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•• Crystal mechanicsCrystal mechanics--FEMFEM

•• 3D EBSD3D EBSD
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crystal plasticity FEMcrystal plasticity FEM
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dyadic flow law based on dislocation mechanicsdyadic flow law based on dislocation mechanics

physics-based constitutive lawsphysics-based constitutive laws

plastic gradients, 
size scale and orientation gradients (implicit)

plastic gradients, 
size scale and orientation gradients (implicit)
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force rate = 0.2 N/s, average strain rate: 0.0001 1/s

uniaxial compression of Al single crystalsuniaxial compression of Al single crystals
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crystal plasticity FEM at small scalescrystal plasticity FEM at small scales
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small scales – single crystalssmall scales – single crystals
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Bennett Larson, Oak Ridge Nat. Lab.
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small scales – bicrystals - conventional theorysmall scales – bicrystals - conventional theory
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3D electron microscopy3D electron microscopy
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schematics of serial sectioning set-upschematics of serial sectioning set-up
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3D EBSD by serial FIB sectioning3D EBSD by serial FIB sectioning

SE-image

each 300 nm spacing
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3D rendering of EBSD sections3D rendering of EBSD sections

IMOD:  public domain software, Boulder Laboratory for 3D Electron Microscopy of Cells, University of 
Colorado, Ref.: J. Struct. Biol. 116 (1996), 71-76 
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1.2 µm milling
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TEM Folie am TEM grid

guided preparationguided preparation
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extracting and mounting TEM samplesextracting and mounting TEM samples

TEM sample fixed to a 
3-mm TEM grid

extraction of thin foil with 
nano-manipulator
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Exp. input
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MulTex 2.0 K. Helming

Extract components and background from experimentsExtract components and background from experiments
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Fließfelddivergenz und intrinsische OrientierungsgradientenFließfelddivergenz und intrinsische Orientierungsgradienten
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low high

(011)[100]:   0°- 15°Misorientierung

(111)[11-2]:  0°- 20°Misorientierung

(111)[-1-12]: 0°- 20°Misorientierung

NR

WR

E
x
p

e
ri

m
e
n

t

Simulation



Dierk Raabe

8%

y

x
z

von-Mises strain

Kleine Skalen: Oligokristalle, Al, ebene DehnungKleine Skalen: Oligokristalle, Al, ebene Dehnung



Dierk Raabe

Vielkristallmechanik, große SkalenVielkristallmechanik, große Skalen
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crystal plasticity FEM at large scalescrystal plasticity FEM at large scales

TCCP-FEM: the texture component crystal plasticity FEM
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a car contains more than 50 
billion grains !

1-billion grain scale1-billion grain scale
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Sample reference

Main texture
components

Symmetry

MulTex 2.0 K. Helming

Extract components and background from experimentsExtract components and background from experiments
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components for mapping the start texturecomponents for mapping the start texture



Dierk Raabe

local stress homogenization of more than one component possible

components for mapping the start texturecomponents for mapping the start texture
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local homogenizationlocal homogenization
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Procedure

constitutive parameter

texture component crystal plasticity FEM

(ABQ or MARC in conjunction with MPI - Subroutines)

3 Pole figures

(Textur goniometer)

Texture components

(Multex Software 
- freeware)

Large scale anisotropy: TCCP-FEMLarge scale anisotropy: TCCP-FEM
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