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Molecular Dynamics Study on Plastic Defonnatlon near Crack Tlp
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The mechanical behaviors around a crack tip for a system mcludmg both a crack and two tilt grain boundanes
under cyclic loading are examined usmg a molecular dynamics simulation. The grain boundary has the lowest
grain boundary energy among all tilt grain boundaries. A structural transition from bee to hep occurs around the
crack tip during the first loading in order to relax stress concentration. Edge dislocations emitted from the crack
tip move to the slip direction of 0-Fe. Then, two dislocation pile-ups near the grain boundaries are fotmed after
the edge dislocations reach the grain boundaries, because they cannot move beyond the grain boundaries. During
the first unloading, the edge dislocations emitted from the crack tip return to the crack tip and disappear in the
system. We observe that not only the crack does not propagate in the cleavage plane of a-Fe but also several
vacancies are generated along the slip direction from the crack tip during cyclic loading. Conclusively, we suggest
the fatigue crack growth mechanism for the initial phase of the fatigue fracture. That is, the fatigue crack propa-
. gates due to coalescence between the crack and vacancies which are caused by the emission and absorption of the

dislocations.
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Fig. 1. Crystallographic orientation and crack plane.

600a

- - fix
a: lattice constant

Fig. 2. Schematic diagram for simulated system.
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Fig.3 Loading pattern.
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Fig.5 Atom configuration around a crack tip at strain £=6.0%
-immedietely after loading is applied to the system:
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Fig.6 Time evolution of distribution of stress dy between the crack and the <110>{112} grain boundary under the first loading.
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Fig.7 Time evolution of distribution of stress 6, between the crack and the <110>{1 12} grain boundary under the first untoading.
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Fig.8 Energy contours around the ci:rack tip not only before loading  Fig.9 Atom configurations around the crack tip not only before loading

but also after the twelfth cycle.
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