Chapter 3 Force Acting on a Dislocation

3.1 Peach-Koehler equation
7 : applied shear stress
[ : the length of the dislocation
x : distance that the dislocation moved
b : magnitude of the Burgers vector b

the work done W by the applied stress
W = (force) x (distance) =(tlx)Xb

Rearranging variables, we have

W =(thbl)xx =(force T7hl) x (distance x) 3.1

| Force acting on a unit length of a dislocation = 7b |

More strictly,

o; : applied shear stress
t : dislocation line (unit) vector
f : force acting on a unit length of a dislocation

3
A= ZO'ijbi : a vector

i=1

(Peach-Koehler equation) (3.2)
The force is always acting perpendicularly to the dislocation.

A =0,b +0yb, +031b5 fi = Ast; — Asty
A2 = G]zbl + Gzzbz + 0-32b3 ]“2 = A3t1 - A1t3 (33)
A;=013b + 0p3b, + 033bs 3= At — At

3.2 Interaction between two dislocations

3.2.1 parallel screw dislocations

dislocation I at [0, 0, x3] : b=1[0, 0, 6], t=10, 0, 1] Ty
dislocation II at [x, d, x3] : b=1[0, 0, 6], t=][0,0, 1] d
Force acting on dislocation II from dislocation I d
(from Eqgs. (3.3)) IIb
Ji= Atz — Asty = Ay = O3b 0 X x

fH=At —At;=—-A =—03b

Fig.2.3 two parallel screw dislocations



fi=AtL—-AL=0

From the above and Eq. (2.2)
b’ b d
f:[ﬁ’ﬁ,ﬁ]:[ﬂ al 1 0} 3.4

2n X2 +d* 2m X +d*

f]= b’ (r=~x’+d*) (3.5)

2nr’

{ :repulsive (if the two screw dislocations have the same sign)

: attractive (if the two screw dislocations have opposite sign)

3.2.2 parallel edge dislocations

dislocation I at [0, 0, x3] : b=1[b, 0,0], t=]0,0, 1]
dislocation IT at [0, 0, x3] : b=1[b, 0,0], t=]0,0, 1]

Dx(x*—=d*) Dd(3x*+d*)
(2 +d*? 7 (P +dP)

f=[f1,fz,f3]=[ ; 0] D=ub* I {2n(1-v)}

where
D=+ub’ / {2rn(1-v)}, (+: same sign, -: opposite sign)

If the slip plane of each dislocation is unchanged, the force component f; determines the
interaction.

Dx(x* —d?)
= 3.6
) (x*+d*) (3.6)
same sign : stable when I and II line up vertically
opposite sign : stable when I and II are at the 45° position
fi
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Fig.2.4 Force acting on dislocation I from dislocation 11
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