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Meso-scale modeling of 3-D four-directional braided composites

FENG Wei, WANG Yan-rong, WEI Da-sheng
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Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Based on the motion of yarn carriers on the braiding machine bed, the spatial
configuration of interior yarns was analyzed in detail, and a meso-scale model of 4-step three-
dimensional (3-D) braided composites was established. In this model, the cross-section de-
formation, the contact of fiber bundle and the bended centerline due to the mutual squeezing
in the braiding process were taken into account. In addition, the structural geometry of the
composites was analyzed and the mathematical relationship between the braided parameters
and the structure of the unit cell was obtained. The results show that the hypotheses that
axis of fiber bundle is curve inside the composites and the section of fiber bundle is oval at
control points are close to the real structure and good agreement can be obtained between the
calculated and measured values of the geometric characteristics of braided composite samples.
The predicted value of unit cell height show that the maximum error remained at about 3% ,
in addition, when the braided angle is 19°, 21° and 21. 5°, the prediction results are more
close to the measured results. It is suitable for modeling of 3-D braided composites, especial-
ly the structure of small braided angle. Therefore, the model presents a foundation for the

mechanical properties prediction of the composites.
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Fig. 3
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Fiber bundle cross-section on control points
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Fig. 2 Spatial position of fiber bundle with
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Fig. 5 Spatial configuration of fiber bundle Fig. 7 Comparison between preform surface and
ideal surface of 3-D four-directional preform
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Fig. 6 Geometrical structure of unit cell
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Fig. 8 Unit cell geometrical model of preform
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Fig. 9  Unit cell geometrical model of composite
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Fig. 10 Cross-section comparison between the
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Table 1 Process parameters of the specimen
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8
D,/mm 0.757 0.757 0. 757 0. 757 0.757 0.757 0.757 0. 757
MX N 6X22 6X22 6X22 6X22 5X19 5X19 5X19 5X19
a/ () 19.0 21.0 21.0 21.5 40.0 40.0 40.0 39.0
W, /mm 20. 35 20. 35 20. 35 20. 35 20. 35 20. 35 20. 35 20. 35
W, /mm 6.00 6.00 6.00 6.00 6.16 6.16 6.16 6.16
2
Table 2 Seructural data of composites from modeling prediction and measure
h/mm
Qi/ % W./mm  W./mm /%
ik ) /% /%
No. 1 65. 42 5.22 5.082 —2.64 5. 150 —1.34 1.772 19. 495 —4.20
No. 2 68. 70 4.70 4,499 —4. 28 4.570 —2.77 1.753 19. 288 —5.22
No. 3 68. 33 4.73 4.512 —4.61 4.583 —3.11 758 19. 340 —4.96
No. 4 69. 07 4. 60 4. 386 —4.65 4.458 —3.09 1.755 19. 305 —5. 14
No. 5 61.09 2.57 2.549 —0.82 2.641 2.76 2.214 21.037 3.38
No. 6 60. 35 2.59 2.565 —0.97 2.657 2.59 2.228 21.165 4.00
No. 7 59. 97 2. 60 2.573 —1.04 2.665 2.50 2.235 21.232 4.33
No. 8 61.18 2. 64 2.613 —1.02 2.704 2.42 2.188 20. 790 2.16
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