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A Study on the Prediction Model of the Radius of Curvature of the
Subtle Feature of the Automotive Parts for Different Forming Conditions
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The subtle feature is one of the characteristic lines and represents the most noticeable line in the automotive panel. In this
study, we proposed a method to predict the radius of curvature of products according to the material, its thickness, its punch
angle, and its punch radius. The radius of curvature was divided into three regions, namely, the non-linear, transition, and
linear regions. In the non-linear region, the prediction model for the radius of curvature with different forming conditions was
derived using the finite element analysis. In the linear region, the radius of curvature was assumed to be the sum of the
punch radius and the thickness of the material. In the transition region, a model connecting two regions (Non-linear and
linear region) was developed based on the continuity condition. The prediction model presented a very small RMSE with the
value of 0.314 mm. Using the prediction model, the radius of curvature with various forming variables could be predicted and
the required radius of punch, to obtain a certain value of the radius of curvature, could be precisely predicted.
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Fig. 1 Geometric characteristics of the subtle feature line
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Fig. 3 (a) Simulation results and (b) Experimental result of the
subtle feature line with the punch angle of 165°, punch radius
of 12 mm and CR3 material with the thickness of 0.65 mm
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Table 1 Coefficients of response surface model for each material

180B2 210B2 CR2 CR3 CR4
a -0.001 -0.002 -0.002 -0.002 -0.001
b 0.625 11.875 82.500 -88.500 49.000
c 0.033 0.034 0.036 0.032 0.034
d 0.067 0.073 0.071 0.077 0.063
e 0.854 1.196 0.508 0.904 1.150
f -0.382 -0.722 -0.694 -0.468 -0.395
g -0.022 -0.024 -0.025 -0.021 -0.021
h -129.067 -193.874 -177.631 -21.354 -239.114
i -10.961 -11.339  -11.479  -10.673 -11.499
j 3.641 4.158 4315 3.548 3.578
k 897.002  945.044  951.664  840.514 976.649
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