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Simulations:   why ? Simulations:   why ? 

• Understanding (prerequisite to optimization)

• Models available

• (Some) material data available

• Investment ratio: experiments/computers: factor 100
(Cost reduction via computational materials design)
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continuum scalecontinuum scale

atomicatomic scalescale

Simulations:   how ?  (continuum / atomic) Simulations:   how ?  (continuum / atomic) 

~10~1023 23 atomsatoms

~10~107 7 atomsatoms
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Simulations:   how ?  (global conditions) Simulations:   how ?  (global conditions) 

some steps are not well definedsome steps are not well defined
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Simulations:   how ?  (local conditions) Simulations:   how ?  (local conditions) 

color code: total v. Mises strain

500 µm
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Simulations:   how ?  (inheritance)Simulations:   how ?  (inheritance)

materials have a historymaterials have a history
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Neuronal simulation methodsNeuronal simulation methods

Training up to 2π
data fit: OK

Application 
beyond 2π
prediction: not OK
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Simulations:   how ?  (mechanisms) Simulations:   how ?  (mechanisms) 

large data setslarge data sets

(104 • 103)
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Simulations:   how ?   (summary) Simulations:   how ?   (summary) 

• Continuum scale

• Large data sets

• Complex boundary conditions

• Integrated modeling (microstructure inheritance)

• Input data available?

• Quantitative?
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Discrete simulation methodsDiscrete simulation methods

Potts
o    Monte Carlo (probabilistic), local 

thermodynamics, 
kinetics of transients

+    simple codes (available),  flexible,
data input simple

- no real kinetics, lattice based

N. Chen (Max-Planck-Institut
für Eisenforschung)
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Discrete simulation methodsDiscrete simulation methods

D. Raabe (Max-Planck-Institut
für Eisenforschung)

Cellular automata
o    deterministic, synchronous update
+    simple codes (available), flexible,

real kinetics, data input simple
- lattice based
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Dislocation dynamics
o    deterministic, synchronous update
+    dynamics of small angle boundaries 
- difficult codes (3D), slow, small

scale

Discrete simulation methodsDiscrete simulation methods

F. Roters (Max-Planck-Institut
für Eisenforschung)
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Example #1:  FEM + CAExample #1:  FEM + CA
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Example #2:  EBSD + Potts  Example #2:  EBSD + Potts  -- start datastart data

experimental map (after RX)

experimental

result of texture fit
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Example #2:  EBSD + Potts  Example #2:  EBSD + Potts  -- basicsbasics
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Example #2:  EBSD + Potts  Example #2:  EBSD + Potts  -- parametersparameters

06,07

07

Σ9

Σ19a
(05,06)
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Raabe, RollettRaabe, Rollett 107 MCS           108 MCS            109 MCS
Example #2:  EBSD + Potts  Example #2:  EBSD + Potts  -- results grainsresults grains

Broad mobility Broad mobility 
peak at 27°<110>peak at 27°<110>

27°<110> with 27°<110> with 
energy anisotropyenergy anisotropy

Sharp Sharp ΣΣ9 mobility 9 mobility 
peak, with energy peak, with energy 
anisotropyanisotropy
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05: mobility peak at 27¡<110>, only
06: mobility and energy anisotropy
07: mobility peak at Σ9 and energy anisotropy

Example #2:  EBSD + Potts  Example #2:  EBSD + Potts  -- results textureresults texture
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Conclusions, MPG edoc reportConclusions, MPG edoc report

Simulation methods (general thoughts)
- Potts / CA:  robust, flexible, 3D, codes available
- Vertex:  pure front tracking, difficult for 3D
- phase field: 2nd phase, impurities, 3D

Examples
- Potts:  Goss growths for mobility+energy effect

what about particles ?
not abnormal 

- CA+FEM:  example for integrated modeling


