=] st=EA471853(X], M 31 A ® 55,2022
Transactions of Materials Processing, Vol.37, No.5, 2022
http://data.doi.or.kr/10.5228/KSTP.2022.31.5.261

261

HME-TEAANAS 0|88 MAISE MEtZdol Hauy

Mz

Shape Design of Shearing Die for the Chassis Part
with the Coupled Analysis of Shear and Die Structure
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Abstract

To reduce the weight of the vehicle, the application of the high strength steel sheets to chassis parts is increased. High
forming load is induced during the shearing process of steel chassis parts made of high strength steel, and the possibility of
an eccentric load is increased depending on the product seating condition on the die, which decreases the stability and
lifespan of the die. In this paper, a three-dimensional finite element analysis with the continuum element was conducted
using the damage theory for the cam-trimming process of the front lower arm. The structural analysis of the trimming die
was performed with the forming load result obtained from the analysis, and the amount of deflection and the stress
distribution of the die during the shearing process were evaluated for the confirmation of the tool stability. The shape of the
weak region of the die was modified according to structural analysis and then the stability was confirmed with the finite
element analysis. The analysis result showed that the possibility of tool failure during cam-trimming process was
remarkably reduced, and the reliability of the proposed modified design was validated.
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Fig. 1 Shape of the single-plate front lower arm

(a) blanking (b) padding (c) forming

0

(d) trimming (e) restriking  (f) cam-trimming

Fig. 2 Schematic view of the stamping layout of the
front lower arm

Fig. 3 Fracture phenomena of the tool during the cam-
trimming process

Fig. 4 Schematic view of the tools around the fracture
area
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Table 1 Mechanical properties of SPFH590-FB

YS(MPa) 526.8 er 0.219
ro 0.68 K(MPa) 895.3
I45 1.32 £ 0.012
rso 0.86 n 0.130
[Upper Pad]
Product]

="

[Lower Die]

Fig. 5 Shape and tool movement of the simplified model
for the finite element analysis

"'s
[Upper Pad]

¢

[CAM] [Lower Die]

Fig. 6 Finite element model for the analysis of the cam-
trimming process
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Fig. 7 Region for the mesh refinement for the analysis of
the cam-trimming process
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Fig. 8 Subsequent deformed shapes of the product and
the die during the cam-trimming process
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Fig. 9 Measured distance between the die and the blank
seated before the cam-trimming process (unit:
mm)
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Fig. 10. Simulation results obtained from the finite
element structural analysis of the lower die
with the base model
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Fig. 11 Schematic comparison of the lower die shape



(a) CASE 1

1

(a) CASE 2

nEwEEE

(a) CASE 3
Fig. 12 Subsequent deformation shape of the product
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Fig. 13 Comparison of angle of twist among design
modification
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Fig. 14. Simulation results obtained from the finite
element structural analysis of the lower die
with CASE 1
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Fig. 15. Simulation results obtained from the finite

element structural analysis of the lower die
with CASE 2
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Fig. 16. Simulation results obtained from the finite
element structural analysis of the lower die
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