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Plastic deformation




Strengthening metals and alloys

Solute atoms Precipitates & Interacting
dispersed particles dislocations

@ e,
000,000
0000000




Nanocrystalline metals

Microstructure
= Grain size D < 100 nm
= Large fraction of grain boundaries

Special properties

= Increased strength

= High wear resistance
= Superplasticity
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nc-Metals: Insights and Puzzles
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nc-Metals: Insights and Puzzles
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Example: Dislocation-Twin Interaction el
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Coupled GB motion
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Maximal shear stress (GPa)
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MD-Simulations of nc-metals

= Realistic interatomic potentials?

= How to get realistic virtual structures?

= How do we deal with the presence of
solutes?

= How to analyse the data and transfer
information from atomistic into
continuum models?

= How to get to realistic strain rates?
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nc-Metals: Insights and Puzzles
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Influence of solutes ?
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nc-Metals: Insights and Puzzles
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Distribution of solutes




MC-Algorithms
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Canonical

Ac = min {1, exp |[— A

Pohl, Albe,
Beilstein J. Nanotechnol.
2012, 3, 1-11
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MC-Algorithms

Semi-Grandcanonical

As = min {1, exp [-B(AU + AuNAc)]}
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Variance constrained
semi-grandcanonical scheme
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Ay = min {1, exp [—5 (AU + NAc(¢ + 2kN¢))]}
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Variance constrained semi-grandcanonical

scheme: Parallelization
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OVITO
(Open Visualization Tool)

Visualization and analysis software for atomistic simulation data:

» Platform-independent

= Easy-to-use graphical user interface

= Extendable (plug-in architecture)

= Supports scripting / batch-processing
* >110.000 lines of code (C++)

* Freely available at http://ovito.org/
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algorithm
Input:

Atomic coordinates

Partial
dislocations

+ twinning
dislocations

Handle arbitrary
Burgers vectors

+ polycrystals

Extract complete

networks of
dislocations

<

A

Output:
Discrete dislocation lines
+ Burgers vectors

Do it on the fly
+ parallel




Dislocation Extraction Algorithm (DXA)
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Example: Nanocrystalline microstructures
under deformation

Nanocrystalline Pd
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Automated dislocation detection

What can we do with it?

* Measure..
* Dislocation density
* Dislocation characters
 Activation rate of slip systems
* Types of dislocation junctions

* Reduce output data size (by 799.9 %)
 Link MD to other models...
* Discrete dislocation dynamics (DD) models

e Continuum plasticity models
(via dislocation density tensor)




Coupled Motion vs. Sliding:
nc Cu-Nb (10nm)
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Coupled Motion vs. Sliding:
nc Cu-Nb (10nm)

Cu

Xce= 0% Xcs= 3% NDb
2.5 T T : y .

2+




72 TECHNISCHE

Coupled Motion vs. Sliding:
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Coupled Motion vs. Sliding:
State GB Relaxation State
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PdAu: alloying effects

Nucleation barrier/G [10_12m]
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Atomic V in GB/ Atomic V
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PdAu: equilibration effects

Stress [GPa]
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PdAu: Equilibration effects ?
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Redistribution of Solutes?
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Studying Strain Rate Effects:
Stortcutting Diffusion
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Shortcutting Diffusion
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Mimicking ,,Strain-Rate” Effects A uNveRsITAT
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Mimicking ,,Strain-Rate” Effects
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Stress [GPa]

Plastic crystal slip strain
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Shortcutting diffusion

MD




Conclusions

= MD simulations are in principle a powerfull tool to investigate mechanical
deformation mechanisms in detail, but are limited due to large strain rates
and thus, diffusionless” conditions

* Hybrid MD/MC simulations reveal that

» the GB state not the grain interior governing the plastic response of
nanocrystalline alloys

»MD simulations overestimate the slip contributions of dislocations

* There is an urgent need to quantitative methods that allow accerated
MD/KMC simulations



