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CALCULATION OF THE INTERACTION ENERGY
OF THE TWINNING DISLOCATIONS OF A WEDGE TWIN
BASED ON THE MESOSCOPIC DISLOCATION MODEL

O. M. Ostrikov UDC 538.24

The energy of interaction of the twinning dislocations in a wedge crystal twin was calculated based on the
mesoscopic dislocation model. It has been established that the interaction energy of the twinning dislocations
increases moderately with increase in the length of the twin. It is shown that the dependence of the interac-
tion energy of the twinning dislocations on the width of the twin is near-parabolic.

Keywords: twinning, twinning dislocation, mesoscopic dislocation model, interaction energy.

Introduction. The twinning effect should be taken into account in investigating the plastic deformation of met-
als, such as copper, thin, bismuth, siliceous iron, and titanium. By now voluminous material on experimental investiga-
tion of this effect has accumulated in the literature [1-5]. However, a consistent theory on the twinning effect that would
make it possible to describe the twinning of crystals in full measure with account for all its features has not been devel-
oped to this point. The existing theory of a thin twin [1, 6] gives no way of investigating the stressed state inside a
crystal twin and calculating the deformation and stress near its boundaries with a high degree of accuracy [7-9]. There-
fore, at present there is a need for further development of the twinning theory. In this connection, the development of
the method for calculation of the interaction energy of the twinning dislocations in a wedge twin seems to be a pressing
problem. The solution of this problem is the aim of the present work.

Formulation of the Problem and Its Solution. According to the Nabarro formula, the energy of interaction
of two dislocations with Burgers vectors b; and b, per unit length of a dislocation (Ly) can be defined in the follow-
ing way [10]:
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The twinning dislocations represent partial Shockley dislocations [10]. Therefore, their Burgers vector can be
decomposed into two components: the spiral component (bsp) and the boundary one (b,) [8, 10]. It is easy to show
that, in this case, Eq. (1) for two interacting twinning dislocations is transformed into a set of relations:
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Fig. 1. Diagrammatic representation of a wedge twin in the mesoscopic scale:
A denotes the peak of the wedge twin; B and C are the points of its intersec-
tion with the axis.

For determining the interaction energy of the twinning dislocations in a wedge twin of length L with a width
H at the mouth, we will consider this twin as a set of dislocations, the distribution of which along the boundaries of
the twin is shown in Fig. 1. In this case, the interaction energy of the twinning dislocations will be determined as the

wo( Wsp(l)

int int

ZLd > Ly
W Wi

int 1nt

ZLd 2Ly

sum of the energies of interaction of the dislocations found at each twin boundary and the energies

of interaction of the dislocations found at the opposite boundaries of the twin Thus, we obtain
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Assuming that R, = b, from (2) we have
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Relations (5) and (6) were obtained from (2) on the assumption that R = Vd2 + h2. Analogously, assuming that Ry, =
bsp in (3), we obtain
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Fig. 2. Dependence of the interaction energy of the dislocations in a wedge
nanotwin (a) and in a wedge microtwin (b) on their length and dependence of
the interaction energy of the dislocations in a wedge microtwin on its width
(c:ayH=5nm, N=10 (1); H=10 nm (1), N =20 (2); H =25 nm, N = 50
(3); H=50 nm, N =100 (4); b) H=5 pm, N = 1-10* (1); H=10 um, N =
210* 2); H = 15 um, N = 3-10* 3); H = 20 um, N = 4.10* 4); ¢) L = 100

(1), 200 (2), and 300 um (3). M , Jr%; L, nm (a); um (b); H, um (c).

Ly

Results and Its Discussion. Relations (5) and (7) can be transformed into the form more convenient for

analysis
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Then Eq. (4) will take the form
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In this relation

d= L and h:—H . (12)
N—1 2(N-1)

In the majority of experiments, wedge twins were detected; for them the relation H <L is true. However, at the initial
stage of development of twins, a situation where H > L can take place.

The calculations were carried out for iron on the assumption that bsp = by, = 0.124 nm [11], u = 81 GPa, and
v = 0.29 [12]. The number of dislocations at the twin boundary was determined by the formula

n=H (13)
2a
where a = 0.25 nm [11].

The results of the calculations are shown in Fig. 2. It should be noted that, at the initial stage of development
of a twin, an increase in its length (L < 100 nm) causes the interaction energy of the twinning dislocations to increase
insignificantly. The calculation results shown in Fig. 2a illustrate the situation where H > L, typical of nanotwins con-
sidered in [13]. In these stages of development of the twin, where H > L, the rate of increase in the interaction energy
of the dislocations is larger than that at the stages where H < L. This manifests itself as a somewhat increased slope

| WindD)|
of the graph | e | at the stages where H> L as compared to that at the stages where H <L (see Fig. 2a).

d |

Figure 2b shows the results of calculation of the interaction energy of the twinning dislocations in microtwins
detected frequently in experiments [1-9, 14-16]. It should be noted that an increase in the width of a twin at its
mouth by three orders of magnitude leads to an increase in the summary energy of interaction of the twinning dislo-
cations by six orders of magnitude (see Fig. 2a and b). As in the case of nanotwins, the interaction energy of the
twinning dislocations in wedge microtwins increases with increase in their length. This dependence takes a more and
more pronounced nonlinear form as the length of the twins increases. An increase in the width of a twin at its mouth
leads to a sharp increase in the interaction energy of the twinning dislocations (Fig. 2c). In this case, the dependence
of this energy on the width of the twin has a near-parabolic form. The length of twins markedly influences the differ-
ence between the graphs presented in Fig. 2¢ only in the case where it takes a large value (of the order of 300 pum).

Conclusions. A mesoscopic dislocation model of a wedge twin has been proposed. On the basis of this
model, the energy of interaction of the dislocations in this twin was calculated. It has been established that the inter-
action energy of the twinning dislocations increases insignificantly with increase in the length of the twin. When the
width of the twin at its mouth increases by three orders of magnitude, the summary interaction energy of the twinning
dislocations increases by six orders of magnitude. The dependence of the interaction energy of the twinning disloca-
tions on the width of the twin has a near-parabolic form.

NOTATION

a, interatomic distance in the twinning plane; bsp, bb, moduli of vectors; b; and b,, Burgers vectors of two
dislocations interacting with each other; bsp, b,, spiral and boundary components of the Burgers vectors of the twin-
ning dislocations; d, h, projections on the OX and OY axes of the segment connecting two neighboring twinning dis-
locations; i and j, indices of summation; H, width of a wedge twin at its mouth; L, length of a wedge twin; L, length
of a unit dislocation; ZLd, total length of all the dislocations of the wedge twin; N, number of twinning dislocations
at the twin boundaries (M = N—1); R, distance between the twinning dislocations; R, small parameter having the di-
mensions of length; W, energy of interaction of two dislocations; W,/ 2 Ly, ratio of the interaction energy of the
dislocations in a wedge twin to their summary length; Wisgt, energy of interaction of the spiral components of the twin-
ning dislocations; W?m, energy of interaction of the boundary component of the twinning dislocations; W-Sg(l), W?étl),
energy of interaction of the twinning dislocations found at one and the same twinning boundary; ngﬁz), W)ljlf ), energy
of interaction of the twinning dislocations found at different twinning boundaries; &, vector directed along the disloca-
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tion line; W, rigidity modulus; v, Poisson ratio. Subscripts: sp, spiral; b, boundary; d, dislocation; int, interaction; «,
distinctive index.
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