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Abstract

Performance development is a critical component of product development, typically employing DoE
to identify influencing factors and establish mathematical models to determine the optimal param-
eter settings. DoE requires meticulous experimental design, specifying the combinations of high and
low levels of factors, so that the results from each treatment can be used to estimate the main effects
and interactions of the factors. In contrast, multiple regression methods have fewer requirements;
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by introducing sufficient variations and establishing a comprehensive performance response model.
The method can eliminate ineffective factors through gradually regression, leading to an ideal math-
ematical model that can determine the optimal parameters’ levels for meeting performance criteria.
Sound insulation performance is the core attribute of soundproofing pads, with key influencing fac-
tors including thickness, density, and shape. The response mathematical model derived from multiple
regression analysis facilitates parameter configuration by designers, greatly simplifying product de-
sign and enhancing design feasibility.
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Table 1. 22 Factorial experiment design of sound insulation pads
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Table 2. Sound insulation data of various thicknesses and densities of sound insulation pads

2. SHAREEMEENRSERESTERERE

T Pl P2 P3 P4 P5 P6
JRE mm 10 30 25 10 20 25
I g/em? 0.196 0.085 0.110 0.255 0.223 0.161
A Hz ki 7 5 (dB)
200 24.1 143 183 5.12 7.18 7.02
250 224 14.5 17.5 6.83 8.56 8.19
315 203 14.9 17.9 8.24 9.64 9.98
400 16.9 18.2 20.7 10.53 12.41 12.54
500 9.8 19.0 213 12.07 15.03 14.27
630 6.3 18.2 18.1 14.17 17.28 17.02
800 10.7 183 19.7 15.82 18.47 18.11
1000 13.9 18.6 26.7 21.67 23.7 2426
1250 154 22.9 333 23.88 26.98 27.55
1600 16.9 26.6 275 28.95 31.04 29.06
2000 19.0 27.7 27.9 31.49 34.16 33.47
2500 19.6 323 23.9 34.18 37.18 36.24
3150 213 37.6 32.1 35.72 38.88 3831
4000 243 40.8 35.6 39.46 42.05 41.98
5000 28.9 47.6 38.7 44.18 46.78 46.25
6300 323 / / 4726 50.93 48.93
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Figure 1. Sound insulation comparison of 10 mm pads
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Figure 2. Sound insulation comparison of 25 mm pads
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Figure 3. Sound insulation comparison of 10 mm~20 mm pads
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Figure 4. Sound insulation comparison of 10 mm~25 mm pads
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Table 3. Data of each factor and sound insulation at 2000 Hz
< 3.2000 Hz THI& E FRIfRAE £ i

£ o et e "
2000 10 0.196 1.96 19.00
2000 25 0.110 2.75 27.90
2000 10 0.255 2.55 31.49
2000 25 0.161 4.03 33.47
2000 20 0.223 4.46 34.16
2000 30 0.085 2.55 27.70
X 3 BEEREAT Z e A0 A, BAR A2 Minitab A% 125
The regression equation is
Y=-28.5+1.58T+ 192D —2.33TD
Predictor Coef SE Coef T P
Constant —28.51 18.53 —-1.54 0.264
T 1.5830 0.6710 2.36 0.142
D 191.68 81.21 2.36 0.142
TD -2.330 3.200 —0.73 0.542
S =2.57303 R-Sq=91.5% R-Sq(adj) = 78.7%
Analysis of Variance
Source DF SS MS F P
Regression 3 142.453 47.484 7.17 0.125
Residual Error 2 13.241 6.620
Total 5 155.694
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The regression equation is

Y=-172+1.13T+ 137D

Predictor Coef SE Coef T P
Constant —17.233 9.347 —1.84 0.162
T 1.1302 0.2317 4.88 0.016
D 137.37 29.49 4.66 0.019
S =2.36300 R-Sq=289.2% R-Sq(adj) = 82.1%
Analysis of Variance
Source DF SS MS F P
Regression 2 138.942 69.471 12.44 0.035
Residual Error 3 16.751 5.584
Total 5 155.694
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Table 4. Comparison of theoretical values and measured results
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P P1 P2 P3 P4 P5 P6
T mm 10 30 25 10 20 25
R g/lem’ 0.196 0.085 0.110 0.255 0.223 0.161
S dB 19.00 27.70 27.90 31.49 34.16 33.47
14 dB 20.95 28.34 26.10 29.03 35.95 33.11
# 5 dB 1.95 0.64 -1.78 —2.45 1.79 -0.36
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Table 5. Comparison between theoretical values and measured results based on actual thickness

5. ETXLIREEMERISEFMTNEERITEE

7 i Pl P2 P3 P4 P5 P6

B mm 9.2 29.0 26.0 11.5 19.0 24.8
P g/om? 0.196 0.085 0.110 0.255 0.223 0.161
S dB 19.00 27.70 27.90 31.49 34.16 33.47
14 dB 19.37 27.67 27.57 30.47 35.03 3331
Z5t dB 0.37 -0.03 -0.33 -1.02 0.87 -0.16
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