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Motivation: Basics of crystal mechanicsMotivation: Basics of crystal mechanics

Reason #1: basics: connection between (simple) kinematics and 
(complex) dislocation mechanics; crystal mechanics beyond the 

single crystal; boundary condition treatment in larger crystal 
aggregates, homogenization at small scales

Reason #2: small-scale experiments cannot be interpreted 
without quantitative theoretical mechanics treatment
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Motivation: Engineering, Crystal MechanicsMotivation: Engineering, Crystal Mechanics

Reason #3: understand macromechanics in terms of micromechanics
(2 essential examples given)

beer can 1820 A.D. beer can 2000 A.D.

mechanical metalllurgy 2000 B.C. mechanical metalllurgy 2000 A.D.
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Motivation: Crystal Mechanics at Small ScalesMotivation: Crystal Mechanics at Small Scales

Reason #4: micromechanics as product property:
surface, direct grain anisotropy, damage,…

2000 µm
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Motivation: Basics of crystal mechanicsMotivation: Basics of crystal mechanics

Reason #1: basics: connection between (simple) kinematics and 
(complex) dislocation mechanics; crystal mechanics beyond the 

single crystal; boundary condition treatment in larger crystal 
aggregates, homogenization at small scales

Reason #2: small-scale experiments cannot be interpreted 
without quantitative theoretical mechanics treatment
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OverviewOverview

connection between crystal orientation 
and lattice defect mechanics (here: 
dislocations)



D. Raabe, Max-Planck-Institut für Eisenforschung, Düsseldorf, Germany

Motivation: Fundamentals of crystal mechanicsMotivation: Fundamentals of crystal mechanics
D. Raabe, Max-Planck-Institut für Eisenforschung, Düsseldorf, Germany

one dislocation

parallel loops

reactions

spin (orientation change)

mesoscopic boundary conditions
(grain / orientation neighborhood)



D. Raabe, Max-Planck-Institut für Eisenforschung, Düsseldorf, Germany

kinematics:
rotation / texture (antisymmetric part 
of plasticity)

kinematics:
strain (symmetric part 
of plasticity)

Motivation: Fundamentals of crystal mechanicsMotivation: Fundamentals of crystal mechanics
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single crystal level



?

?

rotation (texture) is the
antisymmetric part 
of the displacement gradient

strain is the symmetric part 
of the displacement gradient

internal 
boundary
conditions

external 
boundary conditions
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single crystal level



Anisotropy of plasticity



single crystal plasticity

Anisotropy of plasticity
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single crystal, bcc, (001)[100]
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polycrystal level
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kinematics kinetics

1 grain, 1 system:

sample  (i,j)

crystal  (k,l)

slip systems

lkkl bnm =

m a n a bij ik k jl l=

v vnb

1 grain, many systems  (stress space)
yield surface:
on  YS:   elastic-plastic flow
below YS: elastic
above YS:  does not exist
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D
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The Taylor Model

• texture
• kinematik hardness (orientation dependent 

hardness)
• assumption of strain rate homogeneity



important anisotropy issues:

crystal interaction, mechanics at grain boundaries,
slip system selection

polycrystal level

Taylor-Model



Crystal mechanics and FEM

One-to-one mapping of orientations / texture
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Crystal plasticity finite element method



simulationexperiment

Forces:  4, 6, 8, and 10 µN
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Ben Larson

Crystal mechanics FEM, nanoindentation, Cu single crystal
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Bicrystals, Al, low angle [112] g.b.Bicrystals, Al, low angle [112] g.b.
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experiment
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dislocation-
based model 
(nonlocal)

von Mises
strain [1]



D. Raabe, lecture, London, Young Centre, 17. April 2007Max-Planck-Institut für Eisenforschung, Düsseldorf, Germany

Crystal Mechanics FEM, grain scale mechanics (2D)Crystal Mechanics FEM, grain scale mechanics (2D)

Experiment 
(DIC, EBSD)
v Mises strain

Simulation 
(CP-FEM)
v Mises strain
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Crystal Mechanics FEM, grain scale mechanics (3D)Crystal Mechanics FEM, grain scale mechanics (3D)
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Steel



Crystal Plasticity FEMCrystal Plasticity FEM
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Example: automotive modelingExample: automotive modeling



Beispiel einer Ziehsimulation

Frontklappe A6 (C5): 
Halbsicht des gezogenen Teiles

Frontklappe A6 (grau) und 
ursprüngliche Form der 
Blechplatine (rotes 
Gitternetz):
Durch die Simulation kann u.a. 
der optimale  Beschnitt der 
Platine festgelegt werden.

anisotropie of plasticity


