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Effect of m isnatch of yieldng strength and residual stresses
along substrate nterface on interfacial crack propagation
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Abstract: The mechanisn of crack propagation at the interface betveen coating and substrate was analysed
under the condition of yielding strength and residual stressmisnatches along the interfface  The dimension of
plastic zone at the crack tipswas numerically calculated using the correlative theory of dislocation and crack
Calculation results shov that when the interfacial crack propagates fram lov strength zone © high strength
2one, the residual campressive stress and yielding strength of the high strength zone lead © the reductions of
the length of plastic zone and the opening diglacanent of crack tip. A sa reault the propagation of the crack at
the interface is retarded

Key words engineering mechanics interfacial crack; vyield strength; residual stress misnatch; coating/
wubstrate structure

[1]
[2]

[3-

. 2005-08-20.
(50471087).
(1963-), |, . : . Email: zgx20021@ sina cam



6] , )
[7] '
) ,
/ / , L
, ae d
(8]
/ 4
] ] ‘y
1 d |
/ 11 I o1 I
, r———— | k=== 1
| | < a » | |
, I I R |
= —— == >
| I g @ *
_____ J
< e >
1 /
3
1 , Fig 3 M odel of theoretical analysis
) , 21
/ 2 191
’ ! ’ [- €
e]

-d -a a
o [ o, [ LS, pitda,

t- x

d e

(-e<x<e (1)
Sf() x ;B1 B,
Burgers
P P(x) R(x)
(1),
(E(Ddt _
2 J: =P +R(0 (2)
Fig 2 Surfaceand nterfacial crack morphology “F (1) ,
, . :{Blf(t) | t] < d 3
B,f(t) d<|t]<e
,P(x) X
b ) , P (x) Il
3 I

D © 1994-2008 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



. 296 ( ) 36
, : 280 . b o . 2
o d Eonl b KRR LS e
X| < e - a
R(x) :{ I X (4) 2
Or d <| x| <e (d + a) cosh'™* e+dal] (8)
0 R e(d + a)
(2) | , Burgers
g, -0 y ,
_| 9w -0y
F(X) _{ 'l'[2 J 8 I (O
[ 4t € - dx 1| _€ + dx Oy Gdzﬂuwx
(0:0] - COEh + 2 X TT ]'[2
L e(d - x) e(d+x)H ™
2
r 2 2 1) |: -1|_€ - da
1{_€& - ax 1|_€ + ax Or (e- a)cosh
- - X
| cosh e(a- x) cosh e(x +a)ll m? e(d - a)
2
r 2 2 -1 _e + da
1f_€& - dx 1| _€ + dx (d + a) cosh —l]+
- cosh e(d- x)| cosh e(d +x)H " e(d + a)
T -0 _T[ 1d 86)-1(1'V) —e_4)-R(1-V))(
T[—LZ 7 XZ—_Z - sin —J + TE a mTE
2
. - da
[(d- a) cosh | =—9&
—Dux x[ sint -2 +[T— -J sml—J + e(d - a)
n? Jé - X e " 1| _&€ +da
) (d + a) cosh ' | ——= (9)
Dex 1 1 d 5 e(d + a)
2 ez_xz_z-sm (5)
0,0, T 0474
22 3
\ (5)
4 ,
[10]
. .1._d . .1_a M
O, -Gyl)sml—e +0y1$|nl_e - | |
onsind 4 (-0, +00) L =0 (6) M =00 (10)
€ 31
a d, (6)
& hoh =€-2a O, =748 MPa0, =1186 MPaT =200
’ b/4 MPa a=0 15mm d=0Q 25 mm, 4
23
(x=a) : ,
édzu\l:bJ'FXdX (7) I
A
‘N b Burgers ' ’
32
(5) (7)
plo, -0
04 = A[_VZT[—ZL X , O g
[(d-a)cosh'l ¢ da = - 100 M Pa, M
e(d - a) ( S ) :
(d+a)cosh'l MH " I ! '
e(d + a) 1]




3 , 297-
450+ 1220 (3)
400 1200 g.
residual stress vs =
E 3501 opening displacement 180 %
=300} 1160 &
2 G
3250 F 1140 5
g y
g 200f 1120 £
2 g
2 150 . ] 100 ©
= residual stress vs ~— g [1] Suresh S[ ],Morteneen A[ .
100} plastic zone length | 80 ¢
p g \. § _ M ].
50 60 O
: ,2000: 1-6
0 " 1 " 1 " 1 " 1 1 " 40 . ) . .
0 -100 -200 -300 —400 -500 —600 [ 2] Yuan Huang, Chen Jian Copmuational analysis of thin

Fig 4 Relationship between residual stressvs

220
200
180
160
140
120

Plastic zone length/ um

100
80
60

Fig 5

Residual stress/ MPa

crack tip plastic zone length and

open ng digplacenent

L — .
- displacement
\. ~— isplacement

\

yielding stress mismatch
coefficient vs opening

<

N\

yielding stress mismatch
coefficient vs plastic
zone length

1.0

Relationship between yielding strength m isnatch
coefficient vs crack tip plastic zone length and

1.2

1.4 1.6 1.8

Yielding strength mismatch coefficient

open ng digplacenent

(1)

(2)

Crack tip opening displacement/ um

coating layer failure using a cohesive model and gradi-
ent plasticity [ J]. Engineering Fracture M echanics,
2003, 70: 1929-1942
[ 3] Rameo Albero, Ballarini Robern A cohesive zone
model for cracks teminating at a bimaterial interface
[J]. J Solids Structures, 1997, 34 (11) : 1307-1326
[ 41 WapplingD, GunnarsJ, Stahle P Crack growth across a
strength misnatched biomaterial interface[ J]. Intermar
tional Journal of Fracture, 1998, 89: 223-243
[ 5] ChandraN,LiH, Shet C, Ghoenan H. Some issues in
the gpplication of cohesive zone models for metal-ce-
ranic interface[ J]. Intemnational Journal of Solids and
Structure, 2002, 39: 2827-2855
[ 6] TergarrdV. Effect of plasticity on cleavage crack growth
resisitance at an interface[ J]. Journal of theM echanics
and Plysicsof Solids, 1999, 47: 1095-1112
[7] , , , , :
[J]- , 2003, 24(
): 6-1Q
Chen Guangnan, Luo Geng-xing, Zhang Kun, Xu
Xiang-yang, Shen Huan A new method for improving
srvice life of chromeplated gun barrels by laser
strengthing[ J]. ActaA mamentaria, 2003, 24 (sup) : 6-
10
[8] , : , . Matlab  Cr
[J]. , 2005, 30 (
) : 161-163
Hu Ying, Zhang Kun, Chen Guang-nan ,W u Chen-wu
M atlab used in analyzing the microcracks of Cr coating
[J]. Heat TreamentM etals, 2005, 30 (sup) : 161-163
[ 9] Lardner R W. M athematical theory of dislocation and
fracture[M ]. Canada University of Toronto Press,
1974: 150-176
[10] Kim Yun-Jae, Schwalbe Karl-Heinz M isnatch effect on
plastic yield loads in idealized weldnent Il heat af-
fected zone cracks[J]. Engineering Fracture M echan-
ics, 2001, 68(2): 183-199



