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Crimp Angle Dependence of Effective Properties for 3-D Weave
Composite

Yun-Sun Choi*, Kyeongsik Woo**"

ABSTRACT: In this study, geometric modeling and finite element analysis of 3-dimensional plain weave composite
unit cell consisting of 3 interlaced fiber tows and resin pocket were performed to predict effective properties. First,
tow properties were obtained from micro-mechanics finite element unit cell analysis, which were then used in the
meso-mechanics analysis. The effective properties were obtained from a series of unit cell analyses simulating uniaxial
tensile and shear tests. Analysis results were compared to the analysis and experimental results in the literature.
Various crimp angles were considered and the effect on the effective properties was investigated. Initial failure
strengths and failure sequence were also examined.
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(a) Uniaxial tensile test (b) Pure shear test

Fig. 1. Schematic of unit cell analysis
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Fig. 2. 3-D weave unit-cell
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Table 1. Normalized tow distance for various crimp angle
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d/w 1.692 1.007 0.621 0.128

Table 2. 3-D weave modeling parameters

h, hy h, h, w,
0.0018H 0.292 0.637 0.292 1.514
w, w, h,, L w
2.060 0.2775 0.1h,/2 2wf+dt 2.2875
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Fig. 3. FE mesh for 1/2 unit-cell
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Fig. 5. Deformed shape of meso-mechanics 1/2 unit cell

Table 4. Young's modulus for 0,,,= 90°
FEM Ref. [4] - FEM | Ref. [4] - Exp
E, 25.11 25.15 24.68
E, 20.62 20.81 20.75
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Fig. 6. Variation of resin fraction versus crimp angle
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Fig. 7. Variation of normalized tow distance versus crimp angle
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Fig. 8. Variation of effective moduli versus crimp angle
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Fig. 10. Failure strength
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