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Abstract

A phase mixture model was employed to simulate the deformation behaviour of metallic materials covering a wide
grain size range from micrometer to nanometer scale. In this model a polycrystalline material is treated as a mixture of
two phases: grain interior phase whose plastic deformation is governed by dislocation and diffusion mechanisms and
grain boundary 'phase’ whose plastic flow is controlled by a boundary diffusion mechanism. The main target of this study
was the effect of grain size on stress and its strain rate sensitivity as well as on the strain hardening. Conventional Hall-
Petch behaviour in coarse grained materials at high strain rates governed by the dislocation glide mechanism was shown
to be replaced with inverse Hall-Petch behaviour in ultrafine grained matérials at low strain rates, when both phases
deform predominantly by diffusion controlled mechanisms. The model predictions are illustrated by examples from
literature.
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Fig. 1 A schematic illustration of the phase mixture
model. The dashpots in the figure represent the
respective viscoplastic mechanisms involved
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Fig. 2 Calculated stress-strain curves for copper of
different grain sizes at various strain rates.
Stress response to strain rate jumps at
£ =0.1 is pronounced for sufficiently small
grain size and low strain rate
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g. 3 Grain size dependence of the flow stress of Cu
at a proof strain of 5% presented in a Hall-
Petch diagram
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Fig. 5 Strain rate sensitivity at 5% strain as a func-
tion of the grain size calculated for various
base strain rates
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