-50.

IRUGRE, BRI, XEZE. W BB FLBRR S AR B8 K R
R HUbRla 5HR, 2008, 27(11): 1343-1345, 1350.
LUAN Haixia, SHENG Meiping, LIU Zhihong. On design of a
double microperforated panel absorber[J]. Mechanical Science and
Technology for Aerospace Engineering, 2008, 27(11): 1343-1345,
1350.

TAN W H, RIPIN Z M. Optimization of double-layered mi-
cro-perforated panels with vibro-acoustic effect[J]. Journal of the
Brazilian Society of Mechanical Sciences and Engineering, 2016,
38(3): 745-760.

BRAVO T, MAURY C, PINHEDE C. Enhancing sound absorp-
tion and transmission through flexible multi-layer micro-perforated
structures[J]. The Journal of the Acoustical Society of America,
2013, 134(5): 3663-3673.

SAKAGAMI K, NAGAYAMA Y, MORIMOTO M, et al. Pilot
study on wideband sound absorber obtained by combination of
two different microperforated panel (MPP) absorbers[J]. Acoustical
Science and Technology, 2009, 30(2): 154-156.

YAIRI M, SAKAGAMI K, TAKEBAYASHI K, et al. Excess
sound absorption at normal incidence by two microperforated
panel absorbers with different impedance[J]. Acoustical Science
and Technology, 2011, 32(5): 194-200.

WANG C Q, HUANG L X, ZHANG Y M. Oblique incidence
sound absorption of parallel arrangement of multiple mi-
cro-perforated panel absorbers in a periodic pattern[J]. Journal of
Sound and Vibration, 2014, 333(25): 6828-6842.

GUO W C, MIN H Q. A compound micro-perforated panel sound
absorber with partitioned cavities of different depths[J]. Energy
Procedia, 2015, 78: 1617-1622.

GUO W C, MIN H Q. Micro-perforated panel sound absorbers
with an array of partitioned cavities of different dimen-
sions[C]//2015 International Conference on Noise and Fluctua-

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

tions (ICNF). Xi'an, China. IEEE, 2015: 1-4.

SR, FOC. BA BRI I P 2 B s AL S
PR FERFELT]. AR RS SR (A A BLEERR), 2017, 47(1): 177-183.

MIN Hequn, GUO Wencheng. Absorption characteristics of mi-
cro-perforated panel sound absorbers with array of paral-
lel-arranged sub-cavities with different depths[J]. Journal of
Southeast University (Natural Science Edition), 2017, 47(1):
177-183.

LIU J, HERRIN D W. Enhancing micro-perforated panel attenua-
tion by partitioning the adjoining cavity[J]. Applied Acoustics,
2010, 71(2): 120-127.

LIU W Y, HERRIN D W, BIANCHINI E. Diffuse field sound
absorption of microperforated panels with special backings[J].
SAE International Journal of Vehicle Dynamics, Stability, and
NVH, 2017, 1(2): 464-470.

YANG C, CHENG L. Sound absorption of microperforated pan-
els inside compact acoustic enclosures[J]. Journal of Sound and
Vibration, 2016, 360: 140-155.

QIAN Y J, CUI K, LIU S M, et al. Optimization of multi-size
micro-perforated panel absorbers using multi-population genetic
algorithm[J]. Noise Control Engineering Journal, 2014, 62(1):
37-46.

W&, E FE. ZEFIVEHFEMOLBIRS B A BT
[J]. HEHR, 2017, 36(1): 64-68.

ZENG Xin, FAN Xin, LI Yu. Parameter sensitivity analysis of the
transmission loss of multi-chamber perforated tube muffler[J].
Technical Acoustics, 2017, 36(1): 64-68.

RN, #RIRH. Virtual.Lab Acoustics 7547 BUHSL M 1204
M. P2 AL T REE L RAL, 2013.

PR, RS, G, . T LR O TR TE R AL
iRy R[], JEETEL TR 244, 2019, 39(1): 1-6.

Lu Chihua, Chen Wan, Liu Zhien, et al. A simplified simulation
method for micro-perforated panel with double layer mi-
cro-perforated structure[J]. Transactions of Beijing Institute of
Technology, 2019, 39(1): 1-6.

GERDES R, ALEXANDER J, HERDTLE T. Acoustic perfor-
mance prediction of micro-perforated panels using computational
fluid dynamics and finite element analysis[C]//SAE Technical Pa-
per Series. 400 Commonwealth Drive, Warrendale, PA, United
States: SAE International, 2013.

CHUNG J Y. Transfer function method of measuring in-duct
acoustic properties. I. Theory[J]. J. Acoust. Soc. Am., 1980, 68(3):
907-907.



