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Optimization and Design of Multi-layer Resonance Composite Sound-absorbing Structure for
High Frequency Transformer
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Abstract: Large-capacity high-frequency transformers (HFT) are typically under the excitation of high-frequency square
wave voltage, and a large number of voltage harmonic components will cause a large number of high-order vibration
components in the core vibration process of HFT, which in turn will cause a significant increase in the sound pressure lev-
el at high-order harmonics, resulting in serious noise pollution. To solve this issue, a new multi-layer resonance composite
sound-absorbing structure was first designed. The sound absorption performance of six different sound-absorbing struc-
tures was compared and analyzed by using the transfer matrix method. Subsequently, a three-dimensional
electromagnetic-structure-acoustic simulation model for HFT was established to analyze characteristics of the sound field
distribution in the presence and absence of the composite sound-absorbing device. On this basis, a method combining
central composite experimental design with finite element simulation was adopted to obtain the sound field simulation re-
sults of the sound-absorbing device under different structural parameters. Then, a radial basis function (RBF) neural
network model was established to predict sound pressure levels, and global sensitivity analysis technology is used to study
the influence degree of the structural parameters of the sound absorbing device on the sound pressure level. Finally, the
sparrow search optimization algorithm fused with Sine-cosine and Cauchy mutation was applied to obtain the optimal de-
sign parameters of sound-absorbing device and its was verified through simulation. The simulation results show that the
noise suppression effect of the optimized sound-absorbing structure is significant, and the sound pressure level is de-
creased by 10.176 dB compared to the non-optimized structure. Therefore, it is verified that the multi-layer resonance

composite sound-absorbing structure has a good noise suppression effect on high-frequency transformers.
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Table 7 The sound pressure levels of different frequencies

B kHz R4k /dB i /kHz 7 R4 /dB
5 75.240 11 87.279
6 48326 12 78319
7 77.797 13 80.354
8 72.489 14 78.609
9 69.413 15 88.126
10 91.576
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Fig.10  Simulation results of sound field in the absence of a

composite sound absorbing structure
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Fig.11 Simulation results of sound field with a composite

sound absorbing structure
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Table 8 The value range of optimization variables

A & IfE Y
D/mm 5~25
t/mm 0.5~2.5
d/mm 0.2~1.0
p 0.01~0.05
Di/mm 10~50
Im/mm 90~130
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structure optimization
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Table 10  Structure parameters optimization results

A dmm tmm p D/mm lymm D/mm jEEZ/dB

eAkRt 0.8 20 004 20 120 40 58.178
fiibfs 06 1.5 002 18 130 12 48.002

5 s 4%/dB
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100

v 13.8
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Fig.15 Sound pressure level distribution of HFT under

optimal parameters
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Table A1 Calculation results of the central combination design

F5 d/mm t/mm 14 D/mm Iw/mm Di/mm 76 [ 2%/dB
1 0.8 2.0 0.02 10 120 40 57.277
2 0.8 1.0 0.04 10 100 20 55.577
3 0.6 1.5 0.03 15 110 10 46.778
4 0.8 2.0 0.02 10 100 20 44433
5 0.8 2.0 0.04 20 100 20 58.548
6 0.4 2.0 0.04 20 100 40 52.615
7 0.6 1.5 0.03 15 110 30 49.384
8 0.8 2.0 0.04 10 100 40 62.081
9 0.6 2.5 0.03 15 110 30 50.811
10 0.4 1.0 0.02 10 120 40 60.350
11 0.8 1.0 0.02 20 100 20 59.461
12 0.4 2.0 0.02 20 120 40 50.468
13 0.6 1.5 0.03 15 110 30 49.606
14 0.4 2.0 0.04 20 120 20 53.163
15 0.6 1.5 0.03 5 110 30 49.206
16 0.4 2.0 0.02 10 120 20 60.570
17 0.8 2.0 0.04 20 120 40 51.336
18 0.8 2.0 0.04 10 120 20 64.541
19 0.6 1.5 0.03 15 110 30 49.384

20 0.6 1.5 0.05 15 110 30 52.749
21 0.6 1.5 0.03 15 110 30 49.606
22 0.4 1.0 0.04 10 100 40 62.014
23 0.4 2.0 0.04 10 100 20 58.725
24 0.6 1.5 0.03 15 110 50 52.237
25 0.4 2.0 0.02 20 100 20 60.835
26 0.6 1.5 0.03 15 130 30 43451
27 0.4 1.0 0.02 20 100 40 52.660
28 0.6 1.5 0.03 15 110 30 49.606
29 0.8 1.0 0.04 20 100 40 53.992
30 1.0 1.5 0.03 15 110 30 50.129
31 0.4 1.0 0.04 20 100 20 52.763
32 0.4 1.0 0.02 20 120 20 52.341
33 0.6 1.5 0.03 15 920 30 49.909
34 0.8 2.0 0.02 20 100 40 55.859
35 0.4 1.0 0.04 10 120 20 65.662
36 0.8 2.0 0.02 20 120 20 52.121
37 0.6 1.5 0.03 15 110 30 49.384
38 0.6 1.5 0.03 25 110 30 51.526
39 0.8 1.0 0.02 20 120 40 50.450
40 0.8 1.0 0.04 10 120 40 62.044
41 0.4 2.0 0.02 10 100 40 62.311
42 0.8 1.0 0.04 20 120 20 55.330
43 0.6 0.5 0.03 15 110 30 53.404
44 0.4 1.0 0.02 10 100 20 58.670
45 0.6 1.5 0.01 15 110 30 51.422
46 0.8 1.0 0.02 10 100 40 62.542
47 0.8 1.0 0.02 10 120 20 63.057
48 0.6 1.5 0.03 15 110 30 49.384
49 0.2 1.5 0.03 15 110 30 48.140
50 0.4 1.0 0.04 20 120 40 58.833
51 0.4 2.0 0.04 10 120 40 60.949
52 0.6 1.5 0.03 15 110 30 49.606
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