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Abstract: In this study, deformation behaviors at the grain level of coarse-grained ultralow carbon steel subjected
to uniaxial tension and simple shear were simulated by using a crystal plasticity finite-element method.
Heterogeneity of strain distributions appeared at the early stage and remained almost unchanged in the
following deformation. Localized strain

bands occurred at the grain level, but the Un1ax1al tension
directions of the bands depended on the de-

formation mode. These trends agreed well
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with experimental results reported in a pre- b ’ oL
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vious paper [Hama et al., ISIJ Int., 61 (2021),
1971]. The mechanisms that the direction of
the localized strain bands depended on the
deformation mode were studied on the basis
of the slip activities. The activities of slip
systems roughly followed the Schmid factor,
and the slip directions of the most active slip
systems were consistent with the directions
of localized strain bands, suggesting that the
direction of localized strain bands were de-
termined primarily by the Schmid factor.
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Crystal Plasticity Finite-element Simulation of Non-uniform Deformation Behavior
at Grain Level of Ultralow Carbon Steel

Takayuki Hama, Masashi Oxa, Takuna Nisni, Takashi MATsuNo, Seiji HavasHi, Kenji Takapa and Yoshitaka OxiTsu
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Fig. 1. Inverse pole figure map of a steel sheet obtained from the experiment'¥. The area designated by the black box was modeled in

the simulation. (Online version in color.)
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Fig. 3. Finite-element model. (a) Schematic of grain boundaries used in the model, and (b) schematic of grain-boundary discretization.
In (a), white and blue lines denote grain boundaries extracted from the inverse pole figure map (Fig. 1) and those assigned to
the model, respectively. In (b), blue-dotted and red-solid lines denote grain boundaries assigned to the model and those after

discretization, respectively. (Online version in color.)
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Fig. 4. Average longitudinal stress-longitudinal strain curves under uniaxial tension obtained from the simulation and the experiment.
The enlarged figure in the strain range to 0.01 is shown on the right.
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Fig. 5. Equivalent strain distributions at the average equivalent strains of (a) 0.0019 and (b) 0.042 under uniaxial tension. The
maximum value of the strain range is set to be 2 times larger than the average strain in each figure. (Online version in color.)
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Fig. 7. Experimental results of equivalent strain distributions (a) under uniaxial tension at the average equivalent strain of 0.04 and (b)
under simple shear at the average equivalent strain of 0.036'. (Online version in color.)
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Fig. 8. Equivalent strain distributions at the average equivalent strains of (a) 0.0015 and (b) 0.03 under simple shear. The maximum
value of the strain range is set to be 1.5 times larger than the average strain in each figure. (Online version in color.)
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Fig. 11. Relative frequency distributions of angles between the
slip direction vector and the uniaxial tensile direction.
The results are for (a) all the most active slip systems
and (b) those with Schmid factors larger than 0.45.
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Fig. 14. Correlations between the Schmid factors and the most active slip systems at the average equivalent strains of (a) 0.0019 and
(b) 0.042 under uniaxial tension. Blue elements denote that the slip systems with the largest Schmid factor showed the largest
activity among the 24 systems, whereas red elements denote that they did not. (Online version in color.)
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strain in each figure. (Online version in color.)
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