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Ultraviolet-curable coating is environmentally friendly and has the advantage of reducing the process time. The
UV-curable coating is mainly applied to interior and exterior parts of automotive vehicles. In particular, adhesion
is an important factor in the quality control of the automotive manufacturing process to improve the product
reliability. Therefore, human being experts make an effort of testing the adhesion defect in the automotive
manufacturing process. However, there is a disadvantage that the test result is subjective and costly because the
engineer manually performs the adhesion test. In this study, the risk level of adhesion defect is quantified to predict
the adhesion defect in a UV curable coating process. XGBoost is employed to predict the adhesion defect of a
product and quantify the corresponding risk level in an automotive manufacturing process.
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Figure 1. Comparison of General Coating Process and UV Coating
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Figure 2. Cross-Cutting Adhesion Test Process and Results
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UV Curable Painted Parts

I

- Penetration Film Thickness Data

- Classification
- Estimating the Risk Level

Step 1: Penetration film
thickness measurement

Step 2: Classification of
defect adhesion
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Table 1. Penetration Film Thickness Data Set
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Figure 3. Overview of the Proposed Procedure

Fepsg) Auolth, FEo| A4 A8y wao] v
S} 4 Y o8 gHER

ERH <Figure 4>}
2ol FARTTAS YREHEAR 3¢ FEY 5 Atk
Surface film thickness
Total
Film
Thickness

Penetration film thickness

Parts

Figure 4. Cross-Sectional Drawing of Coating Thickness

Figure 5. Penetration Film Thickness Measurement Using a Mea-
suring Device
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Figure 6. Penetration Film Thickness Measurement at 8 Different
Locations on the Part
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Q) 7348 A et Table 5. Adhesion Classification Result and Risk Level by
R4 BgdE mds 53 A¥-Es #4% Ad9e Penetration Film Thickness
<Table 3> 2t} 749 57 WA -3wef A2 AR of Sample Actural Label Predicted Label | Risk Level
SHALY A rE DA TRl st A of e} o 1 Adhesion Pass Adhesion Pass 0.03
I ANV ELE 5 lge AN fdeEe] 44 ¢ 2 Adhesion Pass Adhesion Pass 0.03
T o 0}((5 ) AEFT e B4, A4 72 ol6) 3 Adhesion Pass Adhesion Pass 0.03
Ol Al FL A0 2 FAFt BEgFS 7)o A& JIAY 4 Adhesion Pass Adhesion Pass 0.03
o7} 9 g4l wlal AelH o 2 T AAE AAZTHE F 5 Adhesion Pass Adhesion Pass 0.03
220l H|£-S 29 2= 9) 6 Adhesion Pass Adhesion Pass 0.03
7 Adhesion Pass Adhesion Pass 0.03
8 Adhesion Pass Adhesion Pass 0.03
3.3 Aok RAA] B S v o] A% 7] 9 Adhesion Pass Adhesion Pass 0.03
10 Adhesion Pass Adhesion Pass 0.03
B AFollA ALRE HlolE 9 71 7] el mElef A 11 Adhesion Pass | Adhesion Pass 0.03
o 917-81A ¥F-8-8 4= Q1= H} 3-Fold Cross Validation= A 12 Adhesion Pass Adhesion Pass 0.03
f3lo] Aokt mulo] A3 WAt Yuksl & 4 Q= 13 Adhesion Pass Adhesion Pass 0.05
2 319} Aorst B2y Bk ndo] =8 37)sly) 14 Adhesion Pass Adhesion Pass 0.08
93] AEZurE=A go|E AE) thdte] XGBooste} e 1} 15 Adhesion Pass Adhesion Pass 0.29
T 718k &R GAAR U, AP XY AE REE B R 16 Adhes%on Fa%lure Adhes%on Pass 0.57
= YA, BATUEA S AETuEA Zh2te] Holg 17 Adhesutn Failure Adhe.smn P'ass 0.85
2 =9 u)wek A3 <Table 459} 2] AEZTEA dlo] 18 Adhesion Pass Adhesion Failure 0.49
= T 19 Adhesion Failure | Adhesion Failure 0.81
EIE A8 XGBoost 23] Fl-scorest w% B =7k 714 20 | Adhesion Failure | Adhesion Failure | 0.81
EUTE <Table 5>= JFETFA 0e FAY< 53 21 | Adhesion Failure | Adhesion Failure |  0.87
ARZ QRF B 29I I APeEE Ilsta £ 7Y 22 Adhesion Failure | Adhesion Failure 0.89
A= YdgF0] 0.5 TA ¢ A=l Tt Aqt F71A<] 23 Adhesion Failure | Adhesion Failure 0.92
937 A& A A3 24 Adhesion Failure | Adhesion Failure 0.93
Table 3. Prediction of Defective Adhesion by Parts and Quantification of Risk Levels
Penetration Film Thickness(um) . -~ )
Predict Y; Engineer
Ty Ty Z3 ) Zg
4.9 3.5 0.8 7.8 0 0.948 PASS
4.1 3.0 0.5 8.6 1 0.593 Check
4.6 6.2 22 9.1 0 0.948 PASS
4.7 3.5 1.3 6.4 0 0.948 PASS
4.2 32 1.5 8.5 0 0.936 PASS
3.8 2.8 2.7 9.8 0 0.592 Check
5.0 42 1.8 8.1 0 0.616 PASS
4.0 4.4 2.5 10.4 0 0.592 Check
Table 4. Performance Comparison for each Data Set
Data Method Accuracy Precision Recall F1-score
) i Decision Tree 0.58 0.88 0.44 0.58
R ey 0.83 0.88 0.88 0.88
Thickness
XGBoost 0.88 0.88 0.94 0.91
Decision Tree 0.62 0.71 0.75 0.73
Surface
Film Thickness Random Forest 0.58 0.65 0.81 0.72
XGBoost 0.58 0.65 0.81 0.72
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Table 6. Shapiro-Wilk Test Results
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. P-value
Adhesion Iy Ly I3 Ty Iy Lg 7 Iy
Pass 0.32 0.62 0.78 0.09 0.74 0.42 0.05 0.44
Failure 0.98 0.86 0.22 0.22 0.22 0.22 0.03 0.79
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Table 7. Simulation Results

Data Accuracy | Precision Recall F1-score
SRS 0.99 0.99 1.0 0.99
LHS 0.99 1.0 0.99 0.99
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