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Study on Structural Design of Glass/epoxy Composite Blade and
Tower of Vertical Axis Wind Turbine System

Hyunbum Park’

ABSTRACT: This study is to propose the structural design and analysis procedure about composite blade and tower of
vertical axis wind turbine technology. In this study, structural design of tower for vertical axis wind turbine was
performed after vertical blade design and manufacturing. The structural design requirement and specification of blade
and tower was investigated. After tower of structural design, the structural analysis of the tower was conducted by the
finite element method. It was performed that the stress, deformation and natural frequency analysis at the applied
loading. The design modification of tower configuration was proposed by structural analysis. It was confirmed that
the final designed tower structure is safety through the structural analysis.
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Table 1. System specification

Type Vertical axis wind turbine system
Rated power 3 kW
Rated wind speed: 12 m/s
ki
Working range Cut-out wind speed: 25 m/s
Diameter of rotor 3m
Number of blades Three
' A
4m

—3m——

Fig. 1. Designed aerodynamic configuration of 3kW class verti-
cal axis wind turbine blade
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Table 2. Structural load case

Load case Case 1 Case 2 Case 3
Wind speed 12 m/s 25m/s 55 m/s
Rotational speed | 300 rpm 400 rpm stop
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Table 3. Mechanical properties of glass/epoxy fabric composite

Longitudinal modulus 10,500 [MPa]
Transverse modulus 10,500 [MPa]
Shear modulus 1,450 [MPa]
Poisson ratio 0.27
Longitudinal tensile strength 283.9 [MPa]
Longitudinal compressive strength 184.6 [MPa]
Shear strength 15 [MPa]

Table 4. Stacking sequency of blade

Skin of Blade [45°/-45°/45°/-45°/45°/-45°/45"]
Spar of Blade [0°/90°/45°/-45 /09{)%(30{(]) /90°/0°/-45°/45°/

default_Fringe
Max 7.49+001 @Nd 5056

Fig. 2. Stress contour of blade structure [MPa]
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Fig. 4. Loading condition of tower
Table 5. Load analysis of tower
Load case Normal condition Storm condition
F, 144 N 3,025N
F, 8N 170 N
Fy 668 kg
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Fig. 5. Finite element modeling of tower

Fig. 6. Stress analysis result of load case 1 [MPa]
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Fig. 7. Displacement analysis result of load case 1 [mm]
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Fig. 8. Buckling analysis result of load case 1
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Fig. 9. Stress analysis result of load case 2
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Fig. 10. Displacement analysis result of load case 2
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Fig. 11. Buckling analysis result of load case 2

Fig. 12. Natural frequency analysis result (Mode 1, 2)
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Fig. 13. Campbell diagram of tower
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