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Slip—>7" 9 l

(a) Smith mechanism (b) Stroh mechanism (¢) Disclination mechanism
0, means normal strain,o, means strain along slipping.,a is the angle,w means denote the disclination strength,and T denotes
dislocation in the figure, P is the length of disclination,/ is the length of crack.and B is Burgers vector of dislocation.
B2 JLFh R B AL R R 1)

Fig. 2 Nucleation models of several nanocracks"?"**1*]

T\/‘ Y,
L’x
¢ means strain.7 indicates strain, green arrow indicates
the directional of stress. /
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Fig. 3 Crack initiation of double dislocations - - -
(a) Force analysis (b) Disclination structure

(disclination-dislocation mechanism) ™
o : strain, ¢ : strain; L, and L, denote crack,t, and t, de-

note dislocation,w denote the disclination strength. a, s b; »c; »
d, ,d, denote the the vertex position of a triangle. m; ,m,,q; »
q, are the positions of vacancy atoms,and p is the positions of
atom.
Bl 5 AU R R
Fig. 5 Crack initiation and extension of double disloca-

tions-%

L, and L, denote crack,m; ,m,,p.q; and q, letters repre-

sent the position of atoms in the right figure.
4 R A 28 XSl Y 5 R R Ca) A AR I R 571
g 1 1) AR (B

Fig. 4 Zener-type crack extension morphology (a) and
the atomic arrangement of the disclination dipole (b)™%

al to a8 represent the lattice torsion angle caused by the Zener crack propagation [[(a)(b):z =7 500 ts,(c)(d):z =10 000 ts].
B 6 Zener L0 — M JFFHEF 41 3 A ALY

Fig. 6 Torsional changes of the arrangement of atoms on both sides of the crack™"
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(c) Burgers vector loop of crack tip dislocations
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(d) Step structure of crack tip
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Fig.7 Crack extension and crack tip emitting dislocations
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The figure in left side is the crack extension case,and the figure in right side is strain field distribution at the critical case of

dislocation emission.
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Fig. 8 Crack and corresponding strain field distribution
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I ,.0,1.INV denote different stages of the crack exten-
sion in figure;letters denote the positions of strain of different

stages of the curve.

K9 2By e 5 & LA ROk 5 R -1 AR il 42
Fig. 9 Systematic stress-strain curves for crack exten-

sion and emission dislocations
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(b) Crack branch

The red T denotes dislocations, yellow circle indicates the
formation of nanoholes and A,B,C denote the position of the
feature crack in the figure.

10 A [ L jin 4 80 JRe e
Fig. 10 Crack extension characteristics for different ori-

entations-""!
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L.,V denote different stages of the crack extension.

B 11

Stress-strain curves (a) and strain rate of change curves (b) of the system during crack extension

Fig. 11

2.4 RGYEHX

A - A 4 B2 FRE L B 2 S5 EL B R 1 ] A A
BB e A e L AR S0 1 Y b ) e e T B
BY R M B KA Ay SURIEE BE PR
gt AR K sh F7 e B A AR e T R L | v R
I3 1 R O R F S BE R 4175 . B 12(a) — (h) S fifi
H PFC 5 2% it i XU % o7 4% 7= Az i 24 804 ST Ak
RN < B 1 e £ I I I L R v gl <
SRR AR ALY R 5 B A AR BN, BT R
WA AT AR KR4 X, Yy Bl ) R A B
INE] A W S E B, 2 80TF R 4 S 2E [
12(D ], FiZE v 5005 1 MR AE e, AO3E K, HETF IR

A TR AE B0 TR e o 0 7 -0 78 £ Ca) A 78 728 A 5 i 2% (b)

[40]

H B S A P B A A R LR 12 () P
MLETREE — L B =g XLE 12(h ], e
PR 0 BEAS 2o TR O i S e DR 2 AL AR B 4 43 SUA
MEF I E, W RS X EERERE.
Deng %% 45 T 4 8010 3 B 4R 395 R AE 5 53 A0 L 4R
o X R AR TR LR AR AT AE PFC 7 ik B4l iy 24 80
g E Y 13 fFR . PRC 5 BB T 2801
T 4 SU, AR Y S a0 S T R IR X
FROEM, 7 XM . BT RS
K& R 7S AT HR DRI S A0 43 S 3 R U R T (A A
W) gy g AT, H R BRI A KA R
60° 1 120° 5 Ff i it 4

zone Ain (a)

() &,=10%, &,=7 5%

(2)£=10%, £,~8% (h) £,=10%, £,=10%

I, 0,1l denote the stages of the crack branching.
Bl 12 PFC J7 It s o 28 7 A (1 248043 LA (¢ = 5 X107 )1
Fig. 12 Crack bifurcation generated by PFC method with applied biaxial strain (z =5x10° ts)™*
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(b) Late sta; of bifurcation
G means a specific bifurcation.
K13 a2 gy LR
Fig. 13 Crack multilevel bifurcation simulation
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(a) Emission of hollow dislocations

(b) Dislocation lock at crack tip

(c) Crack tip slip dislocation structure
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(d)"Zig-Zag" crack

(e) Emission of bifurcation dislocations

DFZ denotes the dislocation free zone,and PDZ denotes the plastic deformation zone.
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Fig. 14 Ductile-brittle classification of crack extension
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Fig. 15 Void crack healing process and corresponding strain field distribution
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Application Progress of Phase Field Crystal Method in Study of
Nano-Crack Propagation and Ductile-Brittle Fracture

GAO Yingjun'" " ,YI Xiao'ai' , LI Yixuan',LIAO Kun', HUANG Zongji' , LUO Zhirong®
(1. School of Physical Science and Technology, Guangxi University, Nanning, Guangxi, 530004 , China; 2. School of Physics and

Telecommunication Engineering, Yulin Normal University, Yulin, Guangxi,537000,China)

Abstract:In the 21st century, the role of computer numerical simulation technology in scientific research is
becoming more and more prominent. It is known as the three major scientific research methods since the 20th
century,together with experimental observation and theoretical model analysis. This article first briefly intro-
duces the current situation of crack research and the scale limitations of macroscopic fracture mechanics,and
explains the characteristic scale range and characteristics of the Phase Field Crystal (PFC) simulation method
developed in recent years at the atomic level spatial resolution scale,as well as the advantages of the PFC
model in simulating the microstructure evolution of materials at the nano-scale. Then, the main application
results of PFC model in crack research are introduced,including the following five aspects:nano-Zener-crack
nucleation and growth of cracks,emission of nano-wedge gap with dislocations from crack tip,effects of crys-
tal column orientation on the ductile-brittle fracture of the crack extension, the classification of nano-hole-
crack healing,nano-crack propagation mode. Finally,the development direction of PFC model and its new ap-
plication fields and key directions in the field of crack research are summarized and pointed out.

Key words: nano-crack;extension and branch;ductile-brittle fracture;dislocation emission;phase field crystal;

modeling and simulation
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