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Formability Evaluation of Advanced High-strength Steel Sheets
in Hole Expansion Based on Combined Continuum-Fracture
Mechanics

N. Ma, T. Park, D. Kim, D. Yoo, C. Kim, K. Chung

Abstract

In order to predict failure behavior of advanced high-strength steel sheets (AHSS) in hole expansion tests, damage
model was developed considering surface condition sensitivity (with specimens prepared by milling and punching: 340R,
TRIP590, TWIP940). To account for the micro-damage initiation and evolution as well as macro-crack formation, the
stress triaxiality dependent fracture criterion and rate-dependent hardening and ultimate softening behavior were
characterized by performing numerical simulations and experiments for the simple tension and V-notch tests. The
developed damage model and the characterized mechanical property were incorporated into the FE program
ABAQUS/Explicit to perform hole expansion simulations, which showed good agreement with experiments.
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Fig. 1 Schematic view of the damage model
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Table 1 Comparison of measured roughness data

Material | TWIP940 | TRIP590 340R
F 0.4906 0.3914 0.4941
G 0.5507 0.4950 0.5701
H 0.4493 0.5050 0.4299
N 1.4615 1.1347 1.1494
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Fig. 2 The macro-crack resistance behavior
characterized by uni-axial tensile test results:
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Fig. 3 The triaxiality-dependent fracture criteria
obtained from uni-axial tensile test simulations
considering deformation history dependence:
(a) TWIP940 (b) TRIP590 (¢) 340R
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Fig. 6 Hole expansion test results: (a) hole prepared
by milling (b) hole prepared by punching
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