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Aerodynamic and Structural Design for Medium Size Horizontal
Axis Wind Turbine Rotor Blade with Composite Material

C.D. Kong®, JH.Bang", D.W.Oh', KB.Kim’, HB. Kim”, J.S. Kim™ and J.Y. Ryu™

ABSTRACT

Nowadays, non-pollution energy sources have been strongly needed because of the
exhaustion of fossil fuels and serious environmental problems. Because wind energy can be
enormously obtained from natural atmosphere, this type of energy has lots of advantages in
a economic and pollution point of view. This study has established the aerodynamic and
structural design procedure of the rotor blade with an appropriate aercdynamic performance
and structural strength for the 500KW medium class wind turbine system. The aerodynamic
configuration of the rotor blade was determined by considering the wind condition in the
typical local operation region, and based on this configuration aerodynamic performance
analysis was performed. The rotor blade has the shell-spar structure based on glass/epoxy
composite material and is composed of shank including metal joint parts and blade.
Structural design was done by the developed design program in this study and structural
analysis, for instance stress analysis, mode analysis and fatigue life estimation, was
performed by the finite element method. As a result, a medium scale wind turbine rotor blade
with starting characteristics of 4m/s wind speed, rated power of 550 KW at 12m/s wind
speed and over 20 years fatigue life has been designed.
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Fig. 2 Annual power density with variation
of rated wind speed
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Table. 2 Aerodynamic force{Share force)

skiu

Aerodynamic Force (Share Force)
[Unit : KN]
Station
Normal |20 m/s |30 m/s | 65 m/s
Running | Gust Gust | Storm
0.2 L19 3.92 576 21.31 Fig. 5 Structural design of rotor blade
0.3 2.68 4.83 7.56 19.48
04 | 302 | 553 | 883 | 1800 composile Sted
05 357 6.27 995 | 16.34 {\
06 | 414 | 700 | 1072 | 1469 Y /W 7
07 | 465 | 740 | 1086 | 1303 N AL _i:
0.8 5.04 7.73 10.89 11.37
09 | 52 | 786 | 1079 | 972 T dR
1.0 054 0.78 1.06 0.88
Fig. 6 Structural design of hub (from root to 0.1R)
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Table. 4 Result of structural analysis

Analysis Max. Stress | Max. | Max.
Result ) .
c (Mpa) Disp. | Dist.
ase (m) | (deg)
of Analysis Ten. | Com. m €g
12 m/s 39.0 | 403 15 1.2
20 m/s 611 ] 668 { 2.33 1.94
30 m/s 83| 978 | 3.25 2.6
65 m/s 103.7 1 1188 | 3.44 -
Table. 5 Failure criterion
Fait . .
Cri?;rlilgi Maximum Stress Tfal Tfal
Case of
Analysis Syy/allow Wu | Hill
12m/s 0.13 (SF. 7.7) | 0.03 | 0.12
20m/s 0.216 (S.F. 46) | 0.08 | 0.19
30m/s 0316 (S.F. 32) | 017 | 0.27
65m/s 0.384 (S.F. 26) | 027 | 0.33
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Fig. 12 Mesh generation of blade

Fig. 13 Mesh generation of tower
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Fig. 14 Stress analysis result
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Fig. 15 Displacement analysis result
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