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Finite element analysis for effects of stochastic properties of

particles on ratcheting of SiCp/6061Al composites
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(1. School of Mechanics and Engineering, Southwest Jiaotong University, Chengdu 610031, China;
2. National Key Laboratory of Science and Technology on Reactor System Design Technology,
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Abstract; Based on the mesoscopic finite element model of particle reinforced composites, the effects of stochastic
properties of SiC particles on the ratcheting behavior of SiCp/6061Al composites were numerically analyzed by
employing a 3D multi-particulate unit cell and using an advanced cyclic plastic constitutive model. In the simulation,
a 3D multi-particle unit cell containing the stochastic particle properties was first generated by the random sequential
adsorption (RSA) method, and then the effects of the number of particles, the particle arrangement, shape, size
and their stochastic distributions on the ratcheting of the composites were discussed by the numerical simulations.
The results show that the smaller the particulate size and the higher the proportion of the particles distributing near
the surface of matrix as well as the more the number of particulates contained in the unit cell, the higher the
resistance to the ratcheting deformation. Meanwhile, the modeled composite with uniform distribution of particle
size and location presents higher resistance to the ratcheting deformation than that with random distribution. The
assumptions of spherical particle and its uniform distributions in size and location in the 3D unit cell can provide a
reasonable simulation to the ratcheting of the particle reinforced metal matrix composites.
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(b) Finite element mesh
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Fig. 1 Finite element model of composite containing 30

uniform distributed spherical particles
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(a) Normal distribution, spherical particles

(b) Uniform distribution, mixed particles (c) Uniform distribution, spherical particles with different

sizes also satisfying uniform distribution
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Fig. 2 Finite element model of composite containing 30 particles with different shapes
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VRS 7 3 T RUA s R RS Y 8 R R
HHAAAB AL BT EA —E 2R, i
PR IO A AT T A AR . JOR B AL 57 452 L )
FE AR (R e TR HES A 45 5 . BEALBE Y rp iy 0k,
RIEBIP RIEAESAR N EL . AR S AR S, T AL
D) HE B e 7 A A5 R T ) SURE L T 38 23 A A8 kR 3R
T, A Y SR A O A — A SE R URE . R
9t 0 A 7 2 T U8 B A 7 S AR 3% T A R
Z . R DL AR BN, G M ORHR BT E 1
5

B 3(b) &5 T R /INAH Ta] A UKL A A 25 35 2 2 o
3 A1 75 2K O i TE 25 73 A1 R332 43 A1) T REe 17 0 i
BEAUAE R . nl L, ¥5) 50 Aii (9 R LIRS AR T 1Y i
L TIES AT MR, R IE 2 43 A i A Y 5 1
IO AT OB RIAR LE . UKL B AR . KL AR

M SR AE S T IR G o BRI R 0 Y A
52 3] 1A JORL G SR AR 0« B ™ AR SR A A TE A 706 BR
S, AR B R AT o T L,
L2 (1) 57 B3 A1 A 2 o X R A f 96 5 A B
o XULH. O T REA T I GR B TR RE A4 10 2 A A
KE e 0T RS S AR R AT LA A X
VA 73 PR JORE A 1 R VR T 19 L Bl i 25
BHEGTL TE 58 T B3R A9 B S )
2.2 B BRI

P 4 D ORI /IR ) OB R H AR 1A
8>\ 12 4>, 20 ANFI 30 AN I B LAY 52 45 4R B AS
F1 0 3% 5 BiAT FROTASE 2L ity JORE RS | B0RE Y 1A AR
OPHC BRI RRES B R 207 X 29 HT5 X
FAFAARTE . B DLAE SR AT L L R 1V A i ORE
WO B E Inmvk/) s 9 HBE 2 O R U B . i



BRI, 45 BURLYE A B BEHLIEXT SiCp/606 LAL B4 4 R BRAE 17 2 B Wi B9 A FROT 40 7 .+ 131 -

0.4
.
.
o o
] o 4
[ ] n] A A A
c, Loeoppoz B AT
X 03 . 2 4 v o ©
- g & ¢ o ©
w ° o
.g v o °
s o
@ 0.2
on
g
3 ® | sphere
S o 8spheres
£ 0.1 A 12 spheres
v 20 spheres
0 30 spheres
0.0 1 1 1 1
0 2 4 6 8 10

Number of cycles N

4 ARIBRECH 0 SiCp/6061A1 & 4 bR S 1T R
Fig.4 Ratcheting of the SiCp/6061Al composite
with different numbers of particles

KL H XS RS AT o B R e R R 3 DR A UKL %
FUBZ . 0K ] ) 52 1A T 80CR B RE 75 21 78 70 14
B, JBURE ) 1 95 4 s L HRPT B B BE ) M
H1 T 30 A BORL Y AR BE 5 58 7 MUK B R & 4R R
AR WO ROUL S A8 5 A+ A2 )5 22 0 M vh 23 R AL 30
AN UKL A7 BR T AR
2.3 BARRKER G

C A MR, SRy SiCe/6061A1 442
G RRL R SIC ORI TE IR IF AN 2 B — B BRI, T
R MZ PR AR . P, A 2 ZF i A W] BORL
TEARRS S G AT 22 A7 B RE MR R ) 2 X RS AT
H RS

K5 S fl & 30 AN BRI IR /9 52 5 44 RHAY
BRI AL 2 AU AT B A R AT I A
BRBURL 4 B0l 37 A 7 g e R A /0 5 I AT BR R R
e LR R R s LU R BROE 0K L [R] RE A AR
CEP L2 2D Sy 7 PR 0RE . O BT J5 R JSURE B 841G
THERBUREAR . 3 Ul B WURL A9 1 AR B0, I
11 S B ST B SRy ¥ R AR TR R A B AR R . UKL R 2y
TH A A 7 UMK O s A T 2. 25 44
A A B0 1O 78 o LB 7 A BRI BN . TR
AR B 22 BORL AR A 24 T %k JU A URE Fr) 38 5 S80CR 1E
1 V24 RS I A2 5 (1A A 0 35K 1A J0RE 114 BE A
FIl . At Ul W BRI 0RL B AT i B A AR 1
i A 3 Bt Fh R] DL 42 R TR OE UKL R 2R 47 0 4
2.4 BRLK/INBEML MBS0

K6 25t 1 30 AN RURL Y /N To 1 S BEAL
A 28 A 14 52 5 B R B Al i A ot 8 RS AT A AU 2
Heo MBI 25 ORI AL S fb ) 5 G R R

350r (2) o
300} P
£
S 250f
2 200t
= —n— Cube
% 1501 Cylinder
v or 4L s Sphere
< 1o /7 Ellipsoid
A Mix
50t
0 A . . .
0.0 0.2 0.4 0.6 0.8 1.0
Axial strain €/ %
(®) R
0.3F o M [u]
° a o 4
X [ ° o g A 4 0
< J O 4
[y o g A
g <}
s 0.2r v
@ v v v v
on v v
£ v Vv
E ® Ellipsoid
2 g1k o Sphere
g 4 Cylinder
v Cube
o Mix
OO 1 " 1 " 1 " 1 1
0 2 4 6 8 10

Number of cycles N

5 AFBURIE AR SiCe/6061A1 525 4K
P4 B8 L e T 28 Ca) B T A it 2R (b)
Fig. 5 Monotonic tensile stress — strain curves (a) and
ratcheting evolution (b) of the SiCp/6061Al

composite with different particle shapes
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