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Calculation of needled C/SiC composite elastic parameters

in consideration of the porosity
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College of Energy and Power Engineering,
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Abstract: Based upon the microphotographs of the needled ceramic matrix composites
(CMCs), appropriate representative volume elements (RVE) were selected to establish a
single-cell model for predicting the elastic properties of needled ceramic matrix composites.
The effect of porosities on the elastic properties of matrix and fiber bundles was considered,
and the elastic constants of fiber bundles were calculated by mixed rate, then elastic con-
stants of fiber bundles and matrix were taken into the single-cell model. The elastic proper-
ties of needled ceramic matrix composites were calculated by the finite element method
(FEM) at last. At the same time, the tests for tensile strength and determination of porosi-
ties were carried. Through the experiment, the materials’ open porosity of 7. 33 % and closed-
cell porosity of 10. 67 % were acquired. Numerical results of the elastic properties obtained by

the proposed method agree well with the experimental results, and the error is 3. 1%.
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Fig. 2 Microstructure analysis model of needled CMCs
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Table 1 Boundary conditions of microstructure mechanics FEM approach
S(x ,y,2) S(x",y,2) S(x,y ,2) S(x,y",2) S(x,y,2 ) S(x,y.zH)
1 u, =0 u, = 0.1 u, =0 u, = const u. = 0 u. = const
2 u, =0 u, = const u, 0 u, = 0.1 u. 0 u. = const
3 u, =0 u, = const u, 0 u, = const u. 0 u. 0.1
4 u, = 0 u, = const u. =0 u. 0 u, 0 u, 0.1
5 u. =0 u. =0 u, 0 u, = const u, 0 u, 0.1
6 u, =0 u, =0 u, =0 u, = 0.1 u, = 0 u. = const
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b 5 b
, 7 ; (58.9—57.15)/57.15=3.1%.
2
Table 2 Microstructural parameters of needled CMCs
my/g 11.15 P./% 18
mo/g 10. 76 P./% 10. 67
V/em? 5.325 /% 27
Py /% 7.33 /% 15.2
o/ Yo 60 0.42
out/ %0 60 0.74
SD!(/% 42
3 [16]
Table 3 Components properties of CMCs
E,/GPa E,/GPa E,/GPa G,s /GPa Gy3/GPa Gy, /GPa 123 23 212
C 230 30 30 9.2 9 9 0.25 0.2 0.2
SiC 350 350 350 140 140 140 0.25 0.25 0.25
4
Table 4 Elastic paramaters of fiber boudles and fabrics
E,/GPa E,/GPa E;/GPa Gy3/GPa Gy;/GPa Gy, /GPa 23 yn 212
x 136.5 25.9 25.9 8.95 6.1 6.1 0.25 0.235 0.235
y 25.9 136.5 25.9 6.1 8.95 6.1 0.235 0.25 0.04
z 25.9 25.9 136.5 6.1 6.1 8.95 0.04 0.04 0.25
13.65 13.65 13.65 5. 31 5. 31 5. 31 0.25 0.25 0.25
5
Table 5 Single cell performance parameters
E,/GPa E,/GPa E,/GPa Gy3/GPa Gy;/GPa Gy, /GPa 23 s P
58.9 58.9 16.1 7.0 3.7 3.7 0.22 0.22 0.14
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Fig. 7 Experimental data in the elastic period of CMCs
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