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Abstract: In order to predict the mechanical properties of 3D four—directional braided composites with
pore defects more accurately, this essay studied the effects of dry patches in fiber bundles and voids in matrix on
the macroscopic mechanical properties of the three—dimensional four—direction braided composites based on the
two—scale analysis method. Firstly, generalized method of cells was used to predict equivalent mechanical proper-
ties of the fiber bundles at micro—scale. Then, the macroscopic equivalent elastic constants were predicted by rep-
resentative volume element (RVE) and meso—mechanical finite element method in braided structure on meso-
scale scale. The predicted results were in good agreement with the available experimental data, demonstrating the
applicability of the two—scale method. Finally, pore elements was distributed by Monte—Carlo technique simulat-
ing dry patches elements in fiber bundles and voids elements in matrix in 3D four—directional braided composites

RVE model to discuss the influence of two kinds of defects on the mechanical properties of 3D four—directional
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braided composites. The results show that the defects have great influence on the mechanical properties of 3D

four—directional braided composites. Dry patches in fiber bundles have more significant effect on the elastic prop-

erties than voids in matrix. In the case of given porosity (P, = P, =4% ), the elastic modulus of the weaving di-

rection only increased from 13.6GPa to 14.2GPa demonstrating that the positional distribution of defects has little

effect on the modulus of elasticity in the braiding direction.

Key words: 3D four—directional braided composites; Pore defects; Two—scale; Material property predic-

tion
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Fig.1 Two scale analysis for 3D four-directional braided

composites
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Fig.3 2D model of generalized method of cells (GMC)
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Table 1 Braiding parameters and structural parameters of
RVE models

Dimension/mm v/(°) al/(°) V% &l%

No.1 20.35%20.35%6 46.71 369  51.81 90
No.2 20.35%20.35%6 26.98 19.8  49.65 90

Notes: y —internal braiding angle; a—surface braided angle;

V~fiber volume fracture; e~fiber volume fraction in a fiber bundle
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Table 2 Elastic properties of carbon fiber and resin matrix

E,/GPa  E,/GPa  G,/GPa  G,/GPa M
C fiber 230.0 40.0 24.0 14.3 0.26
Epoxy 3.5 0.35
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Fig. 4 RVE of the 3D braided structures
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Table 3 Comparison of the elastic constants between predicted and experimental data

Elastic properties Number | Number 2
Experiment Prediction Experiment Prediction
E,/GPa 17.91 17.10 56.31 53.880
E,,/GPa 9.644 32.844
E ;/GPa 9.632 32.853
G,,/GPa 13.008 19.530
G ,/GPa 13.073 19.526
G,,/GPa 15.186 20.860
M 0.67 0.684 0.79 0.724
Mo 0.679 0.721
Mo 0.488 0.518
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Fig. 6 Stress contour of RVE under z tension load
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Fig. 7 Stress contour of RVE under yz shear load
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Table 4 Elastic constants of the fiber bundles with different

void fraction

PJ/%  E,/GPa  En/GPa  G,/GPa W, Ko
0 208.150 25966  12.942 0273 0.378
1 207.980 21.919 10731 0258  0.367
2 207.749 17.348 7823 0250 0333
3 207.518 12.302 5348 0212 0.301
4 207.363 5.743 3.030  0.180  0.237
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Fig. 10 Influences of the void volume fraction P and P,,,

on the elastic constants
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