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Study on Electrophoresis Technology Based on Response Surface Analysis Design

CHEN Longfu, LUO Lishan, LUO Zhuging, FENG Peng, LONG Lang, YUAN Zhengjun, LU Shangjun
( CRRC Times Electric Vehicle Co., Ltd., Zhuzhou Hunan 412007, China )

Abstract: A research has been conducted on the effect of electrophoretic technology on the thickness and
adhesion of electrophoretic paint film by using the response surface method. The electrophoretic voltage, time and solid
mass fraction have been determined as the key parameters based on experimental analysis. By adopting the central
composite experiment method, a three-factor process experiment has thus been designed, followed by a study on the
effects of different process combinations on the properties of paint film. Then the film thickness and adhesion can be
measured by a minitable analysis, with a P value being less than 0.05 and R* value more than 98%, thus verifying the
validity of the fitting curve, with the functional relationship between each factor and film thickness and adhesion finally
obtained. The results show that, with the solid fraction being 21.9%, the voltage 283.4 V and the time 279 s, the film,
with a thickness of about 26.45 pm, and an adhesion of about 6.12 MPa, exhibits the best comprehensive performance.
Finally, the experiment confirms that the error between the film performance and theoretical value is about 2%, and the
stability of the film quality with its optimized comprehensive performance can be verified by the batch production.
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Fig. 1 Three-factor test model schematic diagram
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Fig. 2 Relationship curve between electrophoretic

currents and time
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Table 1 Design table of electrophoresis

technology experiments

75 MR /V HHI] /s [ (A o et 535 /%
1 260 230 20
2 240 260 23
3 240 200 17
4 280 260 17
5 260 230 20
6 260 230 20
7 240 200 23
8 280 200 17
9 260 230 20

10 240 260 17
11 280 200 23
12 280 260 23
13 260 279 20
14 260 230 25
15 260 230 20
16 227 230 20
17 293 230 20
18 260 181 20
19 260 230 15
20 260 230 20
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Table 2 Date of paint thickness and adhesion

frm  RBUREE/ WES | o WERSE/ WET/

um MPa Hm MPa

1 24.0 5.5 11 21.0 5.5
2 22.5 4.8 12 26.0 5.9
3 18.2 4.6 13 24.1 5.6
4 24.5 5.8 14 235 52
5 24.0 5.4 15 235 5.4
6 24.0 5.4 16 18.0 4.5
7 18.6 4.7 17 24.5 6.0
8 21.0 5.4 18 19.5 5.4
9 24.0 5.5 19 20.9 52
10 19.3 4.7 20 24.0 5.5
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Table 3 Variance analysis results of paint thickness model

JPE AME SeqSS  AdjSS  AdiMS  F{i P1i

TSR 9 114131 114.1311 12,6800 116.69 0.000
bk 3 84.735 847347 282400 259.90 0.000
o 3 25003 25.0026 83300 76.69 0.000
ZTHEH 3 4394 43938 14646 13.48 0.001
BRI 9 0.978 09781 0.1087
ER) 5 0.853  0.8531 0.1706  5.46 0.063
aliiR I 4 0.125  0.1250 0.0313
&1t 9 115.110
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Table 4 Variance analysis results of adhesion model

KU A SeqSS AGMS F1fi Pl

Adj SS

HYE 9 343704 343704 038189 69.26 0.000
i 3 3.07320 3.07320 1.02440 185.80 0.000
Py 3 031885 031885 0.10628 19.28 0.000
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Fig. 4 Surface diagram of adhesion
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Table 5 Verification results of optimum process experiments

i HE /I / A lﬁlﬁ&% IR ) W&/
A% S JER /% pm MPa
WAHE 2834 279 21.9 26.45 6.12
SCEEE 283.0 279 21.8 25.90 6.24
E5 -0.4 0 -0.1 -0.55 0.12
ZRH -0.14% 0 -0.45% -2.08% 1.96%
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