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Fig. 1. Two-dimensional phase diagram of PFC: L, T

and S represent liquid phase, triangular phase, strip

phase, respectively.
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Fig. 2. the sketch map of shear strain exerting on the
sample. The top and bottom zone are the liquid phase.
The exerting region for F and F» is a two atomic layer
width in y direction, which are about 81 < y < 97 or
—97 <y < —81.
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Table 2. Experimental effect (38,39] under constant strain rate in materials working processes.
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Fig. 3. (color online) Evolution of edge dislocation climbing and gliding under shear strain with & = 1.49 x 1072/t

at: (a) t =0, (b) t = 13000, (c) ¢t = 24800, (d) ¢ = 30000.
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Fig. 4. (color online) The free energy vs time curve under different shear strain, strain rate ¢ (a) 5.0 x 1072/, (b)
3.12 x 1072/, (c) 1.52 x 1072 /¢, (d) 1.49 x 1072/¢t, (e) 1.19 x 1072/, (f) 1.18 x 1072/¢, (g) the free energy vs

t
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Fig. 5. (color online) The curve of dislocation position vs time under different shear strain, strain rate € (a) 5.0 x 1072/¢,
(b) 3.12x 1072 /t, (c) 1.52 x 102 /t, (d) 1.49 x 1072 /¢, (e) 1.19 x 1072 /¢, (f) 1.18 x 1072 /¢, (g) the curve of dislocation
position vs time under different strain rate (1) 5.0 x 1072 /¢; (2) 3.23 x 1072/¢; (3) 3.12 x 1072 /¢; (4) 2.0 x 1072 /¢; (5)
1.52 x 1072 /t; (6) 1.49 x 1072 /t; (7) 1.23 x 1072 /t; (8) 1.19 x 1072/t; (9) 1.18 x 102 /t; (10) 1.0 x 1072 /¢.
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Table 3. Average strain ~p, critical strain rate 4, average sliding speed vs and energy barrier AEghde by

calculating.
g/t Yp Ip/ts Vs/gp-ts_l AEglide
5.0 x 1072 0.105 4.2 x 1072 55 x 1073 3.831 x 10~3
3.12 x 102 0.085 2.1 x107° 36 x 103 3.097 x 10~3
2.0 x 102 0.060 1.5 x 10~° 12.5 x 103 2.186 x 10~3
1.49 x 102 0.045 1.12 x 10—5 7.5 x 1073 1.640 x 103
1.19 x 10—2 0.040 1.0 x 10—5 2.5 x 1073 1.458 x 103
1.0 x 10—2 0.035 7.0 x 10~6 1.33 x 103 1.276 x 103
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Fig. 7. (color online) Average shear strain 7 vs time,
strain rate € (1) 5.0 x 1072/¢; (2) 3.23 x 1072/¢;
(3) 3.12 x 1072 /¢; (4) 2.0 x 1072 /¢t; (5) 1.52 x 1072 /¢;
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Abstract

Structural kinetics in crystalline solids is driven heterogeneously at an atomic level by localized defects, which in
turn drive mesoscopic and macroscopic phenomena such as structural phase transformation, fracture, and other forms
of plastic flows. A complete description of such processes therefore requires a multiscale approach. Existing modeling
methods typically operate exclusively either on an atomic scale or on a mesoscopic scale and macroscopic scale. Phase-
field-crystal model, on the other hand, provides a framework that combines atomic length scale and mesoacpoic/diffusive
time scale, with the potential reaching a mesoacpoic length through systemic multiscale expansion method. In order to
study the dislocation movement under shear strain, the free energy density functional including the exerting shear force
term is constructed and also the phase field crystal model for system of shear stain is established. The climb and glide
of single dislocation in two-grain system are simulated, and the glide velocity of dislocation and the Peierls potential for
dislocation gliding are calculated. The results show that the energy curve changing with time are monotonically smooth
under a greater shear strain rate, which corresponds to dislocation movement at a constant speed, which is of rigorous
characteristic; while under less shear strain rate, the energy change curve of system presents a periodic wave feature and
the dislocation movement in the style of periodic “jerky” for gliding with the stick-slip characteristic. There is a critical
potential for dislocation starting movement. The Peierls potential wall for climbing movement is many times as high as

that for gliding movement. The results in these simulations are in a good agreement with the experimental ones.
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