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Strength prediction of 3-D four directional C/C composites by
high temperature and oxidation environment
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Abstract: Based on progressive damage method, a kind of high temperature strength
prediction model of 3-D four directional C/C composites was established on microscopic
scale. The section shape of fiber bundle after extrusion, periodicity of unit cell, and fiber
bundles debonding were taken into account in the model. The 3-D Hashin failure criterion
considering temperature was introduced to determine the elements failure. And then the ten-
sile strength prediction of 3-D four directional C/C composites at room temperature and
700 ‘C under oxidation protection was achieved. In order to introduce the model in high tem-
perature oxidation environment, the mechanical property degradation model of fiber bundles
was established in consideration of oxidation rate. The mechanical properties equivalence of

fiber bundles and unidirectional plates was proposed. The tensile strength of 3-D four direc-
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tional C/C composites without oxidation protection was predicted. Trimming process influ-

ence on the strength of 3-D four directional composites was investigated, and the strength

prediction model of trimming 3-D four directional composites considering trimming width was

established. The tensile strength of trimming 3-D four directional C/C composites with and

without oxidation protection 18 mm width was predicted. Results show that the prediction

errors are 5.51%, 7.20% and 7.13% for non-trimming specimens at room temperature,

700 ‘C with anti-oxidation coating and 700 ‘C without anti-oxidation coating. The stress-

strain curve of tensile process for prediction is quite in accord with experiment. The predic-

tion errors are 0. 88% and 4. 53% for trimming specimens at room temperature, 700 °C with

anti-oxidation coating. Several kinds of examples show that the prediction model is reasona-

ble and reliable.

Key words:

3-D braided; C/C composites; high temperature; oxidation; trimming;

mesoscopic unit cell; progressive damage; strength prediction
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Fig. 2 Geometric model of inner cell model
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Fig.4 Strength prediction flow chart of 3-D four directional C/C composites at high temperature
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Table 1

2.1

Tensile experiment results of C/C composite
unidirectional laminates without

anti-oxidationprotection

g/ C DRt i ]/ h -2 A5 2 / MPa
0.5 421.34
1 407. 51
700 2 358. 87
3 283. 88
4 163. 50

x2 ZEHEURP C/CEAMBRERINSE
SURENHEERLREUESH
Table 2 Fitting parameters of strength degradation model
for C/C composites unidirectional laminates

without anti-oxidation protection

/T a b ¢

—0. 149

700 1.462 0. 449

=4Epn C/C & kR 7 T2 TR RE WL 2%
3. g AR IR 1] 0 2 he
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Fig.5 Fitting curves of tensile strength degradation for
C/C composites unidirectional laminates without

anti-oxidation protection at 700 °C
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Table 3 3-D four directional C/C composites component

mechanical properties

) BPiEf  LpisEi
Mo S8 = . .
P47 700°C 54 700°C
Su/MPa  331.79 455. 97 348. 87
Si, /MPa 1. 61 1. 62 1. 24
72/ MPa 30. 20 43. 66 33. 40
£
i E,/GPa 87. 34 98.72 66. 64
H_
E,/GPa 17.75 21. 36 7.26
Gy, /GPa 16. 81 22.21 7.55
s 0.25 0.25 0.25
S,/ MPa 1.93 1. 96 1. 50
3t E./GPa 3. 82 3.82 1. 30
L3 G /GPa 1. 63 1. 63 0.55
ftm 0.15 0.15 0.15
LR 71/ MPa 17. 68 20. 92 20. 92
F4 FB=4#MNE C/CESGHRIMREERN

HFRMAEHE R
Table 4 Comparisons between predictions and
experimental tensile strength of non-trimming

3-D four directional C/C composites

ROfRGRE  ROARSREE

T |/ C "2/ %
T %l /GPa BIE/GPa

= 25 168. 22 177. 49 5.51
H B &

700 212. 02 196. 76 7.20
HZ'Ss
v

AR 0, 94. 50 101. 24 7.13
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Table 5 Tensile experiment results of four Kinds of

trimming width specimens
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Table 6 Comparisons between predictions and
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