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Optimization of the low—frequency sound absorption characteristics of spatially
folded metamaterials

XU Jianxin, MAO Weikang, LIU Bingfei
(College of Aeronautical Engineering, CAUC, Tianjin 300300, China)

Abstract: To address the low—frequency noise of aircraft engines and the inefficiency of manual parameter tuning in tradi-
tional noise-reduction structure optimization, this paper firstly designs a spatially folded metamaterial structure
and verifies its superior low —frequency characteristics by finite element simulation and the impedance tube
method. Secondly, based on experimental and simulation data, machine learning algorithms are adopted as the
optimization method to optimize and analyze the sound absorption characteristics of the spatially folded metama-
terial. Finally, by analyzing the machine learning results, a composite broadband spatially folded metamaterial
model that meets the low—frequency broadband noise reduction requirements of aircraft engines is rapidly con-
structed by parallel coupling. This confirms the feasibility and efficiency of the machine learning optimization
method. This study can provide new methods and ideas for optimizing the sound absorption characteristics of a-
coustic metamaterials and for the low—frequency noise reduction design of engines.

Key words: ffolded metamaterial; machine learning; finite element analysis; impedance tube method; low—frequency broad—

band; aircraft engine noise reduction
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Fig.1 Schematic diagram of the spatially folded metamaterial

structure
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Tab.1 Structural parameter information of the spatially folded

metamaterial
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Fig4 Impedance tube experimental test system

1.0
09r
0.8
0.7F
0.6
05}
04r
03}
02
0.1}

>

— SR
i - R G
n

~ s
e ” ) L P | ==

@M§§§®ﬁ§@9@%§§%@3
SRR Hz
E5 =EFEBHHREFENHTES SRR

Fig.5 Simulation and experimental results of the sound absorption

characteristics of the spatially folded metamaterial
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Fig.6 Sound absorption characteristic curves of the spatially folded

metamaterial under variations of different structural parameters
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Tab.2 Structure of the data set (partial)

m/mm h/mm d/mm t/mm nl)2 fHz R.
3.1 26 0.6 2 6 171 0.822 41
4.0 26 0.6 2 5 181 0.836 15
2.6 26 1.0 2 7 161 0.595 79
2.6 18 1.0 2 7 271 0.970 31
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Fig.10 Comparison between the training set and the test set
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Tab.3 Test set error results (sound absorption coefficient peak)

RMSE MSE MAE
0.056 1 0.003 15 0.042 9
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Tab.4 Test set error results (sound absorption peak frequency)
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Fig.13 Effects of feature variables on the sound absorption coefficient peak under interactions
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Fig.14 Effects of feature variables on the sound absorption peak frequency under interactions
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Tab.5 Contribution values of single-sample features (sound

absorption coefficient peak)

RS R (E FEHE(E SHAP {8/% DURIE
m=1.9 mm 0.908 +0.05 0.968
n=9 JZ — -0.01 —
d=4.6 mm — +0.01 —
t=2 mm — +0.01 —
h=26 mm — +0 —

R6 BANBERFERTTERE (RS IEERE )
Tab.6 Contribution values of single-sample features (sound

absorption peak frequency)

FFAEAE R BRI SHAP {ti/% TURRMH
m=1.9 mm 218.341 -2.95 208.811
n=9 2 — +5.70 —
d=4.6 mm — +7.78 —
=2 mm — -7.58 —
h=26 mm — -12.48 —
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Fig.16 Comparison between the predictions of local samples and the

simulation results
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Tab.7 Finite element simulation results of local samples

m/mm d/mm h/mm n t/mm A Jfu/Hz
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Tab.8 Optimization results of the lowest sound absorption peak

frequency within the parameter range

m/mm d/mm h/mm n t/mm R. fu/Hz

1.0 2 26 4 25 0.815 116
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Fig.17 Comparison of simulation results of the sound absorption peak

frequency optimization
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Tab.9 Optimization results of the optimal sound absorption

coefficient peak within the parameter range

m/mm d/mm h/mm n t/mm R. fu/Hz
4.0 1.2 26 4 2 0.997 205
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Fig.18 Comparison of simulation results of the sound absorption

coefficient peak optimization
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Tab.10 Parameter status of parallel unit cells of the low—frequency

broadband spatially folded metamaterial satisfying the requirements

ST 257 m/mm h/mm t/mm d/mm n
1 14 26.5 12.8 1.5 6
2 1.8 25 13.8 14 6
3 3.2 22 15.8 1.6 6
4 3.1 20 16.8 1.8 5
5 3.1 18 17.8 1.9 5
6 3.1 18 20.8 2.2 5
7 3.1 18 24.8 24 5
8 3.1 18 26.8 2.6 5

19 E&8TMZTEFEEM MRS
Fig.19 Model of the composite broadband spatially folded

metamaterial
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Fig.20 Sound absorption curves of the composite broadband spatially
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