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Abstract : Based on finite element method and cohesion method, a three-dimensional model of SiC/AZ91D
composite materials with varying void contents is constructed. The impact of void content on the
mechanical behavior of the composite materials is investigated employing the stress concentration factor
method, and an in-depth exploration of the failure mechanism is conducted. The findings reveal that the
increase in void content will lead to a decrease in the mechanical properties of composite materials. The
crack appearance and extension time of cracks are accelerated with an increasing void content. During the
elastic deformation phase, the primary load is borne by the matrix, and the fluctuation in void content has a
comparatively negligible effect on the stress concentration factor. Upon entering the plastic deformation
phase, the load is progressively transferred from the matrix to the SiC particles. With an elevated void
content, the load transferred from the matrix to the SiC particles diminishes, causing a deceleration in the
growth rate of the stress concentration factor.
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Fig.1 Electronic analytical balance
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Table 1 Recorded data of void content measured by

drainage method

Number my/g m/g m,/g vC/%
1 19.65 17.13 19.69 1.56
2 19.65 17.33 19.67 0.84
3 19.42 17.06 19.44 0.85
4 19.88 17.45 19.92 1.62
5 19.91 17.52 19.93 0.83
6 19.62 17.24 19.63 0.41
7 19.45 17.07 19.49 1.65
8 19.32 17.22 19.34 0.94
9 19.87 17.87 19.88 0.48

10 19.65 17.14 19.68 1.18

SIC/AZIID & & M RL Y Tl 45 7 1 18] 2 T 7 o
R €802 SIC okr, Hifth o AZ9ID B4 4 3tk .
KR DA, S AR | 3 i UK JE SAH I, 43

E2 SIC/AZIID EAHRHIUES
Fig.2 Micromorphology of SiC/AZ91D composite material
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Table 2 Property parameters of matrix and reinforcement

Material o/(kg'm®)  E/GPa pu 5,/ MPa
Matrix(AZ91D) 1800 45 0.33 164
Reinforcement(SiC) 3215 450 0.17 2000

Note: o denotes the density of the material; E denotes Young’ s
modulus; x denotes Poisson’s ratio; g, denotes the tensile strength of the

material
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Fig.3 Finite element model of SiC particles established based on SEM images'”!
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Fig.4 Finite element model of SiC/AZ91D composites with different void contents
(a)VC=0%;(b)VC=0.5%;(c)VC =1.0%;(d)VC=1.5%
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Fig.5 Meshing diagrams and tensile strain-stress response of SiC/AZ91D composite with void content of 1.0%

(a)coarse mesh; (b)fine mesh; (c)very fine mesh; (d)tensile strain-stress response
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Table 3 Interface constitutive equation parameters'”’

t,/MPa t,/MPa omax o
400 400 0.00015 0.00005

Note: 6™ denotes the critical failure displacement; o' denotes the

complete failure displacement of the material
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Table 4 Johnson-Cook constitutive equation parameters
of AZ91D matrix'?"

A/MPa B/MPa n C ul!
164 600 0.283 0.021 0.00015
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Table 5 JH, constitutive parameters of SiC reinforcement'*’
G/GPa  «a 3 y I, 7, T,/MPa  H, H, L L, L,
193 0.95 0.36 0.009 1 0.65 0.49 0.49 220000 361000 0

Note: G-shear modulus; a-undamaged strength parameter; #-damaged strength parameter; y -strain rate constant;./;-damage pressure index;.J,-un-

damaged pressure index ; T, -cut-off pressure;; H, , H,-fracture constants; L, L,, L;-material parameters
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Fig.8 Stress-strain response curves under

different void contents
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