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ABSTRACT: The purpose of this study was to develop a buckling analysis technique for a windpower system structure under environmental
loadings (hydrostatic pressure) using FEM. We analyzed an isotropic material and composite material and made a comparison using buckling
pressure formulas. First, finite element analyses for an isotropic material (SC410) were performed to obtain the variation of buckling pressure for
the number of elements and boundary conditions in a pressure-shell model, and the numerical results were compared with those of existing
empirical formulas. Then, additional finite element analyses based on the results of the isotropic material (SC410) were performed to determine the
optimum lamination angle and pattern for a composite material (URN300). The results of the FE analyses for the composite material were also
compared with those of existing empirical formulas. The ply orientations (lamination angles) used in the FE analyses were 0°, 15°, 30°, 45°, 60°,
75°, and . The lamination patterns in the FE analyses were and . The lamination pattern was assumed to be the equivalent model of . The results
of the FE analyses for the isotropic material (SC410) indicated that the optimal values for the number of elements and the boundary conditions
were 6000 and both simply supported, respectively. The results of the FE analyses for the composite material (URN300) showed that the optimal
ply orientation was 60°~75°
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Fig. 1 Vacuum bag molding process
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Fig. 3 A typical in-plane shear stress-strain curve of URN300

Table 1 Material properties of a composite material, URN300

Property Symbol Value
Thickness(mm) T 0.15
E 360
Elastic modulus(GPa) E 5.10
Es 510
V12 0.28
Poission’s ratio 13 0.28
23 047
Gn 5.55
Shear modulus(GPa) G 5.55
e -
Xt 1140
Tensile strength(MPa) Yr 103
Zr 10.3
S 40
Shear strength(MPa) Si3 40
Sy -
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v E 8] 2 (Stress stiffness matrix), \, = iHA 17X oY & AAEASE, B 93k AAEAS Ee A
A W9 aLfH E ol ok 24 [(B)(E) 2 9™ F= AAA S (Design factor)o]™
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P, = K(E/F )(?0/ L)(t/[ 50)2'5 (L<1) ©) Material properties Numerical values
[1-0.45/D,)"’] Tensile yield strength(MPa) 400
P, =12(B/F)/(1—vw,)t/D,)* (L= L) @) Modulus of elasticity(GPa) 200

714 Dy= QEF Ao 9 7(Outside diameter), E1= Zn)a) Poisson’s ratio 0.29
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Fig. 6 Elastic buckling pressure with respect to the number of
meshes in a linear buckling analysis

Table 3 Comparison of the buckling pressure in the eigen buck-
ling analysis with 3-boundary conditions

buckling pressure(MPa)

Both simple support 4.09

Simulation| Simple-clamped support 410
Both clamped support 413

Classical formula 2.89
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Table 4 Comparison of buckling pressure for an isotropic cylind-

rical shell
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Table 5 Comparison of E; & E; for each stacking angles and

patterns
o Tensile modulus (GPa)
Lariunrgt;on D [£6/0/90]50s @ [=60/050/90s0]s
E; E, E; E;
0° 242 124 242 124
15° 169 124 169 124
30° 137 125 137 125
45° 128 128 128 128
60° 125 137 125 127
75° 124 169 124 169
90° 124 242 124 242

Table 6 Comparison of the buckling pressure for a composite
cylindrical shell between analyses and ASME equation

Analyses (MPa) ASME
Laminati 2001
on Angle @ [+6/0/90]s0s | @ [+Eo/0s0/0s0]s Fquation
linear Nonlinear| Linear Nonlinear (MPa)
0° 1.68 1.61 047 041 2.20
15° 1.95 1.89 0.61 0.54 1.81
30° 2.28 221 1.03 0.98 1.63
45° 259 25 1.79 1.72 1.6
60° 2.89 2.81 252 243 1.63
75° 277 2.69 2.85 2.76 1.81
90° 2.39 231 2.56 249 220
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Fig. 9 Comparison of the buckling pressure for a composite
material URN 300 between two lamination-patterns
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