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to meet the requirements of rapid prediction and optimization design of resonant sound-absorbing metamateri-
als. Firstly, a theoretical model was established for multilayer perforated resonant sound-absorbing metamateri-
als (MPRSMs) composed of microperforated panels and Helmholtz resonators, which was then verified through
simulation and experiments; subsequently, a dataset was generated with the theoretical model, and in turn an
ANN model was constructed by means of the back propagation ( BP) neural network to build the mapping rela-
tionship between structural parameters and acoustic performances; afterwards, the trained ANN model was
combined with the genetic algorithm to optimize the acoustic performance of the MPRSMs. The results show
that, the trained ANN model can accurately predict the sound absorption performance of the MPRSMs, and the
prediction efficiency improves by more than 50% compared to the theoretical model; the combination of the
ANN model and the optimization algorithm can not only improve the optimization efficiency, but bring good
low-frequency broadband sound absorption performance of the optimized structure. The ANN provides conven-
ience for large-scale structural performance prediction calculations and has broad application prospects in struc-

tural design and optimization of metamaterials.

Key words: resonant sound-absorbing metamaterial; artificial neural network; sound absorption coefficient;

BP neural network; genetic algorithm
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Table 1 Geometric parameters of the MPRSM structural model

geometric parameter value
the 1st perforated plate thickness ¢, /mm 1.1
the 1st perforated plate hole diameter d; /mm 1.2
the 1st perforated plate back cavity thickness h; /mm 35
Helmholtz resonator back cavity thickness d, /mm 8
Helmholtz resonance cavity neck length d, /mm 2
Helmholtz resonant cavity neck radius r, /mm 1
the 2nd perforated plate thickness ¢, /mm 29
the 2nd perforated plate hole diameter d, /mm 1
the 2nd perforated plate back cavity thickness /i, /mm 25
the 1st perforated plate perforation rate p, 0.024 7
the 2nd perforated plate perforation rate p, 0.020 4
structural unit cell length L /mm 31
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Fig. 3 The impedance tube acoustic experimental equipment and the installation location of the experimental specimen
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2 NI 28 ) 2 AR Y e <7 55 Ik

AR AT MPRSM 427 F R TN IO 4 1 A TSR KSR 37 2 W24 58 T 1 4580
A, BN B R 24 4322 50,
2.1 BP fEM%HE

B 22 0 e PN 00 22 03 R ) o B UG 4 22 W, 3 RN
H M BAMUEIT 1T 25 BP 2 0 R (A TR TSR M R ) 76 A AR 0 0 BRI A 7, 3
W28 TSI, RIS 2 0 (4, 5030 & BRI 0 A0 . R, ¢ SCR I B 0 28 4 6 61
25251 PR B,

BP Wt A 0 1 TC AT, e B PR 24 b SR {013 0.1 6 o B Rh8 2ef f
N 25 T B 02 5 1 1 P e 0% L o S ke oM 28 0 T 1 {4 i 2 0
195 9 B M 28T I 1 . b 28 TR 1 HCA b 28T O A (355, 28 0 D 2 L K 3 R
BRBRIG 7 5 R A 2T 02 2o 225 0 B B H 2 R T i
22 WA T 5 7T R 2 DT 7121 6 AR I 25 T L 1145 L B0 /I A5 i
FT R T 5 0 TR 2% 15 505 S0 24 1 o e BB 2 T RS (0 B A st
WSS

i=e [ X (ws +b) | (19)

R &, 3 A R T 2T SR AU i e [1,n] 763K EHEACH AT SURBCRAERE | ., b 4B
ki A SRR A @ R SO B, FTLRABE 07 0 22 78 60 1L A A 9B (A B 023 A 264 = i
ARSI 0 A2 WUt 2. A BT T I 5 O S | D4 K 4 1 24 R 210 24 0
R 510 AT AR — /5 F 50 e e 2 J2 2 0 24 o 0 50 4 3 Az 1 8
S AR IR AT 0 TS R A, S ) MR e RS R G 2/ W 2 T LB
(2R BT, BB 24 5 5 T e 3R it S B Wi Ao R 35 L, OF P 2 e 2
PRI Aot el 0 A B o T 24 5 2, 23 05— 2 AR 2 O LR 1 590 PR S 478 51
e 85 R T I 1 PR i o 3 i e e 45 S RSB SR8 — % 2 DD 03525 WAL 11 s 00
Lt RT3 D 22 RO TN, ST i B8 5 A A b VA T 5 B, DA T 422 I 4 4
A T4, 52T P T 5 O ) 2 T, 240 P o 8 T A 0 b



