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Abstract

Through the acoustic impedance theory of the perforated panel, the Helmholtz cavity resonance principle,
the acoustic finite element model theory and the geometric characteristics, the acoustic impedance model of the
perforated panel at different frequencies is established in this paper. Then plan a Taguchi method, the exit hole
shape, perforation angle, perforation density, entrance aperture size and plate thickness are taken as control
factors. Through acoustic finite element simulation to find the best sound absorption coefficient of the perforated
panel control factor combination. The sound pressure difference is calculated by simulating the inlet and outlet
ends, and the sound pressure difference is multiplied by the cross-sectional area of the entrance hole to obtain the
force difference as the output of Taguchi method. In the perforated panel characteristics analysis, the most
common 5mm aperture perforated plate on the market is used. From the results, the influence of control factors
in orders are the number of holes, the size of the entrance hole, the shape of the exit hole, the hole angle and the
plate thickness.
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%2 13 &4 dF E(1)

No 100Hz 125Hz 160Hz 200Hz 250Hz

1| S5.55E-04] 5.59E-04| 5.70E-04| 5.76E-04| 5.84E-04

2| 1.92E-03] 1.92E-03| 1.99E-03| 2.03E-03] 2.03E-03

3| S5.59E-03] S5.61E-03| S.71E-03| 5.77E-03] 5.87E-03

4] 6.17E-04| 6.16E-04| 6.28E-04| 6.38E-04| 6.48E-04

S| 1.89E-03] 1.91E-03| 1.98E-03| 2.00E-03] 2.02E-03

6| S5.46E-03] 5.51E-03| 5.70E-03| 5.74E-03| 5.81E-03

7| 9.65E-04| 9.68E-04| 9.85E-04| 9.97E-04| 1.01E-03

8] 2.79E-03] 2.80E-03] 2.85E-03| 2.88E-03] 2.92E-03

9] 2.49E-03| 2.48E-03| 2.52E-03| 2.56E-03] 2.61E-03

10| 1.40E-03] 1.40E-03] 1.43E-03] 1.44E-03| 1.47E-03

11| 1.23E-03] 1.24E-03| 1.28E-03| 1.29E-03| 1.31E-03

12| 3.96E-03| 3.97E-03| 4.03E-03| 4.07E-03| 4.14E-03

13| 9.76E-04] 9.80E-04| 9.97E-04] 1.01E-03] 1.02E-03

14| 2.80E-03| 2.80E-03| 2.89E-03| 2.95E-03| 2.95E-03

15| 2.46E-03] 247E-03| 2.51E-03] 2.54E-03[ 2.59E-03

16/ 1.39E-03] 1.41E-03] 1.45E-03| 1.46E-03| 1.48E-03

17| 9.64E-04] 9.68E-04| 9.86E-04| 9.96E-04| 1.01E-03

18] 3.83E-03] 3.84E-03] 3.91E-03] 3.95E-03| 4.02E-03

%3 13 4 dF E(2)
No 315Hz 400Hz 500Hz 630Hz 800Hz
1| 5.92E-04] 5.91E-04] 5.84E-04] 5.85E-04] 5.86E-04
