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Abstract

In this paper, computation results of reducible modeling, stress recovery and energy release rate were compared with the results
of VABS, Virtual Crack Closure Technique. The result of stress recovery analysis for 1-D model including the stiffness matrix is
compared with stress results of three-dimensional 3-D FEM. Energy release rate of composite beam with longitudinal cracks is
calculated and compare verifications of numerical analysis results of 3-D FEM and VABS. The procedure of calculating energy
release rate through dimensional reduction and stress recovery is intended to be efficient and be utilized in the life-cycle of
high-altitude uav’s wing, wind blades and tilt rotor blade.
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S Visualize results
- Map 3-D field to elements

Fig. 1 Dimension reduction & recovery process of
composite beam
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Fig. 2 Schematics of beam deformation(Yu et al., 2012)
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Fig. 3 Virtual crack closure technique using hexa element
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Table 1 Material property and geometry

Properties Material 1 Material 2
E 71,709MPa 195,122MPa
G 217,370MPa 75,842MPa
v 0.31 0.28
Length 500mm
Width 10mm
Height 10mm

&, =1500MPa

d)-FEM Stress Results

o, =15.00 MPa

O T ee—
| ¢
K —
o =0.0143MPa 0,;=0.173MPa

Fig. 6 Stress result at span=250mm, Case 1

0, =20.09MPa" 01, =0.0229MPa

- !

3D-FEM Stress Results

0y, =0.0230MPa 0p: =0.186 MPa

Fig. 7 Stress result at span=250mm, Case 2
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Table 2 Geometry and material property of single
material beam

Geometry Properties
Cross | Case 1 R=50mm E 71,709MPa
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Fig. 10 Stress results of case 2, 3-d FEM & 1-d beam
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Table 3 Geometry and material property of single
material beam

Case Case 1 Case 2
Cross Cm(J/m?) | Err(%) | Gu(J/m?) | Err(%)
Analytical
(Murakami, 1987) 25.85 1902
3D FE VCCT 25.99 0.54 1882 1.05
1D Recovery 26.06 0.81 1885 0.89
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