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Development of Automobile One-piece Lower-Arm Part
by Thermo-Mechanical Coupled Analysis

H.S. Son, H.G. Kim, B.K. Choi, Y.R. Cho

Abstract
Hot Press Forming (HPF), an advanced sheet forming method in which a high strength part can be produced by

forming at high temperature and rapid cooling in dies, is one of the most successful forming process in producing

components with complex geometric shape, high strength and a minimum of springback. In order to obtain effectively and

accurately numerical finite element simulations of the actual HPF process, the flow stress of a boron steel in the austenitic
state at elevated temperatures has been investigated with Gleeble system. To evaluate the formability of the thermo-
mechanical material characteristics in the HPF process, the FLDo defined at the lowest point in the forming limit

diagrams of a boron steel has been investigated. In addition, the simulation results of thermo-mechanical coupled analysis

of an automobile one-piece lower-arm part are compared with the experimental ones to confirm the validity of the

proposed simulations.
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Fig. 1 Stress-strain curves at temperatures of

630~780C at strain rate of 0.02/s
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Fig. 2 Stress-strain curves at strain rate of 0.002~1.0/s
at temperature of 730 C
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Fig. 3 Forming limit diagrams for boron steel
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Fig. 4 Tool setup position of finite element model and
photograph of prototype tool
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Fig. 5 Temperature distribution of forming and
cooling stage
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Fig. 6 Thinning distribution at final stage
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Fig. 7 Strain distribution at final stage
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Fig. 8 One-piece lower-arm part manufactured in
HPF process and its hardness distribution

4 4 8

HPF &# el 2xolgdg neg AAAIEG A
FAAAHE S THsET. =2 AP olelE
7o 4.2 AASAE S o] gty dAY =
oo BES siAMg Aues AdFHozNE A
A AREe Ane viund Z JdAstArt T
gF, FAIEAE(OF0%)0] A FHoE 120
Ao} ek A whatel A7 gision, o
HE7A] A @ FFoZ dAFH Aol 7}
e & F Atk Ao, HPFEA Hgow
A Zojgt LA FAFA 9T ABFo)
7beetm, AT E 9 EES & < itk

[1} H. Palaniswamy, G Ngaile and T. Altan, 2004, Finite
element simulation of magnesium alloy sheet
at elevated
J.Mater.Proc.Tech., Vol. 146, pp52-60

[2] H.G Kim, H.S. Son, S.Y. Kang S.J. and S.H. Park,
2006, Thermal-mechanical coupled simulation on

ther forming of hot press formed part, IDDRG

forming temperaturees,



