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Abstract

Due to the environmental consciousness and the dem&ijld of
light-weight vehicles, high strength steel has been widely uséd in
automotive parts. However, because of the increased strength of steel, the
formability of high strength steel is inferior to traditional low strength
steels. Therefore, the die design concept for stamping low strength steel
sheets is no longer applicable to high strength steel sheets.

Concerning the finite element analysis on the stamping of high
strength steel sheets, the efforts have been endeavored to establish the
optimum simulation parameters. However, the accuracy in the prediction
of springback is yet to be improved even with the optimum simulation
parameters adopted. Therefore, biaxial stretching experiments and cyclic
tension-compression experiments were implemented in the present study
to establish a complete material model for the high strength steels so as to
enhance the accuracy of the finite element simulations in predicting the
springback phenomenon.

The finite element simulations with different material models
adopted were also performed in the present study to evaluate their
efficiency on predicting springback occurred in the stamping process. The
simulation results were compared with the experimental data and the
outcome reveals that the Yoshida-Uemori material model which considers
the Bauschinger effect lends itself to the most efficient model in
improving the accuracy of springback prediction. It is also found that the
change of Young's modulus that is taken into account in the

Yoshida-Uemori model during the unloading process affects the



springback prediction significantly. By comparing the simulation and
experiment results of the stamping of simple bent parts, it indicat«;_:_s that
the simulation results with Barlat 91 yield criterion and Yoshida-Uemori
model adopted, or the Hill 90 yield criterion and Yoshida-Uemeori model
employed, are much closer to the experimental values.

The forming characteristics of stamping a front bumper with high
strength steel sheet was then examined with the material constants
established from the cyclic tension-compression tests and biaxial
stretching tests conducted in the present study. The die addendum design
was investigated by categorizing the features of different bumper die
surfaces, and the optimum addendums that could eliminate specific
defects such as wrinkle and fracture were identified. Since some portions
of the sheet blank were subjected to tension and compression deformation
during stamping, the Bauschinger effect predominated in the deformation
process. Therefore, using the Yoshida-Uemori material model is necessary.
Through the simulation validation, we confirm that the Barlat 91 yield
criterion and Yoshida-Uemori model, or the Hill 90 yield criterion and
Yoshida-Uemori model are still the most efficient material models to be
used in the finite element simulations for stamping of high strength steel

sheets.

Keywords : high strength steel sheet, bumper, material model, stamping,
finite element analysis, die addendum design, Bauschinger

effect
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Velocity projected o
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