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Anti—plane Problem of Interaction between

Dislocation and Nanoscale Crack
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(College of Mechanical and Vehicle Engineering, Hunan University , Changsha 410082, China )

Abstract:A new method was presented to exactly solve the anti—plane problem of the interaction between a dis—
location and nanoscale crack.Firstly,the problem of straight line crack was turned into an orifice plate problem by
using conformal mapping method of the complex function. Secondly,the exact solutions of this problem were ob-
tained by Cauchy integral theorem.Then, the stress field and image force with and without surface effect were formu—
lated.The numerical results show that the stress field near crack tip and image force are decreased due to the surface
effect when crack size is reduced to the nanometer level. However the influence of the surface effect can be gradually
weakened with the increase of the crack length, and the solutions considering the surface effect approach to the clas—
sical elastic theory solutions without the surface effect.
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Fig.1 Linear nanoscale crack with surface effect
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Fig.2 The { plane after transforming
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Fig.3 Dimensionless stress field containing surface effect

at the crack tip 7,.,ju versus S, for 7=0.1p
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Fig.4 Dimensionless stress field 7. /u versus x/a for 7 = 0.1

32 fifEAh
TEX —H0 50, 434 2% TH SN X7 5 71 1 5%
M, AR TG R A s A b i T g5 s Ak 37 B U 1 T 7
Xﬂ‘ y ﬂ%@{j%{ﬁﬂ: X %L'ﬁ xo(zo = ;0 =Xy > a)ﬂ‘ s
A (24) I8 (25) AT AL A -
(1)

. ub 72;75‘.(!“27) & 28, T
Sa-ify= —Ee J Y(s)e ds—

s,
| | (26)

e
VW= (1 | ot - @ -
reeal el L e (28)

PS5 i AN SCORSCRR[S TAY 75 2 T35 0z 14 0
NS ST fumaub.? BESRE LA SR X AL xola 7
A B BRI R 18 iz BRI R, PRl il 2 9 28 Tk 3

0.0

-0.8+

——S, = 1, AR

—o—S, =1, 3CRR[SF &l 4 14k
-1.2r —a—S, = 0.001, 45304

-14 —v—8.=0.001, SCHK[5]H & 4 125t

-1.0F

Samal(ub?)

l.61.1 1.‘2 1I.3 ll.4 1I.5 ll.6 l.l7 1.I8 1.I9 2.0
x0la
A5 AR\ TERELEH fimaub?
[ SR AL AR AR AL B wo/a #9 AL
Fig.5 Dimensionless image force f,majub.? with surface effect

versus the relative position of screw dislocation xy/a



84 PN === QSRR 1Y)

2018 4F

— B, R AR, X R SRS R i 45
SR RN, T AR SC ) 285 SR R RS i e IR B B
N RN B0t B B RN, BV o fa AR/, 2L
— ELR T A i 4 0 Ry B A R . > 42
TUCEAE AR XSV BEANAERST S, /)N, RIZEECK B o il
K, RN 1) 5 W BE 1 #R5S , JC i 0 485 T fumal
b 2 PSR E .

Kl 6 R Toe NS T frmalub * BETR RIS FE AT
I E wola B AR EE M2 1], JF v 22 MU il 26 %)
I AN BB TR AN R W) 1) R 2. i T, R
TR THIRICNE R S e B i 7 5 N 24 80 9 L 15 1Y)
/N, B o /a (R8N, TC 3R THIRLONE 52 W0 19 05 585 1 4
1 H 48 S HEER G A, 80— B 5 v 5 2 R
TR 24N A T RS2 58 Ty famalub 2 R 75 AL 3 5 To 3
T RSN A A AR A B 34—, 1HL fymadub 2 (265
S /N TG 2 T R A P s A 46 L, s 2 PR kg 2 1
BN AEAE , (24802 B 1 0 1 37 B B AR /)N
A E W% R R RN, 8R4 T —MEH
FEOiAS FREAMIER O, HAHER BN TS 7,
PE5E F7 007 AR AN AR AN, YA B AR A B xola
eI, B S, MU NV RS o B, 7= A 1)
HMETR F132 808N, R TIN5 0 R 1 3% WS
B S TH RN BB T fmalub > Y 2 R 8K
VLT ICR ROV AE I 4 xHE, HAE S, = 0.001
B, P 2 ROV A B 0 830 o 55 1 e i 1

R
0.0

ook -

-04F //

061 / —— 2R

: —o—

a / S.=1
§ -0.8 }/ !/ .5 _05
T Lo ——5,=0.1
= _12L —+—S§.=0.001

“14

¥

'61.1 1‘.2 1I.3 1I.4 1I.5 1I.6 1I.7 118 1I.9 2.0
xola
B 6 REWIikk N fmalub.? BEERA 54d
ABXALE xofa 89 TAL
Fig.6 Dimensionless image force fmajub.? versus

the relative position of screw dislocation x,/a
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