1064 [ 3 I Q= S | I N B = 2024 4F 3 45 &

#

>
[y
&

<

e ()

activation function

6 BP W% 12 AL . 5 A R
Fig. 6 Schematic diagram of neural information processing and backpropagation in the BP neural network

22 ANIHZEMEHFBEENEISH S

FEN T2 M35 SUNZRET, 5 82 T AT A2 M I 2R 05 46 | B 48 04 Jo 2 B B 2 i ol 22 K0
LTI () E R R B A DR AR A B, SR 1.1 /NS op g BRI AR AR A T i A B B PR R 4R i A B
ENANFAMERSET ENES ERSEEEERSE —BHAMNEE « FIER . TESE L, 5H
TR L FALER d, | SEEE b, L% Helmholtz JE4E 15 S RE d FLKCHE d FL2EAR v, G545
B T AR, EBCAY S50 2 Y BUE TS Bl % 2 Fr7s. 8 i MATLAB 5 5 BE AL AR BT T 5 A B 4 19
10 J7 18088, IR A7) 28 0 68 , W e H 0~ 3 000 Hz 75 BBl PIAFAE 3 W5 I (B A 508 | R AR IR 4H i 25+ =
B Fs (A EAT RS 1) LA A W P A D sl G 500 AR X N T 2 A 30 308 S s e 2 i 7 358 /5 6l 4 119 87 901 4
BIEAE h I90 25 110 fi A KO 46 0 8 S ABRIIE SR 5, ) FE BESAE R 6  ABCHE S b ) S B0 A7 A 45 2 A
N 0~3 000 Hz A5 B P 19 W 75 2 K 28, I3 1 BEFR 30 Haz BU—NEEAR 15 19 7 200 %o W s 22 5l 8 2 itk
b FR A ZE A SO R — A B 100 2 REUE RIS AR AL B RS 22 B0 B Gok R 25 i bR 28 B
R PR EE AR P ) A AUECE 5 i A B 4 P B B 2 R 10 O R R A 43 BB R 4, 80% T IR, 20%
H T 5.

F2 T A T2 BRI A MPRSM 45 H 2505 (10 il

Table 2 MPRSM structural parameter values for the artificial neural network (ANN) model training

geometric parameter value range

the st perforated plate thickness ¢, /mm 0.5~2

the 1st perforated plate hole diameter d; /mm 0.3~1

the 1st perforated plate back cavity thickness h; /mm 5~30
Helmholtz resonator back cavity thickness d, /mm 5~30
Helmholtz resonance cavity neck length d, /mm 1~5

Helmholtz resonant cavity neck radius r, /mm 0.5~2

the 2nd perforated plate thickness ¢, /mm 0.5~2

the 2nd perforated plate hole diameter d, /mm 0.3~1
the 2nd perforated plate back cavity thickness h, /mm 5~30
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Table 3 Four sets of structural parameters for verifying the predictive ability of the ANN model
optimization parameter set 1 set 2 set 3 set 4
the 1st perforated plate thickness ¢; /mm 0.51 1.60 1.41 0.70
the Ist perforated plate hole diameter d; /mm 0.50 0.81 0.90 0.71
the Ist perforated plate back cavity thickness h; /mm 13.89 16.80 25.11 13.20
Helmbholtz resonator back cavity thickness d, /mm 28.20 8.21 17.90 25.10
Helmholtz resonance cavity neck length d,, /mm 4.10 3.10 3.50 3.70
Helmholtz resonant cavity neck radius r, /mm 0.50 1.21 0.80 0.90
the 2nd perforated plate thickness ¢, /mm 0.80 1.01 1.50 1.50
the 2nd perforated plate hole diameter d, /mm 0.40 0.80 0.70 0.60

the 2nd perforated plate back cavity thickness h, /mm 24.80 14.19 10.30 28.10
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Table 4 Range of MPRSM structural optimization parameters and optimization results

optimization parameter value range optimization result
the Ist perforated plate thickness ¢; /mm 0.5~2 0.51
the st perforated plate hole diameter d;, /mm 0.3~1 0.89
the 1st perforated plate back cavity thickness h; /mm 5~30 27.90
Helmholtz resonator back cavity thickness d, /mm 5~30 29.90
Helmholiz resonance cavity neck length d,, /mm 1~5 4.81
Helmholtz resonant cavity neck radius r, /mm 0.5~2 0.50
the 2nd perforated plate thickness ¢, /mm 0.5~2 0.50
the 2nd perforated plate hole diameter d, /mm 0.3~1 0.41
the 2nd perforated plate back cavity thickness h, /mm 5~30 15.88
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Fig. 10 Sound absorption coefficients of the optimized MPRSM
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