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Abstract: The objective of this research is to determine the optimal conditions for the electrodeposition
(ED) painting process of car hoods to address the issue of over-standard paint thickness, which adversely
affects product quality and production costs. This study applies the Box-Behnken Design to investigate
factors influencing the occurrence of over-standard paint thickness. The three key factors examined include
voltage (250-300 V), temperature (32-35 °C), and biocide concentration (200—400 L). The experimental
results indicate that all three factors are statistically significant at a 95% confidence level. Through
mathematical modeling and optimization, the optimal conditions were found to be a voltage of 252 V, a
temperature of 32 °C, and a biocide concentration of 345 L. Confirmatory experiments were conducted to
validate the accuracy of the mathematical model by comparing actual experimental values with predicted
values. The results showed a percentage error of 1.32%, which is within the 5% limit. This demonstrates
that the optimal conditions for the ED painting process of car hoods derived from the mathematical model

are reliable and suitable for practical application.
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M15191 3 HaMIIATNERANNLLTUTIH (ANOVA)

Source DF Sum of Mean F-Value P-Value
Squares Squares
Model 9 702.281 78.031 19.67 0.002*
Linear 3 485.590 161.863 40.80 0.001*
X; - Voltage 1 36.980 36.980 9.32 0.028*
X, - Temp 1 389.205 389.205 98.10 0.000*
X, — Biocide 1 59.405 59.405 14.97 0.012*
Square 3 207.911 69.304 17.47 0.004*
X2 1 5.466 5.466 1.38 0.293
X,? 1 6.564 6.564 1.65 0.255
X2 1 192.296 192.296 48.47 0.001*
2-Way Interaction 3 8.780 2.927 0.74 0.573
XX, 1 4.840 4.840 1.22 0.320
X4 X, 1 1.690 1.690 0.43 0.543
X5*Xs 1 2.250 2.250 0.57 0.485
Error 5 19.837 3.967 - -
Lack-of-Fit 3 13.630 4.543 1.46 0.430
Pure Error 2 6.207 3.103 - -
Total 14 727117 - - -
Model Summary S R - Sq R - Sq (adj) R — Sq (Pred)
199182 97.25 % 92.31 % 67.87 %
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4 Qs a Af ' @ .
A1319N 4 mauﬂizammaaaummmaﬂugﬂﬁmm%a (Coded Coefficients)

Term Coef SE Coef T-Value P-Value VIF
Constant -269 599 -0.45 0.672

X, -2.05 1.28 -1.60 0.171 2065.22
X, 34.8 31.8 1.09 0.324 4583.74
X -0.645 0.256 -2.52 0.053* 1318.56
X2 0.00195 0.00166 1.17 0.293 1049.68
X,? -0.593 0.461 -1.29 0.255 4323.75
X4? 0.000722 0.000104 6.96 0.001* 79.01
XX, 0.0293 0.0266 1.10 0.320 1240.56
Xi*Xs 0.000260 0.000398 0.65 0.543 261.00
X5*Xs 0.00500 0.00664 0.75 0.485 1016.56
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RUBLAG !

Process Capability Report for Thickness
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i
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Target * : 7 \
usL 25 | ’ \ Owverall Capability
Sample Mean 329533 I \ Pp 023
sample N 15 ! v PPL 083

StDev(Overall) 7.18191 PPU -0.37

! \
StDev(Within)  5.25583 | | ) . Ppk 037
1 I Cpm *
| Iy \ Potential (Within) Capability
! cp 032
i ] CPL 114
! -‘ k\ CPU  -0.50
: / Cpk 050

1 ¢ N\
| y \\
1 - A

- — P
16 24 32 40 48
Perfarmance
Observed  Expected Overall  Expected Within
PPM < LSL 0.00 6213.18 317.87
PPM > USL  866666.67 865942.13 93489083
PPM Total — 866666.67 87215531 935208.70
The actual process spread is represented by 6 sigma.
a
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