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Finite Element Analysis on Buckling Pressure by
the Lamination of Composite Pressure Hull

J.Y.Son, J.R.Cho, W.B.Bae, J.H.Kwon, J.H.Choi, Y.S.Cho, T K.Kim

Abstract

his paper deal with the optimal lamination condition of cylindrical shell applied new composite URN300 for a study of
composite empirical formula. Finite element analyses for isotropic materials considered element numbers and boundary
conditions are compared with existing empirical formulas to apply FE analysis for composite. And composite tensile test is
done to know the composite material applied FE analysis for composite. The results of FE analyses for isotropic
materials have indicated that Optimal element number and boundary condition were 1600 and both simple support. These
conditions were applied in composite FE analyses.

Ply orientations and lamination patterns in FE analyses for composite were considered. Ply orientations are 0 °, 15 ° |
30°,45°,60°, 75°, and. 90 ° . Lamination patterns are [+ ©/0/90];4 and [+ ©,4/0,4/90,4)s in FE analysis.
Lamination pattern [ & © 14/0,4/90,4]; is the equivalent model of [ £ ©/0/90]4s.

At the result of this study, the FE analyses for composite have indicated that the optimized ply orientation 75 ° is and
real model must use in FE analysis for accurate results.

Key Words : Cylindrical shell (‘2 &), Composite (5 3 A}, Ply orientation (& 5-1-8F), Lamination pattern (2 54)
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Table 2 Material properties of HY-100

Tensile yield strength(MPa) 689
Modulus of elasticity(GPa) 205
Poisson’s ratio 0.28

Table 1 Material properties of URN300
E 368.1
Elastic modulus(GPa) .
E, 6.6
. : Vio 0.364
Poisson’s ratio
Vo 0.0065
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Table 3 Elastic buckling pressure of eigen buckling
Analysis with 3-boundary conditions

Pressure(Mpa)
Both simple 26.81
Simulation Simple - clamped 26.96
Both clamped 28.91
Classical formula 26.08
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(a) Max displacement position

Nonfinear buckling

Buckling pressure (MPa)
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(b) Pressure-displacement curve
Fig. 4 Maximum displacement position and

pressure-displacement curve in nonlinear
analysis of isotropic material

Table 4 Comparison of buckling pressure for
isotropic cylindrical shell

Nonlinear buckling Eigen
Simulation | DnV-os | buckling
Pressure(MPa) 2048 12.62 26.81
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Table 5 Comparison of buckling pressure for
composite cylindrical shell

ANSYS(MPa)
Angl +0 +0 ASME
ngle | [£©/0/90]14s [+ ©14/014/9014]s
& (MPa)
Eigen | Nonlinear | Eigen | Nonlinear
0° 9.24 7.00 6.34 4.80
15° 13.68 11.45 7.64 6.93
30 °- 1 1535 14.24 10.56 8.00
45 ° 18.59 16.70 17.49 16.53 5.807
60° 19.43 17.43 21.07 18.26
75 ° 19.95 1799 | 2341 19.66
90 ° | 1830 13.89 | 2252 18.92
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Fig. 5 Comparison of buckling pressure for two
lamination patterns
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