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Buckling Analysis of Filament-wound Composite Towers
for Large Scale Wind-Turbine

Jeong-Young Han* and Cheol-Hyun Hong*
*Pusan Educational Center for Computer Aided Machine Design, Pusan National University, Busan, Korea
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ABSTRACT: The purpose of this study was to investigate the buckling load of filament-wound composite towers for large scale wind-turbines
using the finite element method (FEM). To define the material properties, we used both the effective property method and stacking properties
method. The effective properties method assumes that a composite consists of one ply. The stacking properties method assumes that a composite
consists of several stacked plies. First, a linear buckling analysis of the tower, filament-wound with angles of [+ 30], was carried out using the two
methods for composite material properties: the stacking method and effective method. An FE analysis was also performed for the composite towers
using the filament winding angles of [+ 30], [+ 45], and [+ 60]. The FE analysis results using the stacking properties of the composite were in good
agreement with the results from the effective properties method. The difference between the FEM results and material properties method was
approximately 0~2.3%. Above the angle of [£60], there was little change in the buckling load.
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[K] : Stiffness matrix, [S]
A, @ ith eigen value, ¥,

i

: Stress stiffness matrix,

: ith eigen vector of displacement
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Table 1 Dimensions of the tower

Dimension Symbol Value (mm)
H1 8900
. H2 14600
Height H3 22400
H4 31000
T1 45
. T2 30
Thickness - 20
T4 15
. D1 4200
Diameter D 3000
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Table 2 Material properties of T700
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Material T700
. El 120.7
Elastic modulus
(GPa) E2 85
E3 85
GI12 3.4
Shear modulus
(GPa) G23 2.7
G13 34
v12 0.253
Poission’s ratio v23 0.421
v13 0.253

Table 3 Material properties of [+30], [+45], [+60] by the effective

method
Angle [+30] [+45] [+60]
] El 37.90 12.20 828
Elastic modulus 8.28 1220 379
(GPa)
E3 933 10.00 933
G12 24.4 314 24.4
Shear(GT)Zf“lus G23 285 3.02 318
G13 318 3.02 2.85
v12 147 0.82 032
Poission’s ratio v23 0.29 0.07 -0.22
v13 0.2 0.07 0.29
ELEMENTS AN
1[N] /
All DOF fixed

Fig. 4 Boundary conditions of the tower for FE analysis
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Table 4 Cases of buckling analysis according to number of layers

Case [-30] [+30] [£30] Remarks
1 - - 1 Effective
2 1 1 - Stacking
3 2 2 - Stacking
4 4 4 - Stacking

Table 5 Cases of buckling analysis of [+30], [+45], [+60]
according the property method

Case Angle No. of layers Remarks
1 1 Effective

[+30] .
2 8 Stacking
3 1 Effective
[+45] .
4 8 Stacking
5 1 Effective
[+60] .
6 8 Stacking

Table 6 Results of buckling analysis according to number of layers

Angle [£30]
Method  Effective Stacking
Number of
stacking 2 4 8
Buckling Error Error Error
Value Value —,. Value ., Value

load[KN] %) %) %)
1st 256 9189 07 9254 001 9260 0.06
2nd 16079 1164 275 15533 34 1597 0.7
3rd 19141 11659 391 18203 49 189435 11
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Fig. 5 Variation of buckling load according to number of layers
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Fig. 6 Buckling modes of the tower
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Table 7 Results of buckling analysis according to stacking angle of [+30], [+45], [+60]

Material [£30] [+45] [x60]
Method E(*) S(*%) Error(%) E S Error(%) E S Error(%)
st 9256 9260 0.06 2986 2985 0.04 2023 2022 0.06
(EIC\% 2nd 16079 15967 0.70 12781 12535 1.92 13096 13092 0.03
3rd 19141 18935 1.08 16787 16413 223 13505 13331 1.29

(*): Effective method, (**): Stacking method
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