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Dislocations and strain hardening 
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Peach-Koehler Force 

Dynamics: forces among dislocations 
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Forces among edge dislocations 
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Forces among edge dislocations 
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Forces among screw dislocations 
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Stable configurations for dislocation ensembles 
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Homework: calculate forces among dislocations 

Calculate the mutual forces for the following dislocation configurations: 

 

2 parallel edge dislocations (same glide plane) 

parallel edge and screw dislocations (same glide plane) 

2 parallel screw dislocations (same glide plane) 

2 parallel edge dislocations (above each other) 

2 anti-parallel edge dislocations (same glide plane) 

 

 

 

Write program: 

store:  stress fields of 2D infinite screw and edge dislocations (along z axis) 

enter: position (x,y) and Burgers vector b of second dislocation (place first 

dislocation in origing) 
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Overview 

Discrete Dislocation Dynamics 

 

Statistical Dislocation Dynamics 
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Basics of Discrete Dislocation Dynamics: DDD 

Discrete Dislocation Dynamics 
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2D – view parallel to dislocation line 

Types of Discrete Dislocation Dynamics in 2D and 3D: DDD 

Discrete Dislocation Dynamics in 2D 
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2D – view parallel to dislocation line 

Types of Discrete Dislocation Dynamics in 2D and 3D: DDD 

Discrete Dislocation Dynamics in 2D 

Some questions: 

Difference between edge and screw dislocations? 

How to do multiplication? 

Dislocation bow-out? 

Annihilation? 

Climbing? 
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2D – view into the glide plane 

Types of Discrete Dislocation Dynamics in 2D and 3D: DDD 
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Discrete Dislocation Dynamics in 2D 
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2D – view into the glide plane 

Types of Discrete Dislocation Dynamics in 2D and 3D: DDD 
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Discrete Dislocation Dynamics in 2D 

Some questions: 

Difference between edge and screw dislocations? 

Cross-slip? 

Cutting? 

Jog-drag? 
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3D: DDD  (discrete dislocation dynamics) 

Types of Discrete Dislocation Dynamics in 2D and 3D: DDD 
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Full 3D segment treatment 

Types of Discrete Dislocation Dynamics in 2D and 3D: DDD 
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Discrete Dislocation Dynamics in 3D 

Some questions: 

Difference between edge and screw dislocations? 

Junctions? 

Cutting? 

Cores of the dislocations? 
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2D – view parallel to dislocation line 

 

Principle procedure 

Types of Discrete Dislocation Dynamics in 2D and 3D: DDD 

Discrete Dislocation Dynamics in 2D 
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? How to proceed? 

 Stress field of (edge) dislocation 

 Get coordinates 

 Use Peach Koehler 

 Move it  

Basics of Discrete Dislocation Dynamics in 2D 
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Basics of Discrete Dislocation Dynamics in 2D 
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Basics of Discrete Dislocation Dynamics in 2D 

inertia 

acceleration 

velocity 

friction coefficient (drag) 
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Equilibrium of forces 

Basics of Discrete Dislocation Dynamics in 2D 
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F F F F F F F F F Fdisloc self force extern therm viscous obstacle Peierls osmotic image inertia          0

Fdisloc : elastic – other dislocations 
 
 
Fself force : elastic – self 
 
 
Fextern : external 
 
 
Ftherm : Stochastic Langevin 
 
 
Fviscous  : viscous drag 

F  0

Fobstacle : obstacle 

 

 

FPeierls : Peierls 

 

 

Fosmotic: chemical forces 

 

 

Fimage : surface forces 

Basics of Discrete Dislocation Dynamics: 2D and 3D 

Equilibrium of forces 
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Example of Discrete Dislocation Dynamics in 2D 



WWW.MPIE.DE 23 

T 
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Example of Discrete Dislocation Dynamics in 2D 
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? 

1) Calculate stress field of machine and of 

all other dislocations at position of T  

 

2) Use Peach-Koehler equation to get force 

on dislocation 

 

3) Integrate with very small time step 

(explicit) viscous eq. of motion 

T 

Example of Discrete Dislocation Dynamics in 2D 
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Set-up of Discrete Dislocation Dynamics in 3D 

3D segments and node construction 
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Annihilation events 

Set-up of Discrete Dislocation Dynamics in 3D 
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Set-up of Discrete Dislocation Dynamics in 3D 

Jog formation 
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Examples in 2D and 3D 

Examples 
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Example of Discrete Dislocation Dynamics in 2D 
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Example of Discrete Dislocation Dynamics in 2D 
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Example of Discrete Dislocation Dynamics in 3D 
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Example of Discrete Dislocation Dynamics in 3D 
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Example of Discrete Dislocation Dynamics in 3D 



WWW.MPIE.DE 34 

Example of Discrete Dislocation Dynamics in 3D 
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Example of Discrete Dislocation Dynamics in 3D 
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Example of Discrete Dislocation Dynamics in 3D 
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Example of Discrete Dislocation Dynamics in 3D 
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Example of Discrete Dislocation Dynamics in 3D 
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Example of Discrete Dislocation Dynamics in 3D 
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Example of Discrete Dislocation Dynamics in 3D 
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Example of Discrete Dislocation Dynamics in 3D 
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Example of Discrete Dislocation Dynamics in 3D: superalloys 
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courtesy: Pratt and Whitney 

Example of Discrete Dislocation Dynamics in 3D: superalloys 



WWW.MPIE.DE 44 



WWW.MPIE.DE 45 



WWW.MPIE.DE 46 

Example of Discrete Dislocation Dynamics in 3D: superalloys 
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Example of Discrete Dislocation Dynamics in 3D: superalloys 
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Example of Discrete Dislocation Dynamics in 3D 
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Example of Discrete Dislocation Dynamics in 3D 
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Example of Discrete Dislocation Dynamics in 3D: superalloys 



WWW.MPIE.DE 51 

Example of Discrete Dislocation Dynamics in 3D: superalloys 



 

WHY Statistical Dislocation 

Dynamics ? 
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Statistical Dislocation Dynamics 



• kinetic equation of state 

• structure evolution 

• coupling to continuum kinematics 
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Statistical Dislocation Dynamics 
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Statistical Dislocation Dynamics 
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Statistical Dislocation Dynamics 
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• kinetic equation of state 
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Statistical Dislocation Dynamics 
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• kinetic equation of state 

kinetics: collective dislocation behaviour 
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• coupling to imposed shape change 

• structure evolution 
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Statistical Dislocation Dynamics 


