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Orowan equation

Elongation of the test-sample

m is the Schmid factor
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Deformation curve

The dislocations movement is controlled by: 

1) interactions with the lattice (Peierls-Nabarro Force)

2) interactions with other dislocations ( and image forces)

3) interaction with point defects (solute drag)

4) interactions with extended defects (precipitates, grain boundaries)

Yield stress
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Interaction of dislocations with the crystal lattice

Free energy

There is movement if:

Potential

Horizontal tangent: 2𝜋𝑥

𝑎
= 𝜋

4



thomas.lagrange@epfl.ch • www.epfl.ch• lumes.epfl.ch• moodle.epfl.ch• PHYS-307 

Kinks

We get a Peierls stress of order 

Double Kink 
mechanism
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Interaction between dislocations

Two parallel screw dislocations

Two parallel edge dislocations
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Solution of the problem: 
2 edge dislocations interaction 
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The Peach Koehler Force between edges dislocation
explains small angle grain boundary formation
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Dislocations: long distance interaction

d1

d2

d3

Frank Network

e.g., contains parallel 
edge dislocation lying on 
parallel (111) glide 

planes (green same 𝑏

and black opposite −𝑏)
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Dislocations: long distance interaction

8



thomas.lagrange@epfl.ch • www.epfl.ch• lumes.epfl.ch• moodle.epfl.ch• PHYS-307 

Dislocations: short distance interaction “Jogs”

edge-edge type

9



thomas.lagrange@epfl.ch • www.epfl.ch• lumes.epfl.ch• moodle.epfl.ch• PHYS-307 

Dislocations: short distance interaction

edge-screw

tree
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Forests dislocations and Cells
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K. M. Bertsch, G. Meric de Bellefon,

B. Kuehl, and D. J. Thoma, Acta

Materialia 199, 19 (2020).
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Elastic interaction with point defects

Hydrostatic pressure exerted by the dislocation on the impurity:
temp.pdf

Energy variation from infinite distance:

temp.pdf

lower energy
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Tetrahedral effect: shear-stress force in BCC

Effect on screw dislocations
e.g., ferritic steel and interaction with 

interstitial carbon in bcc Fe lattice
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Movement of the dislocation through a 
distribution of point defects

weak obstacles

strong obstacles
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Instabilities in deformation curves

Piobert - Lüders

Slip band propagation due 
dislocation multiplication 
followed by hardening due to 
interaction with point defects 
(e.g., carbon atoms in steel)
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Instabilities in deformation curves

Portevin - Le Châtelier effect

Instabilities in the flow stress due to 
pinning and depinning of dislocations 
from point defects (e.g., diffusion (pipe) 
of solute atoms to the dislocation core) 
that change their velocities 
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Interactions with precipitates

Cutting

Bypass
D

W. Lefebvre et al. / Scripta Materialia 70 (2014) 43–46

R
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Competition cutting-bypass
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Bain Orientation {100}NiBe∥{100}CoCr and <010>NiBe∥<110>CoCr

Coherent NiBe precipitates in CoCr superalloys
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Aging of NiBe precipitates in CoCr superalloys
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Hall-Petch law

Model based on the stacking of dislocations to grain boundaries

Stress applied on the shear-stress plane: 

Critical stress

Stress on the leading dislocation:

Schmid factor
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Pile-up of dislocations in
Cu observed by etch-pitting

Hall-Petch law
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