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—— Problem setting

Typical application fields:

MEMS, nanoindentation, thin films,

materials with a microstructure of hard and soft phases
(e.g. steels, Ni-base superalloys)

Modelling approach:

Plastic deformation on the scale of a few microns is length-scale dependent: smaller is harder
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The plastic deformation is traced back to the motion of dislocations. Not discrete dislocations are described, but evolution
equations for a small number of field variables are derived that describe their collective motion, yielding a continuum model.
The crucial point is to take into account the line tension of the dislocations, which becomes important on the microscale.
Crystal plasticity enables a coupling of this model to small strain continuum mechanics.

A representative dislocation is described
as parametric curve, thus providing its
curvature and hence the self-force on
the dislocation.

Equilibrium of forces — velocity field:
Bv=(r—7)b+Tk

Continuous distributions of dislocations

in form of single-valued fields are

considered (unique line orientation ¥} and

density ¢). Their superposition enables
a description of multiple-valued fields.

The standard continuum theory of
dislocations together with the parametric
description yields evolution equations
for the field variables:
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The plastic slip 7" is calculated

by means of the Orowan equation
based on the Burgers vector magnitude,
the dislocation density and the
displacement of a representative

dislocation.

Initial dislocation distribution

boundary conditions (dislocations)

evolution of dislocation fields

boundary conditions (mechanics)\

Boundary conditions for the field
evolution equations account for the
confinements of the dislocation motion
due to the inhomogeneous loading or
microstructure.

e

J Thus the bow-out of the dislocations is
enforced.

On impenetrable phase interfaces: v = 0
On free surfaces (image force): U =0

Schmid's law is applied to calculate the
resolved shear stress 7 on the considered

/ slip systems (normal n, slip direction s)
from the macroscopic stress tensor.

The macroscopic tensor of the plastic
distortion rate 3" is assembled from
the plastic slip contributions of the
active slip systems:

p .
B =)1s®n
continuum crystal plasticity
Investigated loading conditions:
r - shearing of thin films
- bending of free-standing crystalline
strips
- torsion of thin wires

- shearing of a representative volume
element of a composite

— Numerical implementation

The numerical implementation of the model is based on (1) the finite element method applied to the mechanical problem,
(2) a vertical line method applied to the Lagrangian formulation of the evolution equations, which form a convection dominated

system (Lagrangian particle tracking method), and (3) a homogenisation step for their coupling.

—— References

Sedlacek R, Kratochvil J and Werner E 2003 Phil. Mag. 83 3735 - 3752
Schwarz C, Sedlacek R and Werner E 2005 Mat. Sc. Eng. A 400-401 443 - 447
Sedlacek R 2005 Mat. Sc. Eng. A 400-401 439 - 442

Schwarz C, Sedlacek R and Werner E 2007 Comp. Mat. Sc. 39 85 - 90

Sedlacek R and Werner E 2004 Phys. Rev. B 69 134114

Sedlacek R 2005 Mat. Sc. Eng. A 393 387 - 395

Sedlacek R, Schwarz C, Kratochvil J and Werner E 2006 Phil. Mag. 87 1225 - 1260
Schwarz C, Sedlacek R and Werner E 2007 Mod. Sim. Mat. Sc. and Eng. 15 S37 - 549

Lehrstuhl fur Werkstoffkunde
und Werkstoffmechanik

LLKIT

MPA

MASCHINENBAU
TU MUNCHEN

Deutsche
Forschungsgemeinschaft

UFG

Materialprifamt flr den
Maschinenbau



