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Effect of porosity defects on crack initiation and propagation behavior
in SiC/AZ91D composites

LI Buwei, YAO ]unping* , CHEN Guoxin, LI Yiran , LIANG Chaoqun
(School of Aeronautical Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330000, China)

Abstract: Using the finite element analysis method, this study introduced porosity defects into SiC/AZ91D magnesi-

um matrix composites with realistic SiC particle morphology, and analyzed the influence of different porosity rates

and shapes on the mechanical behavior of SiC/AZ91D composites during uniaxial tensile process. The results show

that when the aspect ratio of the pore length to width is 1, the tensile strengths of the composites with void contents

of 0%, 0.5%, 1.0%, and 1.5% are 351.214 MPa, 339.452 MPa, 325.735 MPa and 306.791 MPa, respectively. The tensile

strength gradually decreases with the increase of porosity rate, and the initiation and propagation time of cracks in

the composite material advances with the increase of porosity rate. As the aspect ratio of the pore length to width in-

creases, the stress concentration at the tip of the pore becomes more severe, resulting in lower tensile strength of

the composite material. The crack initiation and propagation mechanism in the SiC/AZ91D composite material

without porosity defects involves the initiation of microcracks at the particle-matrix interface, followed by their in-

terconnection to form a main crack, which propagates around the particles leading to material fracture. In the case

of SiC/AZ91D composites with porosity, microcracks initiate around the pores and interconnect with microcracks

generates at the particle-matrix interface, ultimately converging into a main crack that propagates around the

particles, causing material fracture.
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Table1 Void content (VC) measurement for SiC/AZ91D
composite material using drainage method

Sample serial number VC/%
1 1.56
0.84
0.85
1.62
0.83
0.41
1.65
0.94
0.48
1.18
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SiC WUk F- kiR R 4 um, RFS 5K 15v0l%,
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Table 2 Basic parameters of AZ91D magnesium alloy and

SiC particles
Material p/(kgm™) E/GPa o o,/MPa
AZ91D 1 800 45 0.33 164
SiC 3215 450 0.17 2 000

Notes: p—Material density; E—Modulus of elasticity;
p—Poisson's ratio; o,—Tensile strength.
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Fig.1 SEM images and modeling of SiC particles
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Fig.2 Modeling diagram of SiC/AZ91D magnesium-based composite materials with different void contents: (a) VC=0 (Ideal condition); (b) VC=0.5%;
() VC=1.0%; (d) VC=1.5%
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3 SiC/AZIND BEIEM B AR K FIAR R 73 FEATIGEIN - (a) SIC/AZ9ID BEHL; (b) FIARRISY; () Bt

Fig.3 Modeling, meshing and load application of SiC/AZ91D magnesium-based composite materials: (a) SiC/AZ91D model; (b) Meshing;

(c) Load application

4 RFRFLBIEIRIY SIC/AZIID A
Fig.4 Model of SiC/AZ91D magnesium-based composite materials with different pore shapes: (a) Aspect ratio of the pore length to width r=1;
(b) r=2; (c) r=4
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Fig.5 Force-deformation model of cohesive element
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6 LRI

Fig. 6 Bilinear cohesive zone model
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Feak e
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Hodr, A0 0% B kg i A R 4 85 YR LR I
B . SiC/AZ91D UKL - L 1 Ay 7 #4) A5 B0 2 401> |
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Table 3 Constitutive model parameters of SiC/AZ91D
particle-interface

tn/MPa t,/MPa
400 400

Of/mm
0.00005

Omax /Mm
0.00015

Notes: 1, —Interface normal nominal stress; # —Interfacial
tangential nominal stress; dmax —Destruction displacement;
of —Material complete failure separation.
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Table 4 Johnson-Cook (J-C) constitutive model parameters
for AZ9ID magnesium alloy

A/MPa B/MPa n c uf' /mm
164 600 0.283 0.021 0.00015

Notes: A—Yield strength of AZ91D matrix under static load;
B—Hardening constant; n—Hardening exponent; C—Strain

1 . .
rate constant; u? —Failure displacement.
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Table 5 Constitutive model and failure parameters of

SiC particles
Parameter Value
G/GPa 193
A, 0.96
B, 0.35
Co 0.009
M 1
N 0.65
T,/MPa 750
Spvax/MPa 1300
Ly/MPa 11 700
Pyg /MPa 5130
D, 0.48
D, 0.48
K; 220 000
K, 361 000
K, 0

Notes: G—Shear modulus; A,—Strength parameter before
damage; B,—Strength parameter when damage occurs;
Cy—Strain rate constant; M—Pressure index when damage
occurs; N—Pressure index when no damage occurs; T, —Cut-off
pressure; Spyax—Maximum fracture strength; Lyz—Hugoniot
elastic limit; Pyg—Hugoniot elastic limit pressure; D,
D,—Fracture constant; K, K,, K;—Material parameter.
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Fig. 7 Stress-strain curves of SiC/AZ91D magnesium-based composite

materials with different void content during tensile process
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Fig. 8 Yield stress, tensile strength and elongation of SiC/AZ91D
composite materials with different void contents

during the tensile process
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Fig. 12 Crack propagation paths in SiC/AZ91D composite materials with different void contents: (a) VC=0%; (b) VC=0.5%; (c) VC=1.0%; (d) VC=1.5%
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