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Abstract

In the current study, finite element analysis was conducted for the press hemming of automotive panels in order to predict
various hemming defects such as roll-in and turn down. The analysis used the exact punch movement based on the cam
location and considered the sealer between the inner and outer panels with an artificial contact thickness. The analysis
results quantify the hemming defects especially at the flange edge in the matching region of the head lamp. A design of
experiments along with the parameter study was used to obtain the optimum process parameters for minimizing hemming
defects. The optimization process selects the intake angle, bending angle of the hemming punch, and the flange height of the
outer panel. The optimum design process determines an appropriate tool angle and flange height to reduce the roll-in and

turn-down as compared to the initial design.
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Fig. 1 Schematic illustration of the press-hemming for the finite element analysis of the hemming
process process
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Fig. 2 Shape defects from the hemming process

© dFe Fotsta AAAgR S AR
of HA e TFWTE AAsAtt
2. 8|USE s z=Z
Fig. 5 Shape of the half model for the analysis of the

21 ME & S hemming process

=i g2 Fig. 39 =AlE T8 S8
o] ¥=(Hood) ZHFolth &A= &3 fadgo 22 g wl Y A stEol uAd A
% 717} CR180B29} CR3S& Algstiown, T Elof A s =) Wstol] 29.64kNS] W H 28 H-3}&}ar
Z}2F 0.6mmet 0.5mmoltt, # AlF2 =29 A &l |7} ol st AE S N AFH Fig. 49 &
=W FAHo] FIPE F, TIAE FUINeR of a3t olwe] AR Alolol= W 9 7|EA
wole 2 Y dA8e AA & AdFske] e < fske] FA ¢F 0.3mme] A2 (sealer)E =3EEHH,
I s Adshs HQl Y PR Y o] = A IA A arefsteiof gt

x| dYS fIske Fig. 39 EAISE vhel
of 47)e] Aol EAMEFE Fdet= A st 2.2 moteasd 2H
2 s ddske A T F 2FY WS AHEE 221 F& sjdz2d 4Y
U} CAM#39 CAM#47} “dstoll A x1]ist, CAM#27} 2 EEo A e A AR @S f1ste] Fig. 5ol
F9-oA gget. HEH o2 CAM#LY CAM#S7} ZAlE el o] S AAe] HEAAES 1y
EAEEE A, 2 =AMt CAM#AL, 2, 3 sto] atge] FAe wet dYe] g F= A
F9s WAFE FEsta Adds A vl 5 ddgh 7 A R d(half model)s Al st
A AN FARFoR G o] et W zh 7 R AW oa wAste sWUEA
) ejvte] ZAzfo] ghmETt = dSsiitt



WS

(a) pre-hemming

(b) main-hemming
Fig. 6 Sequential deformed shape of the inner and the
outer panels during the hemming process

Table 1 Mechanical properties of the blank

Outer panel Inner panel
UTS(MPa) 320 300
YS(MPa) 200 168
n 0.21 0.225
R-value 1.6 1.65
FLDg 25% 24%

Main hemming Punch
1

Padding force
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Fig. 7 Boundary conditions for the analysis of the
hemming process
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Fig. 8 Guidelines for the finite element discretization of
the panels and the tools

=3 Inner Panel
I Outer Panel (w/ sealer)
=3 Quter Panel(w/o sealer)

Fig. 9 Part division for the prediction of the contact
force of sealer
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Fig.10 Cam movement for the pre-hemming stage
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Fig.11 A typical curve of the cam movements according
to time : CAM#1
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Fig.12 Definition of important process parameters in
the pre-hemming process

Table 2 Process parameters applied in each cam

Design Variables CAM#1 CAM#2 CAM#3
Intake Angle 35.6° 56.5° 56.5°
Tool Angle 30° 11° 22°

Flange Height 4.1mm 7.6mm 7.6mm
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Fig.13 Analysis result obtained from the finite element
hemming analysis
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Fig.14 Measuring sections for the amounts of roll-in and
flush
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Fig.15 Quantitative shape defects between the analysis
result and the product shape
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Fig.16 Change of the normalized shape defects according
to the intake angle of CAM#1
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(b) average response
Fig.17 Plot of S/N ratio and average according to the
process parameters
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Table 3 Optimum process parameters obtained from the

design of experiment

Design Variables CAM#1 CAM#2 CAM#3
Intake Angle 36° 71.5° 41.5°
Tool Angle 20° 21° 27°

Flange Height 4.1mm 7.6mm 6.6mm
Distance between objects (numerical)
-
s 7

- 0.190920

0.000194
Min = 0.000194
Max = 0.953824

(a) initial model

Distance between objects (numerical)

- 0.953824
0.763098
L 0.572372

0.381646
- 0.190920
0.000194

Min = 0.000126
Max = 0.564063

(b) optimum model
Fig.18 Comparison of shape errors before and after

optimization
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