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Investigation on Design and Impact Damage for a 500W Wind Turbine Composite
Blade

Chang-Duk Kong™, Su-Hyun Choi’, Hyun-Bum Park’, and Sang-Hoon Kim"

ABSTRACT

Recently the wind energy has been alternatively used as a renewable energy resource instead of the mostly
used fossil fuel due to its lack and environmental issues. This work is to propose a structural design and
analysis procedure for development of the 500W class small wind turbine system which will be applicable to
relatively low speed region like Korea and for the domestic use. The wind turbine blade was performed
structural analysis including stress, deformation, buckling, vibration and fatigue. In addition, the blade should be
safe from the impact damage due to FOD(Foreign Object Damage) including the bird strike. MSC.Dytran was
used in order to analyze the bird strike penomena on the blade, and the applied method Arbitrary
Lagrangian-Eulerian was evaluated by comparison with the previous study results. Finally, the structural test
was carried out and its test results were compared with the estimated results for evaluation of the designed
structure.
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Fig. 1 Flow of aerodynamic and structural design.
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Fig. 2 Blade aerodynamic configuration.

Table 1 Aerodynamic design results of small wind turbine blade

Rated power 500W
Rotor radius 1230m
Blade root chord 149.208mm
Blade tip chord 42.727mm
Blade total twist 24.353deg
Airfoil DU 93-W-210
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Fig. 3 Power Coefficient vs. Tip Speed Ratio.
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Fig. 4 Power of aerodynamic analysis.
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Table 2 Load cases for structural design

Load case Case 1 Case 2 Case 3
Reference
. 8m/s 20m/s 55.0m/s
wind speed
Gust condition without with
storm
(£20m/s, +40°) gust gust
Rotational speed 433rpm 1069rpm stop
500 Flapwise moment diagram
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Fig. 5 Moment diagram for Load Case 2.

Table 3 Mechanical properties of materials used in the present blade

design
Glass/Epoxy Fabric  Polyurethane Foam
Ex[N/mm?] 10500 60.86
Ez2[N/mm?] 10500 59.86
Go[N/mm?] 1450 19.18
v 0.27 0.2
X[N/mm?] 283.9 2.63
X[N/mm?] 184.6 1.41
Y. [N/mm?] 283.9 2.49
Y [N/mm?] 184.6 1.41
S[N/mm?] 15.0 0.71
S[N/mm?] 1.705 0.1197
Ply thickness[mm] 0.25 125
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Table 4 Structure design results

Thickness(mm)
Upper surface Lower surface

1 Skin1.00t Spar6.75t Skin1.00t Spar6.75t

2 Skin1.00t Spar2.25t Skin1.00t Spar2.25t

3 Skin1.00t Spar2.7t Skin1.00t Spar2.7t

4 Skin1.00t Spar3.15t Skin1.00t Spar3.15t

5 Skin1.00t Spar3.15t Skin1.00t Spar3.15t

6 Skin1.00t Spar3.15t Skin1.00t Spar3.15t

7 Skin1.00t Spar3.15t Skin1.00t Spar3.15t

8 Skin1.00t Sparl.35t Skin1.00t Sparl.35t

9 Skin1.00t Spar0.45t Skin1.00t Spar0.45t

10 | Skin1.00t Spar0.23t Skin1.00t Spar0.23t
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Fig. 6 Stress analysis result of load case 2.
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Fig. 7 Displacement analysis result of load case 2.
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Fig. 9 Stress analysis result for cyclic load.
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Fig. 13 Comparison between the reference result and the analysis result.

Table 7 Properties of the blade and the bird

Skin Bird
Density(Kg/m®) 1780 950
Bulk modulus (pa) 6.55e9 ~ 11.14e9 2.2e9
Poisson’s ratio 0.31 ~ 0.46
Yield stress (Pa) 3.08e8
Thickness (m) 0.00235 ~ 0.0085
Diameter (m) 0.03
Length (m) 0.06
Mass (Kg) 0.079
Initial velocity (m/s) 55m/s
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Table 8 The result of bird strike
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Fig. 14 Modeling for bird strike.

Fig. 15 ALE coupling between Euler mesh and Lagrange mesh.
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Fig. 17 Bird deformation according to time.
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Fig. 18 Stress result of the bird strike analysis.
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Fig. 19 Displacement result of the bird strike analysis.
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Fig. 20 Lay-up process on the mold.

Fig. 21 First prototype blade.
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Fig. 22 Static strength test loads simulated by three-point loading method.
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Fig. 23 Equipments for structure test.

Fig. 24 Static test of the prototype blade.
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Fig. 26 Eigenvalue test result.

Table 9 Comparison between the static analysis results and the test results

Item Analysis result Test result
Stress(0.3R from root) 29.1MPa 27.4MPa
Tip displacement 166mm 152mm
1st flap mode 22.034Hz 25.02Hz

1st lead-lag mode 44.818Hz 46.08Hz
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Fig. 27 Equipment for the blade performance test

Fig. 28

Operating wind turbine system.
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Table 10 The result of aerodynamic test
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Fig. 29 Comparison between aerodynamic test result and analysis result.
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