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Molecular dynamics simulation of scratching a Cu bicrystal
across a X = 5 (210) grain boundary
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ABSTRACT

Molecular Dynamics(MD) method was used to investigate the change of friction force due to interaction
between dislocations and a grain boundary when a Ni tip was scratched on a Cu bicrystal. The substrate
comprised a Cu bicrystal containing a vertical £ = 5 (210) grain boundary. The moving tip for scratching
simulation was consisted of fixed Ni atoms emulating a rigid tip. The indentation depth was 3.6 and the
scratching was performed along <110>direction in the first grain. As the scratching was continued, nucleation
and propagation of dislocations were observed. In the early stage, the grain boundary played as a barrier to
moving dislocations and interrupting further dislocation movement with no dislocation resulting in no
propagation across the grain boundary. As the Ni tip approached the grain boundary, dislocations were
nucleated at the grain boundary and propagated to the second grain. However, stick-slip phenomena that were
observed on a single crystal scratching were not observed in the bicrystal, And, instead, irregular oscillation of
friction force was observed during the scratching due to the presence of a grain boundary.
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Fig. 1. Schematic diagrams of scratching
simulation blocks of for Cu single crystal(a) and
Cu bicrystal(b)
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Fig. 2. The change of friction force during
scratching. Stick-slip is not observed during the
scratching on Cu a bicrystal.
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Fig. 3 Nucleation and propagation of dislocations
during the scratching on a Cu single crystal at
point A,B,C of Fig. 2.



(a) Point D
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Fig. 4 The interruption of dislocation motions by
2 =5(210) grain boundary during the scratching
on a Cu bicrystal at point D,E,F of Fig.2.
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Fig .5 Nucleation and propagation of dislocation
during scratching on Cu bicrystal near the grain
boundary.(a),(b),(c). The friction force variation
between 21.2A and 50A of scratching distance(d).
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