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Hardening Approach into an Oligo-Crystalline Gradient Plasticity

Model

Fig.: Distribution of equivalent plastic shear without grain boundary hardening
(left) and with grain boundary hardening (right)

Problem

The classical continuum mechanical theories on the plastic deformation of single
crystals do not explain size effect phenomena observed in the mechanical responses
of polycrystals in micro-scale experiments. Strain gradient theories, developed to
describe such size dependencies, incorporate idealized concepts of grain boundary
conditions. Attempts have been made to extend the application of these theories to the
plastic deformation of polycrystals. However, the hardening behavior of polycrystals
observed in experiments is assumed to proceed in the range between these idealized
limiting cases.

Approach

In this thesis, the afore-described range of boundary conditions is approached with an
energetic grain boundary hardening model for polycrystals. The model is implemented
in a finite element code and tested on bicrystals as well as oligocrystals, i. e. structures
that consist of a few grains. The corresponding mathematical framework is based on
a rate-dependent single crystal gradient plasticity model for small deformations. The
common cases of micro-free and micro-hard grain boundary conditions are obtained
as special cases of the presented theory. An algorithm for the discretization of the
theory is accomplished for structures of basic shape. The model is investigated in
tensile and torsion test simulations on bicrystals and oligocrystals. In addition to these
investigations, simulations guided by the goal of examining the grain size effects on
the mechanical responses are performed.
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Results

The boundary condition range between micro-free and micro-hard conditions
could be approached very well. The simulations confirmed that micro-free and quasi
micro-hard conditions could be achieved as special cases of the presented theory. Grain
size effects on the mechanical responses of the investigated crystals were observed,
comparable to the observations of Fleck et al. (1994). The intensity of the size effects
depended on the magnitude of the implemented energetic grain boundary hardening
parameters. However, the specific correlation between the material parameters and
the observed grain size effects will be subject of further research in the future.
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