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Abstract
In this study, the plastic flow behaviors of extra deep drawing quality (EDDQ) steel subjected to non-proportional
strain paths were investigated. Two-step uniaxial tension tests, in which the first step was performed in the rolling
direction (RD) and the subsequent test in different directions in 15° increments from the RD, were conducted. The
experiments clearly showed that stress overshooting and strain hardening stagnation were the dominant features, which
were captured reasonably well using a recently proposed distortional hardening model.
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Table 1 Coefficients of YId2000-2d for EDDQ
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Fig. 1 The schematic illustration of normalized yield
surface distortion in a plane under non-
proportional loading
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Fig. 2 True stress-strain curves of 4% and 10%
prestrains in the RD followed by uniaxial
tension in the (a) 45° and (b) 90° from the RD,
respectively
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Fig. 3 The schematic illustration of the operation of
Nelder-Mead simplex optimization method for
N=2
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Fig. 4 The schematic illustration of the operation of
three functions for (a) reflection, (b) expansion
and (c) contraction for N=2

Table 2 Coefficients of Chaboche type non-linear
kinematic hardening model

K & n h h,

502 0.5*10%2 0.275 4530 160

Table 3 Coefficients of HAH model

k k  k ko ko ok kL

18.7 880 63 064 1.0 0.0 3838 1.65
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Fig. 5 Predictions of Chaboche kinematic hardening
model and HAH model for 10% prestrain in
the RD followed by uniaxial tension in the (a)
45° and (b) 90° from the RD, respectively
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