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Dislocations in face-centered cubic and body-centered cubic crystals
Hr s

Masaki TANAKA

Synopsis: In this article, the author reviews the basics of the plastic deformation of crystalline materials. First, three

mechanisms behind the plastic deformation were shown in case of non-large scale plastic deformation at lower than

a half of a melting point, such as slip deformation, twinning deformation, and phase transformation. Slip deformation
was focused to explain in detail. Slip systems, Burgers vectors, theoretical strength, and Peierls stress were
mentioned. The definition of Burgers vectors with a FS/RH convention was explained. Natures of dislocations in fcc
and bcce crystals were explained. For fcc crystals, dislocations were dissociated into Shockley partial dislocations.
The relationship between work hardening and stacking fault energy was mentioned. For bcc crystals, the strong
temperature dependence of yield stress was focused. The reason why screw dislocations in bcc crystals have high
Peierls potential was explained basing on a Suzuki model. The decreased in the yield stress was explained basing

on the thermally activated process of dislocation glide.
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Fig.1 Change in a macroscopic shape with plastic deformation.
(a)before deformation, (b)slip deformation,(c)twinning
deformation, (d)martensitic transformation
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Fig.2 Precision-markers on specimen surfaces after tensile
deformation.(a)Area with slip deformation. (b)Area with
twins. Markers in white squares are twinning relations.
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Table 1 Crystal structures and slip systems.
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Table 2 Theoretical strength and measured CRSS.
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Al 09 0.78 0.00087
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Fig.3 Schematic drawings of dislocations. (a) edge dislocation,
(b) screw dislocation.
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Fig.4 Burgers circuits to determine a Burgers vector under the
FS/RH convention. (a) Imperfect region including a
dislocation. (b) Perfect region without dislocations.
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Fig.5 Relationship between Peierls stress and h/b'®.
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Fig.6 Pencil glides observed on the surface in ferrite after
defromation.
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Fig.7 Schematic drawing of atomistic arrangement on {111}
planes in fcc crystals. B and C are positions of atoms
on upper layers.
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Fig.8 Schematic drawing of atomistic arrangements of a
staking fault induced by Shockley partial dislocations.
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Fig.9 Typical stress-strain curve of single crystals.
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Table 3 Stacking fault energy'®.
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Fig.10 Schematic drawing of atoms in bcc crystals. (a)Unit
cell, (b)(111) projection. Atoms with the same colours
are on exactly the same (111) plane.
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Fig.11 Schematic drawing of a screw dislocation and the

Peierls potential. (a)A screw dislocation lies along the
valley of the Peierls potential. (b)Nucleation of a kink-
pair along the screw dislocation. (c)Motion of the
kink-pair along the screw dislocation.
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Fig.12 Activation energy obtained from the temperature
dependence of yield stress in Ti-added ultra-low
carbon steels'™.
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