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Abstract: 2.5D woven composites are resistant to delamination and impact, which have great application pro-
spects in aeroengine structures. The first-order bending vibration fatigue tests under different stress levels were car-
ried out for the specimens made of 2.5D woven carbon fiber reinforced bismaleimide resin matrix composites in the
warp direction and weft direction, respectively. The experimental results show that the vibration fatigue perfor-
mance of the warp specimens is better than that of the weft specimens. With the increase of stress levels, the lives of
the specimens are shortened obviously, and the decline percentage of natural frequency increase, and the damage
degree and damage propagation speed within specimens also increase. In the process of vibration fatigue test, the
main failure mode of 2.5D woven composites was the loss of structural integrity caused by the debonding of the
yarns and the matrixes, which leaded to the continuous decrease of the stiffness of the specimens. 3D CT reconstruc-

tion images of the internal damage of the specimens show that the damages spread throughout in the working sec-
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tion of the specimens. The higher the stress levels are, the greater the internal damage ranges and the higher the

damage degrees are. And the internal damage state of the warp specimens is more serious than that of the weft spe-

cimens. The mathematical model of stress-life (S-N) curve of vibration fatigue of 2.5D woven composites is ob-

tained by data fitting for vibration fatigue results under different nominal stress levels by using the log-log-linear life

model, which can be used to predict the life of 2.5D woven composites.

Keywords: composites; carbon fiber; 2.5D woven; vibration fatigue; life prediction
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Fig.4 Tensile stress-strain curves of 2.5D woven composites
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Table1 Vibration fatigue test parameters of warp and weft
2.5D woven composite specimens under different nominal
stress levels

Stress Strain Amplitude/
Type level/MPa level/% No. mm Jo/Hz

J-1 2.38 204
0.24X; 0.25 ]J-2 2.50 211
J-3 2.57 202
J-4 2.60 204
0.26X; 0.27 J-5 2.71 209
J-6 2.63 211
Warp
J-7 2.82 208
0.28X; 0.29 ]J-8 2.69 215
J-9 2.75 211
J-10 3.09 215
0.32X; 0.33 J-11 3.34 212
J-12 3.44 207
W-1 2.64 226
0.18X, 0.20 W-2 241 231
W-3 2.03 227
W-4 2.80 229
0.24X, 0.27 W-5 3.08 227
W-6 2.68 226
Weft
W-7 2.86 215
0.26X, 0.29 W-8 3.02 220
W-9 2.92 224
W-10  3.30 213
0.29X, 0.32 W-11  3.68 217
W-12 345 220

Notes: X;, X,—Tensile strengths of the 2.5D woven composites in

the warp direction and weft direction, respectively.
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Table 2 Vibration fatigue results of warp and weft 2.5D
woven composite specimens under different nominal
stress levels

Decline
Stress level/ percentage
Type MPa of natural Cycles
frequency/%
J-1 1.70 10 000 300
0.24X; J-2 2.59 10 000 200
J-3 2.28 10 002 900
J-4 4.73 3451 410
0.26X; J-5 5.53 5839 000
]J-6 5.21 6 143 660
Warp
J-7 6.13 761 800
0.28X; J-8 6.04 1402170
J-9 5.79 1 820 000
J-10 9.70 162 823
0.32X; J-11 8.64 102 829
J-12 8.86 175 556
W-1 1.03 10 002 900
0.18X, W-2 2.06 10 003 000
W-3 1.70 10 003 000
W-4 5.37 2374 300
0.24X, W-5 5.67 2272020
W-6 5.17 4338 750
Weft
W-7 6.03 736 122
0.26X, W-8 6.08 931 322
W-9 6.07 436 673
W-10 7.98 250 112
0.29X, W-11 7.80 72917
W-12 8.25 194 576
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