2[ 2.06E-03] 2.08E-03] 2.05E-03| 2.02E-03] 2.03E-03
3| 5.96E-03] 5.94E-03] 5.85E-03| 5.85E-03| 5.83E-03
4] 6.54E-04| 6.52E-04[ 6.46E-04] 6.43E-04| 6.40E-04
S| 2.05E-03] 2.06E-03] 2.02E-03| 2.01E-03] 2.02E-03
6| S5.93E-03] 5.93E-03] S.82E-03| 5.80E-03| 5.82E-03
70 1.03E-03[ 1.03E-03] 1.01E-03] 1.01E-03[ 1.01E-03
8] 2.97E-03] 2.96E-03] 2.92E-03] 2.91E-03] 2.90E-03
9] 2.63E-03] 2.63E-03] 2.60E-03| 2.59E-03| 2.58E-03
10 1.49E-03] 1.48E-03| 1.46E-03| 1.46E-03] 1.45E-03
11] 1.33E-03] 1.34E-03] 1.31E-03| 1.30E-03] 1.31E-03
12| 4.20E-03] 4.19E-03| 4.13E-03| 4.12E-03] 4.10E-03
13 1.04E-03] 1.04E-03| 1.02E-03| 1.02E-03] 1.02E-03
14 2.99E-03] 3.02E-03| 2.97E-03| 2.94E-03] 2.95E-03
15[ 2.63E-03] 2.62E-03| 2.58E-03| 2.58E-03] 2.57E-03
16| 1.51E-03] 1.51E-03| 1.48E-03| 147E-03] 1.48E-03
17 1.03E-03] 1.03E-03| 1.01E-03| 1.01E-03] 1.01E-03
18] 4.08E-03] 4.07E-03] 4.01E-03] 4.01E-03] 4.00E-03
24 13 34 dF £(3)
No 1000Hz 1250Hz 1600Hz 2000Hz 2500Hz

1| S5.71E-04| 5.46E-04] 5.13E-04] 4.71E-04] 4.05E-04
2 1.97E-03] 1.85E-03[ 1.70E-03| 1.52E-03| 1.27E-03
3| S5.63E-03] 5.32E-03[ 4.90E-03| 4.38E-03| 3.66E-03
4] 6.19E-04| 5.85E-04] 5.39E-04] 4.81E-04| 4.03E-04
S| 1.95E-03| 1.83E-03[ 1.69E-03| 1.51E-03| 1.27E-03
6] S5.64E-03| 5.28E-03[ 4.88E-03| 4.40E-03| 3.68E-03
71 9.73E-04] 9.17E-04] 8.46E-04] 7.57E-04| 6.34E-04
8] 2.80E-03| 2.65E-03[ 2.44E-03| 2.18E-03| 1.83E-03
9| 2.50E-03] 2.36E-03] 2.18E-03] 1.95E-03] 1.63E-03
10[ 1.40E-03] 1.32E-03] 1.22E-03| 1.09E-03| 9.10E-04
11 1.26E-03] 1.18E-03] 1.09E-03| 9.77E-04| 8.16E-04
12| 3.96E-03] 3.73E-03| 3.44E-03| 3.07E-03| 2.56E-03
13 9.81E-04] 9.25E-04] 8.52E-04| 7.60E-04| 6.35E-04
14] 2.86E-03| 2.68E-03] 2.46E-03| 2.21E-03] 1.85E-03
15|  2.49E-03| 2.35E-03] 2.17E-03] 1.94E-03] 1.63E-03
16| 1.43E-03| 1.34E-03] 1.23E-03] 1.10E-03] 9.21E-04
17]  9.72E-04] 9.16E-04| 8.45E-04] 7.56E-04| 6.32E-04
18]  3.87E-03] 3.66E-03] 3.39E-03] 3.04E-03] 2.54E-03
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No 3150Hz  [4000Hz
1[ 3.15E-04] 2.46E-04
2] 1.06E-03] 1.18E-03
3] 3.03E-03] 3.38E-03
4| 3.35E-04] 3.71E-04
5| 1.05E-03] 1.17E-03
6] 3.02E-03] 3.36E-03
7] 5.29E-04[ 5.91E-04
8] 1.52E-03] 1.68E-03
9] 1.35E-03] 1.50E-03
10| 7.57E-04] 8.38E-04
11| 6.76E-04] 7.53E-04
12| 2.13E-03] 2.36E-03
13| 5.30E-04] 5.90E-04
14] 1.54B-03| 1.72E-03
15| 1.35E-03] 1.50E-03
16] 7.66E-04] 8.54E-04
17| 5.25E-04] 5.84E-04
18] 2.11E-03] 2.31E-03

