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Fig.1 Atomic arrangement of face-centered cubic structure (a);
atomic distribution and crystallographic map of (111) plane (b);
edge dislocation type (c) and corresponding Burgers vector type in
Fig.1c(d)
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Fig.2 Two-dimensional phase diagram of PFC model (a), atomic density distribution of twin PFC with cracks (b), and tensile strain system along

y-axis (c)
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Table 1 PFC simulation parameters

Calculation area grid Initial rectangular crack size

Spatial step Time step Strain rate
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Fig.3 Propagation conditions of five cracks in a double crystal system: (a) without propagation of prefabricated crack; (b) vacancy migration on

one side of prefabricated crack; (c) crack propagation on one side of prefabricated crack; (d) vacancy migration on one side and crack

propagation on the other side of prefabricated crack; (e) crack propagation on both sides of prefabricated crack
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Fig.4 Crack propagation rate plots (a, c, ¢) and crack volume fraction plots (b, d, f) at different orientation angles and strain levels
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Fig.5 Crack propagation rate and crack volume fraction curves (a) and free energy variation curve (b) under different strains at 6,=2° and

0,=24°
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Fig.6 Crack morphology diagram (a), strain analysis diagram of the left part at 6,=2° (b), and strain analysis diagram of the right part at 6,=24° (c)

with strain of 7.2%
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Fig.10 Crack propagation rate and crack volume fraction curves (a) and free energy variation carve (b) under different strains at §,=2° and 0,=18°
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Fig.11 Crack morphology diagram (a), strain analysis diagram of the left part at §,=2° (b), strain analysis diagram of the right part at ,=18° (c)

with time step of 20 000



H5H KIS SRR R SR ) 5 R A R O &R 1275
3.6 18 41.4 3.6 18 41.4

_e +: Crack pmpag‘blion rate ] _00748 : : : b
_g" 3x1077F jy.—Crack vn]umT trajnin 7777777 : ~ os g : : :

g 4 £ -0.0752[/! \ :

é _ ] a | 1 |

= 2x10 = : : .

S 0.13 2 = -0.0756f | |

5 E o . . :

g 1x107 ‘ S 8 : : :

e ! 012 % = -0.0760} ' ! !

A~ : g I I 1

e oV __ . S 4 S : i l

S : : L jon 00764 1,

0 10 20 30 40 50 0 10 20 30 40 50

Strain, &/%

Strain, &/%

12 0,=2°,0,=16°I§ A [F] RiAZ i N R0y I A SRR/ S 240 1 e e AR Ak i 22

Fig.12 Crack propagation rate and crack volume fraction curves (a) and free energy variation curve (b) under different strains at 6,=2° and 6,=16°
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Fig.13 Crack morphology diagram (a), strain analysis diagram of the left part §,=2° (b), and strain analysis diagram of the right part at 6,=16° (c)

with strain of 3.6%
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Fig.14 Crack morphology diagram (a), strain analysis diagram of the left part at §,=2° (b), and strain analysis diagram of the right part at

0,=16° (c) with strain of 18%
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Fig.16 EBSD characterization of copper sample formed by discharge plasma sintering stretched to strain of 25%: (a) BC+GB+KAM diagram and
(b) BC+IPF+GB diagram
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Relationship Between Grain Orientation and Crack Propagation
Revealed by Phase-Field Crystal Simulation

Zhang Yunfan', Li Huanging', Song Zhuo', Li Ning', Zhao Yuhong"**
(1. MOE Jointly Collaborative Innovation Center for High-Performance Al/Mg Based Materials, Shanxi Key Laboratory of Intelligent Casting and
Advanced Forming for New Materials, School of Materials Science and Engineering, North University of China, Taiyuan 030051, China)
(2. Beijing Advanced Innovation Center for Materials Genome Engineering, University of Science and Technology
Beijing, Beijing 100083, China)
(3. Liaoning Academy of Materials, Institute of Materials Intelligent Technology, Shenyang 110004, China)

Abstract: The influence of different orientation angles on the microcrack propagation mechanism in nano twin crystal system under dynamic
tensile conditions was investigated using the phase-field crystal method. The results show that under the same tensile conditions, the crack
propagation mode, crack volume fraction, and crack propagation rate are related to the grain orientation. The difference in the crack propagation
mechanism of the same orientation depends on the dislocation activity near the crack tip. A single dislocation located at the crack tip can easily
lead to brittle expansion of the crack and accelerate the crack propagation rate. Dislocations in different directions at the crack tip may tangle
together, which in turn hinders the crack propagation.
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