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Fig. 1 Sample preparation and mechanical properties tests: (a) composite pressure vessel,
(b) double cantilever beam test, (c) three-point end opening bending test
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Fig. 2 Simulation of composite shell with fracture defect: (a) finite element model and defect position,
(b) boundary condition and loading position
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Table 1 Stiffness parameters of glass fiber/epoxy resin composite plate*?'!

E,/GPa E,/GPa E;/GPa G,,/GPa G,;/GPa G,;/GPa Vi, Vi3 V3
39.39+0.36 18.10+0.24 18.10£0.24 6.31+0.38 6.00+0.27 6.00+0.27 0.270+0.012 0.350+0.015 0.350+0.015
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Table 2 Strength parameters of glass fiber/epoxy resin composite plate!*'! MPa

XT XC YT YC ZT ZC S]Z S13 S23
222.7+18.0 200422  136+22  100+4 50+2 1004  90.5+42  50.00+3.12  50.00+3.12
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py=0.1 MPa pH;O.ﬁ MPa py=0.3 MPa
(f) H=3 mm
B3 S A IR B E R L B5E PR H B ) 43 A
Fig. 3  Stress distribution of the shell with different fracture defect depths
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Fig. 5 Strain distribution of composite shell with different depth fracture defects
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Mechanical Behavior Analysis of Composite Shell with Fracture Defect
BAI Hui', HUI Hu', YANG Bin®, KONG Fang’

(1. School of Mechanical and Power Engineering, East China University of Science and Technology, Shanghai 200237, China;
2. School of Aerospace and Mechanics, Tongji University, Shanghai 200092, China;
3. Zaozhuang Vocational College of Science and Technology, Zaozhuang 277599, Shandong, China)

Abstract: The glass fiber reinforced epoxy resin matrix composite shell was prepared by wet winding, the
basic mechanical properties of the composite laminates were evaluated by tensile tests, double cantilever
beams and three point end opening bending tests. And then the obtained strength and stiffness parameters
were used in the finite element simulation. Meanwhile, a 3D progressive damage finite element model of
composite shell containing fracture defects of different depths was established in Abaqus to predict the
mechanical response of the shell under internal pressure. The results show that the tensile strength of the
composite is (222.7 + 18) MPa and the main elastic modulus is 39.39 GPa. The fracture toughness of
type I and type II of interlayer strength are (4.67 + 0.24)kJ/m*and (4.98 £ 0.26)kJ/m?, respectively. As the
internal pressure increases, Mises stress is increasing. The Mises stress is the largest when the fracture defect
is in the deepest layer (the first layer close to the internal pressure, the depth is 18 mm). And when the
internal pressure is 0.3 MPa, maximum Mises stress is up to 28.8 MPa, and the circumferential strain is less
than the longitudinal strain.

Keywords: composite material; shell; fracture defect; stress; strain
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