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Abstract: The strength of particle-reinforced metal matrix composites is, in general, known to be increased by the geometrically
necessary dislocations punched around a particle that form during cooling after consolidation because of coefficient of thermal
expansion (CTE) mismatch between the particle and the matrix. An additional strength increase may also be observed, since another
type of geometrically necessary dislocation can be formed during extensive deformation as a result of the strain gradient plasticity due to
the elastic-plastic mismatch between the particle and the matrix. In this paper, the magnitudes of these two types of dislocations are
calculated based on the dislocation plasticity. The dislocations are then converted to the respective strengths and allocated hierarchically
to the matrix around the particle in the axisymmetric finite-element unit cell model. The proposed method is shown to be very effective
by performing finite-element strength analysis of SiC,/Al2124-T4 composites that included ductile failure in the matrix and particle-
matrix decohesion. The predicted results for different particle sizes and volume fractions show that the length scale effect of the particle
size obviously affects the strength and failure behavior of the particle-reinforced metal matrix composites.
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Table 1 Material properties of SiC and Al 2124-T4

Yield
Material E Poisson’s CTE st;fzss
ratio 0
(GPa) (1°C) (MPa)
SiC 427 0.17 43x10°
Al2124- P
Ta 75 0.33 2.32x10 358

~ * Due to strain gradient
only.

f s 7
Ao =,/(Aa,,) +(Agy,)

— « Due to strain gradient
and CTE mismatch.

Ao ={(Ac, ) +(Ac,,) +(Ac.;)

1
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Fe
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[
|
fe

Fig. 1 Finite element meshes of the axisymmetric spherical
model with assigned strength

17%°] SIC/AR124-T4 EEAE A} 88190
kS Table 1 ¥ 7t} Abaqus v. 6,99 &85}
Ny whel AR mdd gl dFvlE 7
°] Burgers vector 2] 7] 0.28 nm = A4t
Martin 5'?o] Z74g Al2124-T4 9] {5
AMHEPEo] 29k 0.01 ¢ = 7]7(40; d
Y FHOE o] ABE tia

= Uro] BEEY|(fitting)E SFUTH

o =982.65¢, +358 MPa (if &, <0.01) )

2
2 e ox

ol
S
° 2

.

oz b &

~

&
oﬁi JH

RUR=RND )
> I

J

—-10.58¢

o= 642.8(1-0.4687¢ """ )MPa (if £, >001) (9)
249N nmd FH4
ZIA Aol 7]go] A E AL
st A &S EAF Modified Gurson Model ™
2 YeRd 4 9t} Abaqus 6.9 oA A &gk A4
T;Lé‘:oﬂ %%(VOld)O] H -/1:%]: i@ﬂﬂ Mg %
Fo &5 212 g5 g

4, FFskel wA

(29 2, f cosh(-g, L)~ (1+4,/1) =0 (10

y y

o171 q=4/%S:S = fEgHol oy S=pl+o



+ Cauchy 52 ®lA19] HEF3-2(deviatoric stress)©]™

stress)©] t}.

JE

(hydrostatic

(-f)o,2,,=0:¢, (11)
1714z, e 71449 $a2dN8E 58,
T g, BRI 2dNEE £5E TR
T AAH Wste FEAoR J]Ed W
T AT QRE FF) AAE dod
o 71E ) A4S AgRE WA st
th& 3 ol EAIET

Jo=0=1)é, 1 12)

npolAz AA REE JA7
A AL Eeel oste] BT 5 )
Abaqus & AMZF T Aol A4 tﬂsﬂ%"ﬂ
oJate]  PJFS Wtk 7H4Eted(Chu and
Needleman”) th&7 o] F=9 Y Hr&
EAIE 5 Sk

j;lucl = Ag;p,m (13)

o714 A T o] wAH,

:Jd
m
o,
ke
>
et
r
%0
o

f=Ffo+ fra (15)

Biner' V= w4 H3A9] A5, f,= 004, 5, =

Traction 1

() -

5/ (5/) Separation
Effective separation at
complete failure

0/ <0
. é‘n (5\ ) .
Effective separation at
damage initiation

Fig. 2 Assumed traction-separation behavior of the
interface for the case of cohesive decohesion
showing both tension and shear

0.1, g,= 03 o2, Igla 7M&3E 35 439
AA AW E f.=0.152 B3t}

2.5 UXE Z|XIOHZE AA mE A4

AATES BAEE Suh TWo] 159 =
Al 1Sl kel o] Abaqus 6.9 oA AlEE = A9
B EGA-EE AE A4S o8-8k thFig. 2).
A gk AASS AREskeE Zlo] ofym,
BAC FAE do® JH8sta HE de 44
= o] &3t 7@;%— 7| Qk —Hr?/](surface-based decohesion)
=, A £ dojyr] A
o= A AAR 7}246}1, AZE L2o| 7143
Aok waFo s 724z 1), 1))
ol dojur] Al#teta,
o] & &(separation)”}
BAZE ks Eeldd
a 7HET 5080, o/ = A RAmH A
AeBFoz As dEo] dojuh= et b

gded “HJ -8 2] fl(effective separation)=-
B AR A= s =0=022 7FH A

o]

T

3. Zat 3 1nH
UApel 71 A A Apol o] AAH £

= & A3 dEHE V1A ste], e A=

g BEkAe] AAA HgY - WP E A
Fig. 3 o Helth $4#e] Z7]%= Martin 70|
ol A& Z A (@)°] 1.4 um 2 7HF ST
| A HE] o} ZHE Q] RAE] L= YA
of o1zl H3HAe 9 A7) E AAw] wU] &
Meb dAFT 2o B npel o], B



A9 27 A7) TF IS 83 SIC/ARIA-T4 EFA 9] ATH fatas Ry 191

800 ‘
700 |
600 |-
@ 500
g
» 400
S ° 1.4um,17 %, Exp
F 300 —1.4um, 17% ||
:'I ——2 pum, 15 %
20004 e 16 ym, 15 % 1
100 | 2 pm, 5% |
——16 um, 5%

0.02 0.04 0.06 0.08 0.1

True Strain

Fig. 3 Predicted true stress- true strain of SiC,/Al2124-
T4 for different particle sizes and volume
fractions in comparison with experimental data
(Martin et al.!"?)
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Fig. 5 Predicted true stress - true strain of SiC,/Al2124-
T4 with initiation of failure. The straight lines
extended from stress-strain curves indicate the
composite strain at which the matrix failure starts
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