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Compressive and failure behaviour of composite egg-box panel

using non-orthogonal constitutive model

Youngwon Hahn', Seung Hwan Chang**, Yong-Mun Ryum and Seong Sik Cheon

ABSTRACT

In the current study, thermoforming and compression analysis were carried out for the woven composite

egg-box panel with the non-orthogonal constitutive material model, which is proposed by Xue et al. The

material model is implemented in commercial engineering software, LS-DYNA, with a wuser subroutine.
Directional properties in non-orthogonal coordinates are determinedusing the deformation gradient tensor and the
material modulus matrix in local coordinate is updated at each corresponding time step. After the implemented
non-orthogonal constitutive model is verified by the bias extension test, the egg-box panel simulations are
performed. The egg-box panel simulations are divided into two categories: thermoforming (draping) and

crushing. The finite element model for crushing analysiscan be obtained using the displacement result of
thermoforming process.
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Fig. 1 Fibre coordinate: (a) Before, (b) after deformation.
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FE model of bias tension test specimen: (a) Initial state, (b)
effective strain contour of deformed specimen.
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Fig. 3 Analysis results: (a) Force-displacement curve, (b) kinetic energy
and intemal energy curves.
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Fig. 4 Geometry and sectional dimensions of the egg-box panel: (a) Local
3

view, (b) section 1, (c) section 2, and (d) section 3.
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Fig. 5 FE model for draping analysis.

Fig. 6 Draped egg-box panel: (a) Product, (b) analysis.

Table 1 Composite material properties used in draping simulation

E11 (GPa) E22 (GP&)
Carbon fabric 55 55 4.75 0.13

G2 (GPa) vi2
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COMPRESSION SIMULATION

COMPRESSION SIMULATION

(b)

Fig. 7 Crushing analysis: (a) Before crushing, (b) after crushing.
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Fig. 8 Final shape after springback: (a) Experiment, (b) FE analysis
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with isotropic model.
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—EXPERIMENT

SIMULATION (USER Material Model)

——SIMULATION (Elastic Material Model)
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Fig. 9 Load-displacement curves.
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