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Modelling the Tensile Instability of Nanocrystalline
Metallic Materials

H. S. Kim

Abstract

In this paper, the effect of grain refinement on room temperature ductility of copper was addressed.
Recent experimental results have shown that this material, as well as a number of other single-phase
metals that are ductile when coarse-grained, loose their ductility with decreasing grain size in the sub
micrometer range. A recently developed model in which such materials are considered as effectively
two-phase ones (with the grain boundaries treated as a linearly viscous second phase) was applied to
analyze stability of Cu against ductile necking. As a basis, Hart's stability analysis that accounts for
strain rate sensitivity effects was used. The results confirm the observed trend for reduction of ductility
with decreasing grain size. The model can be applied to predicting the grain size dependence of ductility
of other metallic materials as well.
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Fig. 1 Calculated and experimental stress-strain
curves for Cu at the strain rate of 10~ /s
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Fig. 2 Slmulated strain rate jumps from 10° 57 to
10” s at different strains (0.002, 0.005, 0.01,
0.02, 0.1) for Cu with the grain size of 100
nm at room temperature
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Fig. 3 Grain size dependence of the strain rate
sensitivity parameter 1/m at various
temperatures.
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Fig. 4 Room temperature ductility of Cu as a
function of the grain size: literature data
(symbols) vs. model prediction (solid line)
Symbols: Ref. [23], Ref. [24], Ref. [25],
Ref. [17], Ref. [26].
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