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Physical motivations

Observation of dislocations

Definition: a dislocation is a line of crystal defects.
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Physical motivations

Observation of dislocations

Definition: a dislocation is a line of crystal defects.

Goal : modeling of plastic behaviour of crystal.
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Perfect crystal
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Physical motivations

Singular deformation of the crystal
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Physical motivations

Singular deformation of the crystal
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Topological defect = dislocation
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Physical motivations

Displacement of a dislocation
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Physical motivations

Dynamics of a dislocation

— =cnp, with c¢=c¢(I})
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Physical motivations

Rigourous result

@ Well-posed dynamics for short time: [Alvarez, Hoch, Le Bouar,
Monneau], [Forcadel], [Forcadel, Monteillet]
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Physical motivations

Rigourous result

@ Well-posed dynamics for short time: [Alvarez, Hoch, Le Bouar,
Monneau], [Forcadel], [Forcadel, Monteillet]

@ Well-posed dynamics for long time: [Alvarez, Cardaliaguet, Monneaul],
[Barles, Ley], [Barles, Cardaliaguet, Ley, Monneau], [Forcadel,
Monteillet]

Convergence of numerical scheme: [Alvarez, Carlini, Monneau, Rouy],
[Carlini, Falcone, Forcadel, Monneau], [Forcadel

Approximation of dislocation dynamics by mean curvature motion:
[Garroni, Miiller], [Da Lio, Forcadel, Monneau], [Forcadel]

Homogenization : [Imbert, Monneau, Rouy], [Imbert, Monneau,
Forcadel], [Ghorbel, Hoch, Monneau]
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Homogenization

Homogenization

displacement
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Homogenization

1D Homogenization

obstacles
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Homogenization

1D Homogenization

Velocity

Potential \
/ Dislocations
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Homogenization

Modeling

i = -V, E

with

FE = ZVO(QU,) + ZV(Q?Z — .I'j)

1<j
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Homogenization

Modeling

2=V, E
with
E = ZVO (i) + Y V(wi — )
1<J
and

Vo(w +1) = V()
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Homogenization

Modeling

2=V, E
with
E = ZVO (i) + Y V(wi — )
1<J
and

Vo(w +1) = V()

V(z) =In|x|
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Homogenization

1D Homogenization

0 T X2 T3 Ty 2

Plastic deformation

y(x,t) = ZH(Z’ —x4(t))

N. Forcadel Homogenization of the dislocation dynamics



Homogenization

Rescalling

Plastic deformation
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Homogenization

Limite =0

Theorem ( F.,Imbert, Monneau)
We have

7 (2,t) = 7°(2,2)
and the general plastic law

v =H(o,7?)
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Homogenization

Limite =0

Theorem ( F.,Imbert, Monneau)
We have

7 (@,t) = 7°(z,1)

and the general plastic law

v =H(o,7?)

~/0: plastic strain

7Y plastic strain velocity

o

. dislocation density
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Homogenization

Limite =0

Theorem ( F.,Imbert, Monneau)
We have

7 (2,t) = 7°(2,2)
and the general plastic law

v =H(o,7?)

7°: plastic strain

7Y plastic strain velocity

o

. dislocation density

o: internal stress created by the density of dislocation 2
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e Qualitative properties of the effective Hamiltonian
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Qualitative properties

A simple case: Orowan law

If Vo =0, then H(o,p) =0 - p, i.e.:

W=0- 72 :  transport with velocity o
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Qualitative properties

Schematic representation of the effective Hamiltonian
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Qualitative properties

Simulation of the effective Hamiltonian

Effective hamiltonian
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Qualitative properties

Simulation of the effective Hamiltonian
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Qualitative properties

Simulation of the effective Hamiltonian

Effective Hamiltonian
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Qualitative properties

Simulations of dislocation dynamics
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Qualitative properties

Perspectives and open problems

@ Homogenization of the Frenkel-Kontorova model (Joint work with C.
Imbert and R. Monneau)

@ Homogenization of more realistic models
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