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Dislocation Dynamics Model of the Plastic Flow of fcc Polycrystals from

Quasi-static to High Strain Rates
JOWOG 32 Materials, LANL, 9 -13 May 2011
Dean L. Preston
ABSTRACT

A new internal state variable model of plastic flow is discussed. The state variables are the mobile and
immobile (network) dislocation densities. The model is comprised of three coupled ordinary differential
equations: a kinetic equation, which relates the strain rate to the stress, the state variables, the
temperature, and the density, and two dislocation evolution equations. The evolution equations account
for dislocation generation, storage of dislocations in the network and on grain boundaries, and several
dynamic recovery processes. The kinetic equation is not a Van’t Hoff-Arrhenius thermal activation
model, as is the case for all other rate-dependent strength models, but rather a mean first-passage time
model that extends the validity of the kinetic equation to arbitrarily high strain rates. The dislocation
recovery processes in the model include mobile-immobile and mobile-mobile annihilation, and single
cross-slip plus screw-screw annihilation. Dislocation are generated in the model by Frank-Read sources,
the Koehler mechanism (double cross-slip followed by loop/dipole formation), and grain boundary
nucleation. Preliminary results on copper deformation are presented.
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