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Study on the Effect of Different Crystal Orientations
on Crack Initiation and Propagation at Nano Scale
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Abstract:[Objective] To understand the growth characteristics and expansion laws of cracks
can help to reveal the mechanism of nano scale crack propagation and its effect on material
fracture. [Methods)The crystal phase field (PFC) method is used to study the crack propaga-
tion evolution diagram, the corresponding stress distribution diagram and the stress curve di-
agram of different initial crystal tilt angles under uniaxial tension in the y direction. [Results])
When the tensile strain reaches a critical value, the cracking mode of the sample without pre-
strain is different, The crack of the sample with a 5° and 20° crystal tilt angle directly cracks
and is accompanied by dislocations. The crack of the sample with a 10° and 15° crystal tilt
angle first emits dislocations, and the crack is ready to crack. After crack formation, the
cracks of the sample with 5° and 20° crystal tilt angles mainly expand in the brittle fracture
mode. The samples with 10° and 15° crystal orientation were typical ductile fracture mode.
[ Conclusion)] Different crystal orientation angles

have an important influence on crack initiation
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Fig. 1

single mode approximation

OFARHE M AR T TE R0 IR 24 10 19 52 380 A6 AR A 2 5 (b))
U & A g 0 BOAE Yy D 1) it AR

(a) Initial sample: Experimental coordinate system of
rectangular initial crack; (b) Strain applied in the y direction
of the sample with an initial crystal tilt angle of 4
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Fig. 2 Experimental coordinate system and y direction
strain application
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Table 1 Parameters of crack samples of 4 groups with differ-

ent initial crystal orientation angles
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curve with initial crystal orientation inclination of 5° and 20°;
(c) Stress-time curve with initial crystal orientation inclina-
tion of 10° and 15°

&3 A b Rg- A i) il 2 5 0 -k fa] i £

Fig. 3 Free energy-time curve and stress-time curve



YT R T ) 6 B X 0 R 9 5

301

FERRAE 500 000 5 y J7 ) (i i B4R T T . %
B T ORI AR IR R AR AT R . TR AR B B R
A.B.C.D It 3Z 4 i; I3 B T Ltk 4 K (& 3b~c
1 &84y, PLis A & R B AR T AT R s /3
whTL 38 43 Rz 4k Bl B ) Y Bl R BRI TORE
SRS IEAT N, Hoh a3, b3, c3.d3 43 N I R
A.B.C.D 2 g i ilm 5w Z1: 360 000 .
380 00025 .330 000 5,360 000 &, XJ Ji7 4 17 725 {1 43
BA e, =10.8%.11.4%.9.9%.10. 8% . 4} [H]
¥t =500 000 B}, BP R AR & e, =15% , ML) e
PRI EA TN (E 4, P E 4a.b.c.d 5 3%
MR AVB.C.D 7 t =500 000 B 240 e i
R B 4a FIE 4d RERBUMFES AD 280
We ey AT R & 4b FIE de 32 B R B FE S 1 B,
C L ey AT . LA 45 132 3h (h 7
K PE TR RIT R,

OO OO OO 0 OO0 0000000000000 000000000
W ERUNMANO—=IDWEUNAIR—=IVWREUNAIR—IDWRE LN

ZE Sy 1 =500 000 & i i 2Ea Y R IE AR, A7 18 S X )i
B 1S 3 43 A1

The left picture shows the crack propagation morpholo-
gy att =500 000 steps,and the right picture shows the cor-
responding stress distribution

B4 FES ABLCC.D RS JRIE S

Fig. 4 Crack propagation morphology of samples A,B,C,D
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