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Fig.1 Cohesive zone model describing interface cracking

m y ,
20, gP
np o O
L o Taylor
b Burgers
Ivo;i&'ij dv :J’Vfé uidv +J-sf6 u;ds (2)
fi V By S
(2) (1)
2
2.1
( )
, 2 .
2(b) =
[21 .
a v a
. MJ L Pk 3
1U3\,V3
R= _k MP_’ H:B
At fp L k
L o
Vo . K
2(b) 3 vl

2.2

Ole—a—] ’
-~ R

b)

2
Fig.2 Cél model smplification for cyclic
particle distribution

1 1!
(
) :
15 %
0o =0y, 0:=0.033L, 0.=2L
50 % :
Oo =%y, 0:=0.00625L, 0.=0.2L
2.3
;VP 1EP
E Ssch
a _ Oy’ E
(0] - n
Oy
n Ov
, E . (D)
2.4

(4)

()

(6)



1 (2) 1
z ( ;
) : :
(21 .
u =0, T =0, z=0 :
u, = const, T, =0, z=H ) , ,
H
ur = const, Tz=0;[.0TrdZ—0, r=R '
u =0, T: =0, r=20 81 Eloy=365,,=033,,=007 .-
71 E,/E=5.6 -7 -
(7) 4 AP
6 ST
3 , 51 /,;/ e
3(a) , S 4l f=s0% T /
o ,/
3(b) | ° 3] A Vv, /L=2,5,10
1
0 F————————1 —
0.00 0.01 0.02 0.03 0.04 0.05
€
4
Fig.4 Hfect of particle volume fraction on the overall
stress strain relations of composite
_ 5 ,
(a) 47 PRI & 1 R %
(a) overall mesh ’
6 -
j E/gy=365,y=0.33,,=0.17 3
5] E»/E=5.6 V}°/L=2,n=0.136 _-~
44 el
OF T EELTOET PP g 5l
(b) local mesh near interface(including cohesive element) N + T
24 LT
/, ............... --—k=1
/ - — k=0.5
3 14« . £=0.1
Fig.3 Finite eement mesh 04—, ]
0.00  0.01 0.02 0.3 0.04  0.05
€
3 5
Fig.5 Hfect of particle aspect ratio on the overal
3.1 stress strain relations of composite

6 15 %,

2% © 1994-2009 China Academic Journal Electronic Publishing House. All rightsreserved.  http://www.cnki.net



4 - 2008 29
k=1, n=0.1, (Vo) V3L =2, ,
9
2.5 Vs 8
n=0.1,k=1,V, /L=2,f,=15% 7
2.0 = ‘, 6
. s 5
\é. 1.5 A S 4
¢ 3
1.0
...... 2
0.5 1y
0 T v L L L T
54 0.000 0.015 0.030 0.045
. T T T T T T T 1 €
0.00 0.01 0.02 0.03 0.04 0.05
€
8 50 %
6 ( ;

Fig.6 Hfect of particle elastic modulus on the o-
verall stress strain relations of composite
3.2 /
) n=
0.136, EOv =365y =0.33v,=0.17, E,/ E=5.6.
(1)

7 8
15% 50%
3
R
0.0+ T T T T T 1
0.000 0.015 0.030 0.045
€
7 15% (
)
FHg.7 Overdl stress strain curves for particle volume

fraction 15 % (solid lines stand for the interface
cracking case; dot lines stand for no interface

cracking case)

)

Fig.8 Overdl stress strain curvesfor particle volume

(2

a./MPa

fraction 50 %(solid lines stand for the interface
cracking case; dot lines stand for no interface

cracking case)

Al/ SCp
9, 10
7 8 ) Lloyd™
Yang ,
500

fp=15%,L=4.17 ym

400

300

d=16 pm,Lloyd

200
d=16 ym,FEM
4 4=7.5 ym,Lloyd
004 d=17.5 ymmFEM
0+ T M T T T T T —
0.00 0.01 0.02 0.03 0.04 0.05
€
9 Lloyd™

Fg.9 Comparison of predictions to experimental

results from Lloyd



0./ MPa

Fig

700

- fp=50%,L=6.98 um

500
400
300 4 d=13 ym,Yang
200 --- d=13 pym,FEM
v d=165 ym, Yang
100 d=165 ym,FEM
o +———F "
0.00 0.01 0.02 0.03 0.04
€
10 Yang ©
.10 Comparison of predictions to experimental

resultsfrom Yang et al'®!

[1]

(2]

(3]

(4]

[5]

(6]

(7]

(8]

[9]

Nan C W, Clarke D R. The influence of particle sze
and particlefracture on the elastic/ plastic deformation
of metal matrix composites[J]. Acta Materidia,
1996 , 44:3801-3811.

We Y G. Particulate sze efectsin the particle-rein-
forced metal-matrix composites[J]. Acta Mechanica
Snica, 2001, 17:4558.

YangJ, Cady C, HUM S, et ad. Hfects of damage
on theflow strength and ductility of a ductile Al-alloy
reinforced with SC particulates[J]. Acta Metalurgi-
ca et Materialia, 1990, 38:2613-1318.

Da L H,LingZ,Ba YL.A strain gradient-strength-
ening law for particle reinforced metal matrix compos
ites[J]. Scripta Materiaia 1999 ,41:245-251.

Xue Z, Huang Y, Li M. Particle sze effect in metal-
lic materials: a study by the theory of mechanismr
based strain gradient plasticity[J]. Acta Materialia,
2002, 50:149-160.

Bao G, HutchinsonJ W, McMeeking R M. Particle
reinforcement of ductile matrices against plastic flow
and creep[J]. Acta Metallurgica et Materialia, 1991,
39(8) :1871-1882.

Liu X N, Hu G K. A continuum micromechanical
theory of overal plasticity for particulate composites
including particle size efect[J] , International Journal
of Plasticity, 2005, 21: 777-799.

Huang Y, Qu S, Hwang K C, et a. A conventiona
theory of mechanism-based strain gradient plasticity
[J]. International Journal of Pasticity, 2004, 20:
753-782.

Lloyd D J. Particlereinforced aluminum and magne-
sum matrix composites[J]. International Materias
Reviews, 1994, 39:1-23.



2008 29

INTERFACE CRACKING AND PARTICULATE SIZE EFFECT IN
PARTICL E REINFORCED METAL-MATRIX COMPOSITES

Haiou Xie Hansong Ma Yueguang Wei
(LNM, Instituteof Mechanics, Chinese Academy of Sciences, Beijing, 100080)

Abgract In the present study , interface cracking effect and particulate sze effect of the particlerein-
forced metal- matrix composite are modeled adopting the finite element method which is based on the con-
ventional theory of mechanism-based strain gradient plasticity (CMSG) theory presented by Huang et al.
Two interface cases of the particle and substrate are considered , respectively , which are corresponding to
cracking interface and intact interface. The comparison of modeling results considering the interface crack-
ing with experimental measurementsis performed for testifying the present model. Through comparison,
the length scale parametersincluded in the strain gradient plasticity theory are determined.

Key words sze effect, strain gradient plasticity theory, particlereinforced composte, interface
cracking



