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Finite Element Analysis for Effective Properties of Ceramic Matrix
Plain Woven Textile Composites
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Abstract

Effective properties of ceramic matrix plain woven textile composites were calculated using finite element
analysis. The considered geometry is a unit cell of plain weave and the analysis was performed by commercial
finite element program, ANSYS. The materials for analysis are 3 types for matrix, 1 type for fiber with
various volume fraction. The result indicates that the effective properties of ceramic matrix composites can be
controlled by the volume fraction. The result can be used for numerical analysis using ceramic matrix

composites.
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Fig. 1 Weave pattern of plain woven textile
composites(plain weave)
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Fig. 2 Unit cell model of plain weave

Fig. 3 Tow model of plain weave

Fig. 4 Unit cell FE model for plain weave
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Table 1 Material properties of matrices and fiber

3t
1__
1=}

RS

Material ~ LAS  Si;N, SiC H?é((;llllﬁlsl)
a(107°/C) 1.3 33 4.7 -0.5
E(GPa) 81 310 440 370
v 0.3 0.27 0.3 0.3
plkg/m’)  24x10° 32x10° 3.2x10° 1.76x10°

Table 2 Calculated effective material properties of
tow(, =35%)

fiber tow C;/LAS C;/SisN, C;/SiC
» a,=-0245 «a, =0972 a,=1.96
a(107°/C)
a2=0.43 a, =115 a,=1.67
E, =246 E, =344 E, =400
E(GPa)
E, =51 E,=276  E,=513
G, =176 G, =136 G, =148
G(GPa) 12 12 12
Gy, =163 Gy =102 Gy =217
y Vi, =03 Vi, =0.29 Vi, =03
Vy; =0.561 vy, =0354 v, =0.183
plkg/m’)  2.04x10° 238x10°  2.38x10’
25 Mol A
Ao o, AfF Ame ¢ & 1A 7]H]
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Table 3 . Calculated effective material properties
(Plain weave, Vv, =35% )

Material C¢/LAS C¢/Si3Ny C;/SiC
o, =0.324 a,=1.961 a,=3.00
(04
6 . a,=0309  a,=1964 @ =3.00
(10°/C)
@, =0434 @, =1902  a,=2.87
E =119  E =311  E =449
E
E, =119 E, =311 E, = 449
(GPa) 2 2 2
E,=79  E; =304  E, =45
G12 =Gy G12 =Gy Glz =Gy
=44 =121 =173
G G,=45 Gy=121 G,=174
(GPa) Gyy =45 Gy =120 G, =176
Gy =Gy Gy = G32 Gy = Gy
=30 =118 =177
Via =V Vi =Vn Vi =Vn
=0.345 =0.284 =0.298
Vi3 0323 v3 =0279 v, = 0289
v
Va3 = V3 Va3 = V3 Va3 = V3
=0314 =0.293 =0.274
vy = 0314 vy =0293 vy, =0274
p(kg/m)  2.18x10°  2.7x10° 2.7x10°

Table 4 Calculated effective material properties of

C;¢/SiC (Plain weave)
V(%) 30 35 40
a,=3.24 a,=3.00 a,=2.75
[04
6 .o a,=3.25 a,=3.00 a,=2.76
(10 " /C)
a,=3.13 o, =2.87 a,=2.65
E, =449 E =449 E| =448
E
E, =449 E, =449 E, =448
(GPa) 2 2 2
E; =450 E; =451 E; =452
G12 =Gy G12 =Gy G12 =Gy
=173 =173 =173
G G13 =174 G13 =174 G13 =174
(GPa) G, =176 Gy =176 G, =176
Gy, =Gy, Gy, = Gy Gy, = Gy
=176 =177 =178
Vi2 = Va1 Vi = Va1 Vi = Va1
=0.298 =0.298 =0.298
V3 =029 v;;=0280 v,;=0288
v
Va3 =V Vo3 = V3 Vo3 = V3
=0.276 =0.274 =0.272
vy =0276 vy, =0274 vy =0.272
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Table 5 Calculated effective material properties of

C¢/LAS (Plain weave)
V(%) 30 35 40
@, =0409  «=0324 o =0224
o
. a,=0412  ,=0309  a,=0.164
(10 7 /C)
@, =0919 @, =0434  «,=0.684
E =113 E =119 E =125
E
E, =113 E, =119 E, =125
(GPa) 2 2 2
E, =79 E, =179 E, =79
G12 =Gy G12 =Gy G12 =Gy
=42 =44 =46
G G13 =43 G13 =45 G13 =47
(GPa) Gy =43 Gy =45 G,; =48
Gy, =Gy, Gy, = Gy, Gy, = Gy
= 30 = 30 = 30
Vi2 = Va1 Vi = Va1 Vi = Va1
=0.338 =0.345 =0.351
v; =0322 13 =0323 v =0325
Y
Va3 =V Va3 =V Vo3 = V3
=0.315 =0314 =0.312
Vs, = 0315 vy =0314 vy =0312
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