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Overview

= Displacements and rotations in crystals
= Single crystal yield surface
= Taylor model for the mechanics of polycrystals

= Examples

Max-Planck-Institut fiir Eisenforschung, Disseldorf, Germany = Roters et al. Acta Materi.58 (2010)



Plastic deformation of a single crystal by dislocation slip

single slip in a single crystal

plastic anisotropy

Max-Planck-Institut fir Eisenforschung, Dusseldorf, Germany = Gottstein, Physical Foundations of Materials Science; Springer



Plastic deformation of a single crystal by dislocation slip

Max-Planck-Institut fiir Eisenforschung, Disseldorf, Germany = Gottstein, Physical Foundations of Materials Science; Springer



Boundary condition: determines lab frame constraints

Constraints lead to specific crystal rotations

Non-symmetric dislocation shear leads to rotation

+

Symmetric-shear can lead to shape change without rotation

V4 crystal
7+ rotation

Change in local constraints leads to heterogeneity

1 slip planes

Max-Planck-Institut fir Eisenforschung, Disseldorf, Germany Roters et al. Acta Mater.58 (2010)



Single crystal plasticity

strain rates and displacement gradients in crystals
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Single crystal plasticity: constructing the yield surface
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Single crystal plasticity: constructing the yield surface
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Overview

* How does that work for bicrystals ?

= Two extreme cases :

* jso-strain (Taylor)

» jso-stress (Schmid)

Max-Planck-Institut fiir Eisenforschung, Disseldorf, Germany = Roters et al. Acta Mater. 58 (2010)



Iso-stress and Iso-strain
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Iso-stress and Iso-strain

Bounding Case - Isostrain
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ISO-stress and iIso-strain

= jso-strain (Taylor-model)

» jso-stress (Sachs-model)

Max-Planck-Institut fiir Eisenforschung, Disseldorf, Germany = Roters et al. Acta Mater. 58 (2010)



|So-stress and iso-strain for polycrystals

Sachs Model (previous lecture on single crystal):

All grains with aggregate or polycrystal experience the same
state of stress;

Equilibrium condition across the grain boundaries satisfied;
Compatibility conditions between the grains violated, thus,
finite strains will lead to gaps and overlaps between grains;
Generally most successful for single crystal deformation with
stress boundary conditions on each grain.

Taylor Model (this lecture):

All single-crystal grains within the aggregate experience the
same state of deformation (strain);

Equilibrium condition across the grain boundaries violated,
because the vertex stress states required to activate multiple
slip in each grain vary from grain to grain;

Compatibility conditions between the grains satisfied,;
Generally most successful for polycrystals with strain
boundary conditions on each grain.

Max-Planck-Institut fiir Eisenforschung, Disseldorf, Germany




Polycrystal model -

= Taylor model for the mechanics of polycrystals

Max-Planck-Institut fiir Eisenforschung, Disseldorf, Germany = Roters et al. Acta Mater. 58 (2010)



The Taylor Model -

Cold Rolling

Max-Planck-Institut fir Eisenforschung, Disseldorf, Germany



The Taylor Model
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Overview -

= Examples

Max-Planck-Institut fiir Eisenforschung, Disseldorf, Germany = Roters et al. Acta Materi.58 (2010)



Multiscale crystal plasticity FEM
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Homogeneity and boundary conditions at grain scale
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Max-Planck-Institut fir Eisenforschung, Diisseldorf, Germany = Sachtleber, Zhao, Raabe: Mater. Sc. Engin. A 336 (2002) 81



2 mechanics (2D)

Experiment
(DIC, EBSD)
v Mises strain

Simulation
(CP-FEM)
v Mises strain
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Crystal plasticity FEM for large scale forming predictions

too many
grains

Max-Planck-Institut fir Eisenforschung, Dusseldorf, Germany = D. Raabe: Advanced Materials 14 No. 9 (2002) p. 639



Jexture component crystal plasticity FEM for large scale forming
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Simulation result: Taylor model
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Simulation result;: RGC scheme
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Multiscale crystal plasticity FEM for large scale forming

Numerical Laboratory: From CPFEM to yield surface (engineering)
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