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Finite Element Analysis of Forming Limit of High-strength Steel Sheets Using Ductile Fracture Criterion

Hirohiko TAKUDA, Tomofumi KANIE, Eiji ISOGAI and Tohru Y OSHIDA

Synopsis : In this study, first, the limit strains of a few types of high-strength steel sheets under various strain paths from balanced biaxial stretching to
uniaxial tension are examined by the Marciniak-type in-plane biaxial stretching test. They are compared with those derived from some crite-
ria for ductile fracture. It is found that the fracture strains derived from the criterion proposed by Cockcroft and Latham give the best fit to the
experimental results. Next, as fundamental 3-dimensional press forming processes, the square cup deep drawing and the T-shape forming of
the high-strength steel sheet are analyzed by the finite element method combined with the ductile fracture criterion. The dynamic explicit fi-
nite element program LS-DYNA ver. 970 with membrane shell is used. The comparison with the experimental results demonstrates that the
fracture initiation sites and the critical punch strokes are successfully predicted by the present approach.

Key words : sheet metal forming; high-strength steel sheet; forming limit; ductile fracture criterion; finite element simulation.
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Table 1. Tensile properties of the sheets.

Material A B C
K-value [MPa] 514 750 930
Work-hardening exponent, n 026 021 015
Nomnal anisotropy parameter, » | 2.12 150 1.03
Elongation [%] s1 34 26
Tensile strength [MPa] 280 440 593
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Fig. 1. Dimensions of tools for square cup deep drawing
and T-shape forming.
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Fig. 2. Experimentally obtained limit strains for the materials A, B and C.
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Fig. 4. Effect of work-hardening exponent, n, on fracture
strains derived from ductile fracture criteria.
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Fig. 5. Effect of normal anisotropy parameter, , on frac-
ture strains derived from ductile fracture criteria.
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