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Analysis on the Bending Deflection of the Blank Holder in Automotive Body
Panel Draw Die

Jeong-Je Yin*, Yong-Seung Shin*¥*, Heon—Youﬁg Kim***

i Abstract 1|

In the drawing of large size automotive panels, elastic deflection of die components is induced by the contact force
between them. The deflection 1s nonuniform and locally distributed, and results in nonuniform material flow. In order to
arrange such a nonuniform die gap, a correcting operation, so called die spotting, is inevitable, which requires trial and
error works and consurmning time. A prediction of the bending deflection prior to a try-out must be useful to reduce the die
spetting time. In this study, the drawing process of a front fender is simulated first, and the deflection of the blank holder is
calculated from the contact force imposing on the blank holder. The balance block heights ensuring a uniform deflection
are optimized by the analysis and design of experiments.
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Fig. 1 Structure of single action draw die and acting forces.
(a) structure of single action draw die (b) acting forces
on blank helder
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Fig. 3 Equivalent stiffness modeling of the upper die (a)
determination of upper die stiffness (b) analysis of
blank hoider using equivalent stiffness spring element
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Fig. 4 Contact pressure distribution
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(a) Z-displacement

(b) Equivalent stress
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(c) Strain energy

Fig. 5 Blank holder structural analysis results
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Fig. 6 Deformation modes with applied loads
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Fig. 7 Effect of blank holding force
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Fig. 8 Effect of balance block height on bending deflection

Table 1 L, orthogonal array and simulation results for the

optimization of balance block

Exp. Height level of balance block AZ(mm}
No. | A|B|C|DJ|E|F| G

1 1711 1 111 1] 0171

2 11111 21212 2] 0133

3 11212 1 112} 2101863

4 1122 21211 11 0172

5 21112 11 2] 1] 2] 0188

6 21112 21 1] 2 1| 0.195

7 21211 1] 214 2 11 0222

8 21211 2111 2 | 0237
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Fig. 9 Comparison of Z-displacement at initial and optimized
balance block
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Table 2 ANOM and ANOVA table for balance block

Average AZ | Degree | Sumof | Mean
Factor | by level{mm) of | squares | square E,  |F0.05)
] 2| freedom (10"} (10}
A [01% G211 1 12878 | 12878 2660 | 7T
B (0172 0.198 1 3518 3578 139
C 10191 0.180 1 63.3 63.3* 131
D |08 0.184 ] 1.5 15+ 003
E 5192 0179 ] 813 813 168
F 0192 0.178 1 95.5 95.5 195
G 019 0.18¢ 1 475 475% 098
Total 7 19337 | 2162
Pocled 4 | w6 | 484
Eror

* Indicate the factors added to the pooled error
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Fig. 10 Modification of the rib structure of blank holder
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Fig. 11 Analysis results of the modified model
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