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Line energy of dislocations

From the elastic stress states we obtain the elastic energy E®, which is contained in the screw dislocation.
In order to create a dislocation (e. g. screw-) a movement of the hollow cylinder by the amount of b in
z-direction is needed (see Fig. 1.22); it gives dA = dr - dz = dr -db as z = 0...b and only 79, appears in
the stress matrix. As 6 is kept konstant and as we know the integration limits of z it holds:
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Analogously (without proof) for edge dislocations:
B~ G R
o= dr(l—v) b

fep G ® G R _GV. R
= In = Mt~
dr e e

ro 70

Discussion of the results

a.)The line energy E.; has the dimension of a force [N], i. e. %fﬁ [Rm]y

b.)values for ro, R:
r ~ b (see above) p104m=2
R =: outer cutting radius ~ mean spacing of dislocations = R ~ - ~ 0.1pm
g g 7 w

-7 . . .
= £~ % ~ 10° = stress field of single dislocation is long range!

c.)estimate of energy

EQ ~ (ig 1n(103) ~ 1Gb? (~ 4eV > energy needed for producing vacancies, 1eV)
EL ~ 12(1 ) In(10%) = 3GV = 3EQ asv~ %

=The line energy of an edge dislocation is greater that that of a screw dislocation. Dislocation loops
are ellyptically (and not in form of a circle) with short edge- and long screw segments.

=Dislocations cannot produced by thermal fluctuations (4 eV > 1 eV) but must be procuced mechan-
ically

1.2.5 Interaction of dislocations

Peach-Koehler-equation

We remember the picture of conservative dislocation movement (shear of a crystal):

3 2

T—

Figure 1.25: shearing of a crystal - conservative dislocation movement, see also Fig. 1.24.

Consider the supplied work A due to gliding (Force= 7l; - I3):
A=r7ly-l3-b (hatched area in Fig. 1.25)

On the other hand, the force upon the dislocation per line length yields
A=K -l3-ly (dislocation moved by Is)
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A comparison of the coefficients yields: K = 7 - b This is the 1-dimensional representation of the Peach-
Koehler-equation. The general form for any desired stress state o yields

K = (ob) x ds

of the Peach-Koehler-equation. For the interaction of dislocations we consider some special cases:

screw dislocations

a.)two parallel screw dislocations, i. e. by = by (and |by| = |b3|!)
K5 (force, which dislocation 1 with stress field o; exerts on dislocation 2
with Burger’s vector by and line element dss)

K12:(0'1'b2)Xd§2 y
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Gbibs G2 & z
2w z24y? 2w z24y2
— | Gbibs_ y = Gb _y
2r  z2+4y? ~— 27 w2+y2
0 b=t 0
K,>0 . . .
> K 50 always repelling forces of two parallel screw dislocations
y
K,=0 no force in direction of dislocation line (i. e. z-direction)
b.)two antiparallel screw dislocations, i. e. b_i = —b;
K, = —C;—bzzzwﬁ <0 . . . . .
= G2 yy always attractive interaction of two antiparallel screw dislocations
K?J = T or 24y7 <0
K,=0 — Annihilation

edge dislocations

a.)two parallel edge dislocations:

Ogz Tay O by 0
K2 = Tey Oyy O 0 x| 0
0 fo o 0 1
y
Uzzbg 0 szb2
K12 = Ta:yb2 X 0 = _Uzzb2 agl
0 1 0 /
oK, — Ghb 2@—y) _ Gy z(@’—y?) by
T 2n(1-v) (224y?)? o 2m(1-v) (z2+y2)2 -
b1b2 X
K., — Gbiby y(32°+y%) /2N a®  y(32°+y?)
Y7 2r(1—v) (224+92)2 — 27w(1—v) (22+y?)2

K, =0 =no force in direction of the dislocation line
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Intersection: Interaction of two dislocations

In general when dislocations interact a break in the dislocation line can be created. A dislocation
moving in its slip plane will intersect other dislocations crossing the slip plane. The intersection
produces a break, of Burger’s vector length, in the dislocation line.

Remember: Although a dislocation line may have different directions it always has the same Burger’s
vector! A jog is a break in the dislocation line moving it out of the slip plane, whereas a kink is
a break in the dislocation line which remains in the slip plane. Jog or kink form when the Burger’s
vector of the intersecting dislocation is normal to the dislocation line.

Golden rule:

A jog created in a dislocation line due to the interaction of two dislocations has
the direction of the Burger’s vector of the other dislocation. For e. g. the case
of two edge dislocations (first case) the jog created in line ds» has the direction
of the Burger’s vector br.

Two edge dislocations with Burger’s vectors normal to each other

/’

b, I—

= Dislocation 2 has a jog with edge configuration as b} 1 ds,
Nothing happens to ds; as it is parallel to by

Two orthogonal edge dislocations with parallel Burger’s vectors

—

bl/ - bl/

= Both dislocations have kinks with screw orientation, as by || kink; as well as by || kinks. Kinks are
unstable and during glide can line-up and annihilate themselfes.
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One edge and one screw dislocation

Two screw dislocations
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of the screw dislocation.
— climb)

perature dependent.

) A— /- b,

= The jog (in the case of the edge dislocation) and the kink (in the case of the
screw dislocation) have edge orientation as b; L ds;

In the case of one dislocation lying parallel to the other slip plane: one dislocation has a kink with
edge orientation, the other dislocation has a jog with edge orientation. When the dislocations lie
orthogonal to the other slip plane each have a jog Wi_t’:h edge orientation.
= The jog and the kink have edge configuration as b; L ds;

e The only way the jog (edge orientation) can move by slip (conservative motion) is along the axis

e For the moving screw dislocation the jog has to be dragged along (non- conservative motion

e Dislocation climb is thermally activated, so the motion of jogged screw dislocation will be tem-




