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Mesoscopic modeling of three-dimensional four-directional
braided composites using energy method

GONG Long=dong, "SHEN Xiu-li
(School-of Energy and Power Engineering,
Beijing University of Aeronautics-and Astrenautics, Beijing 100191, China)

Abstract: Based on the motion rules of three-dimensional four-directional braiding yarn
carriers and the interior\fiber, bundle’s force analysis, a mesoscopic modeling approach using
energy method was\established, whieh divided the modeling process as follows: adjusting the
control point after jamming of fiber bundle, changing the position of fiber bundle due to ex-
trusion and interwinding to each other and establishing the fiber bundle trajectory according
to the minimum-Strain energy. By analyzing the geometric dimension of unit cell model, the
relationship between unit cell model and braided parameters was provided. The fiber bundle
model established by this approach was not interfered but compacted, and the fiber bundle
trajectory, composed of a space curve and two tangent lines, was almost a straight line.
Compared with the experiment result, the fiber bundle trajectory and cross section of model
are consistent with the electron microscope scan images, and braided structure size calculated
is in agreement with the measured data. The maximum relative calculation error of pitch
length is about 5%, especially when braided angle is 21 degree or so, the relative calculation

error is below 2%.

Key words: three-dimensional four-directional braided composites;
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Fig.1 Three-dimensional four-directional

braided process
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Fig. 2 Fiber bundle trajectories of three-dimensional

four-directional braided composites
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Table 1 Braided parameters of three-dimensional

four-directional braided composite'!’

Fe YR EHAR/mm ETEAY i VAQD)
1 0.757 19.0
2 0.757 21.0
3 0. 757 21.5
4 0.757 40.0
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Table 2 Pitch length comparison of modeling calculation

and test measurement

o K/ mm AR mm R 22 %

1 5.32 5722 +1.92
2 4.81 4.73 +1.69
3 4.69 4,60 +1.96
4 2.45 2.59 —5.40
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