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Development of Modeling Technique and Material Prediction Method
Considering Structural Characteristics of Woven Composites
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ABSTRACT: As the use of composite materials of woven structure has expanded to various fields such as automobile
and aviation industry, there has been a need for reliability problems and prediction of mechanical properties of woven
composites. In this study, finite element analysis for predicting the mechanical properties of composite materials with
different weaving structures was conducted to verify similarity with experimental static properties and an effective
modeling method was developed. To reflect the characteristics of the weave structure, the meso-scale representative
volume element (RVE) was used in modeling. Three-dimensional modeling was carried out by separating the yarn
and the pure matrix. Hashins failure criterion was used to determine whether the element was failed, and the
simulation model used a progressive failure model which was suitable for the composite material. Finally, the
accordance of the modeling and simulation technique was verified by successfully predicting the mechanical properties
of the composite material according to the weave structure.
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Fig. 1. Crimp angle and representative volume element of plain
and twill

Table 1. The geometrical properties of composites for modeling

RVE
Model Plain Twill
Yarn spacing [mm] 2.04 1.67
Yarn width [mm)] 1.6 1.5
Yarn thickness [mm] 0.38 0.36
RVE thickness [mm)] 0.4 0.396
Fiber volume fraction 0.378 0.368

1-axis
2-axis
3-axis

Fig. 2. Application of fiber orientation according to crimp of
woven RVE model
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Fig. 4. The flowchart of progressive failure model correspond-

ing to the UMAT subroutine

Table 2. Material properties of yarn and matrix

Yarn Matrix
E,, (GPa) 148 E (GPa) 3
E,, (GPa) 10 Vi 0.35
Vs 0.3 S; (MPa) 50
Va3 0.3 S, (MPa) 100
G,, (GPa) 3
G,; (GPa) 3
X, (MPa) 1000
X_(MPa) 650
Y, (MPa) 50
Y, (MPa) 100
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Fig. 5. Single element simulation result of tensile and compress
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and twill composite
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