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ABSTRACT

In this paper, we search for the optimal combination of main shape variables that can maximize

the noise reduction coefficient of a sound absorption system using a single micro-perforated panel

backed by a cavity. A genetic algorithm is selected as the optimization method, and an orthogonal

array table of the design of experiments is introduced to improve the efficiency of the algorithm.

Experiments and analysis for the optimization results are performed, and the results are compared. It

is confirmed that the trends of the sound absorption coefficient across the frequency band are similar

and the noise reduction coefficient has an error of approximately 3.2 %.
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Fig. 1 Diagram of a single micro-perforated panel backed
by a cavity
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Find v=1[d, b, ¢t L]
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0.05 mm <d <0.22 mm
I mm<b<30mm
0.35mm<7<0.7mm
100 mm <L <700 mm
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Table 1 Constraints and resolution for each design variable

Design variable Constraints Resolution
Hole diameter(d) | 0.05 mm < d<0.22 mm 0.001 mm
Hole pitch(d) 1 mm<5b<30 mm 0.1 mm
Panel thickness(?) 0.35mm<7<0.7 mm 0.001 mm
Cavity thickness(L)| 100 mm <Z <700 mm 1 mm
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Fig. 2 Optimal solution search sequence of genetic algorithm
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corresponds to “Exp. no.” in Table 2

Trans. Korean Soc. Noise Vib. Eng., 34(1) : 95~105, 2024 | 101



In-Seok Lee et al.; Optimization of Noise Reduction Coefficient Based on Genetic Algorithm for Single ...

0.8
Mean(lst) ----- Max(1st)
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0.7 Mean(3rd)

Fitness(NRC as objective)

1 10 100

Generation
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Fig. 8 Convergence tendency as the generation of the
population increases

Table 3 Optimization result by genetic algorithm

Trial .Hole lee Panel Cavity
o, diameter pitch thickness | thickness | NRC
[mm] [mm] [mm] [mm]
1 0.140 1 0.38 298 0.65
2 0.139 1 0.35 298 0.65
3 0.142 1 0.38 295 0.65
Avg. 0.140 1 0.37 297 0.65
it A= (mean fitness)’t §A] o I
Helow o]FHE FE 7| 10004 HH7HA] B
4 gwshl AMsle sHske 4P Bk ol
28 AI7H Intel i7-7700 CPU, 8 GB RAM 3744
Aok 3% AEZ /1SHQAL. Agus el

ok 4

24 94 1A 20 Aol e Ha w2
2ato] oF 4004t ol A AP Aol 47
v Aom GAHQ. olule] HHat Table 33}

Of

2 o
o)
o
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Table 4 Experimental equipments used to measure sound
absorption coefficient

Equipment Model Manufacturer B, @
uses
. 3
Reverberation 220 m 4Chawon eng. 1
chamber volume
Signal analyzer SA-01 RION 1
Microphone 40AQ G.R.AS 6
Speaker(Tweeter) BP012 CESVA 1
Low frequency SR
speaker(Woofer) 4145SUB VACOM !

Fig. 9 Sound absorption coefficient measurement setup
using the reverberation chamber method. Blue
arrow(solid line): microphone, red arrow(dotted
line): tweeter, yellow arrow(dashed line): woofer,
red circle(dotted line): noise source position,
black circle (dashed line): side sealing

g W 5 7219 YAKrandom incident) 27 &
o] 8ot zhakalH(reverberation chamber method)
S AREERglom, olgt g FAA A =
3 F 2805:2014° &3l G2)3}3itt.
3ol Table 49 AnlE &85ty AFA 9
Z AL 0.14mm, & AL L1mm, HYE T4
0.4 mm= A28t on #l$ F7]1% F7= 305 mm
= AAskih WA 109 m™7t HES skglh Al
AA SUFE HolZE T 97|AES AT
o} wlo] ZZEL Fig. 9o YER ule} o] A3A|
Ao 2 RE SR8 1.2m o] A 6740l
= A AR 270 AR e
, MALSS S9ow Fasgirty Fi
=4 e 1/3 2EH W= 71E 100 Hzol A 5 kHz

lo
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Fig. 10 Comparison of the sound absorption coefficient
experiment results of the test specimen and the
analysis results for the optimization results.
NRCexp = 0.63, NRCer= 0.65.
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