#-18 Stk % 2 dF B0 & dl F1 S vk BT 300G 4 0 S E L AR T F kg (Level effect) » 7 LR
TSR RS R e B K o dEd BRI AN P R AT H R A 2 B A > kB
PEAR B BRSO R B A AT R R T T AT I S lien g Y g 1993 R ¥ 41 100HZ~4000Hz 4] F1 5 ok
BoxflsB MY AP 0 &% B~ 100Hz ~ 400Hz ~ 1000Hz ~ 2000Hz ~ 4000Hz i 3 =6 » 4o% 6 T % 10+ -k 2Tt i
4o ol
kst C>D>A>B>E
A EIVEHRE S ARV s oI EAKR STV AR S FES

% 6 100Hz ¥4 F15 -k &> iy

Levels A B C D E

Level 1 2.48E-03 | 2.44E-03 | 9.82E-04 | 1.47E-03 | 2.41E-03

Level 2 2.11E-03 | 2.37E-03 | 2.13E-03 | 2.07E-03 | 2.19E-03

Level 3 2.07E-03 | 3.96E-03 | 3.24E-03 | 2.30E-03

Effect 3.64E-04 | 3.71E-04 | 2.98E-03 | 1.77E-03 | 2.17E-04

4 7 400Hz 4] 51+ -k 2 fig

Levels A B C D E

Level 1 2.65E-03 | 2.60E-03 | 1.05E-03 | 1.56E-03 | 2.59E-03

Level 2 2.26E-03 | 2.55E-03 | 2.29E-03 | 2.21E-03 | 2.33E-03

Level 3 2.20E-03 | 4.23E-03 | 3.47E-03 | 2.46E-03

Effect | 3.96E-04 | 400E-04 | 3.18E-03 | 1.91E-03 | 2.58E-04
# 8 1000Hz #7417+ -k 22

Levels A B C D E

Level 1 2.52E-03 | 2.47E-03 | 9.93E-04 | 1.49E-03 | 2.46E-03

Level 2 2.14E-03 | 2.42E-03 | 2.17E-03 | 2.10E-03 | 2.21E-03

Level 3 2.09E-03 | 4.02E-03 | 3.29E-03 | 2.33E-03
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Effect 3.80E-04 | 3.77E-04 | 3.02E-03 | 1.81E-03 | 2.51E-04

% 9 2000Hz #+4] 715 -k & 22y

Levels A B C D E

Level 1 1.96E-03 | 1.92E-03 | 7.74E-04 | 1.16E-03 | 1.93E-03

Level 2 1.66E-03 | 1.88E-03 | 1.68E-03 | 1.63E-03 | 1.72E-03

Level 3 1.63E-03 | 3.13E-03 | 2.56E-03 | 1.81E-03

Effect 3.02E-04 | 2.88E-04 | 2.36E-03 | 1.40E-03 | 2.10E-04

% 10 4000Hz #2+4) F]5 -k &35 iy

Levels A B C D E

Level 1 1.50E-03 | 1.46E-03 | 5.82E-04 | 8.73E-04 | 1.45E-03

Level 2 1.28E-03 | 1.45E-03 | 1.30E-03 | 1.26E-03 | 1.32E-03

Level 3 1.25E-03 | 2.40E-03 | 1.97E-03 | 1.40E-03

Effect 2.18E-04 | 2.08E-04 | 1.82E-03 | 1.10E-03 | 1.26E-04
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L18 # % ® enlefie N 2 5 i S f @ & R AR Y 2 2 %o b g i Sl e B E R R B
SR T R A AT » BIA T Rl B % LT ins kv 17 1000HZ 2 B e 7R R 62 S
e 13 ¢
Y=Y +(Vy —\7)+(\7Bl—‘7)+(\7c3 =Y+ (Yos =Y )+ (Y -Y)
% 13 4| F)F R Bl X 24
TpipE R e ip ¥35-4 (%)
dF(N) | 5.45E-03 | 5.08E-03 6.74
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