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A Statistical Study of Effective Properties due to Fiber
Tow Misalignment and Thickness
Change for Plain Weave Textile Composites

Kyeongsik Woo™ and Youngwook Suh™

ABSTRACT

In this paper, statistical treatments of effective properties for plain weave textile composites were
presented. Configurations up to 32 layers with varied stacking phase shifts were considered. Effective
properties were calculated by numerical simulation in which uni-axial tensile and shear load were applied
at unit cell. Sample analysis was utilized to consider the inherent randomness in the phase shift and the
results were treated statistically. It was found that effective properties were dependent on stacking phase
shifts for thin plain weave textile composites. The distribution of E. and v,, were skewed and the range
of possible values was relatively large. As the number of layers increased, however, the distribution width
became narrower and mean values converged. In contrast, Gy, was not affected by phase shifts and
thickness changes.
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Fig. 1 Four-layer plain weave unit cell stacked with arbitrary
phase shifts.
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Fig. 2 Periodic vectors and periodic boundaries for plain weave
half unit cell.
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Fig. 3 Conventional, macro-element and sub-meshes for 3-
layer plain weave configuration.
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Table 1. Number of analysis cases versus number of layers for
plain weave textile composites.

No. of layers No. of analysis cases
2 128
3 16,384
4 2,097,152
5 268,435,456
32 2.106x 10
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Table 2. Maximum allowable error of the number of
samples.(99% confidence interval)

No. of samples(Vs) | Maximum allowable error(%)
256 +8.05
1024 +4.02
2048 +2.84
4096 +2.01
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Fig. 4 Percent error of statistical values of elastic modulus for
2-layer plain weave textile composites.
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Fig. 5 Variation of effective properties for two-layer plain weave
textile composites.
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Fig. 6 Deformed meshes of two-layer plain weave textile unit
cell models under a uni-axial load.
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weave textile composites.
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Fig. 9 Variation of minimum, maximum and mean values of
effective properties for plain weave textile composites.
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Fig. 11 Variation of minimum, maximum, mean and coefficient
of variation(C.V.) values of shear modulus for plain
weave textile composites.
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