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Study on a 500W Class Wind Turbine using a High Efficiency

Composite Blades
Changduk Kong*, Suhyun Choi** and Hyunbum Park**

ABSTRACT

Recently, the wind energy has been widely used as a renewable energy resource due to
lack and environmental issues of the mostly used fossil fuel. This work is to develop a
500W class small wind turbine blade which will be applicable to relatively low speed
region like Korea and for the domestic use. For this blade a high efficiency wind turbine
blade was designed with the proposing aerodynamic design procedure, and a light and
low cost composite structure blade was designed considering fatigue life. Structural
analyses including load case study, stress, deformation, buckling and vibration analysis
were performed using the Finite Element Method. The fatigue life was estimated using the
load spectrum analysis and the Miner rule. In order to evaluate the designed blade, the
structural and aerodynamic performance tests were carried out, and the test results were
compared with the analysis results.
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Aerodynamic Design

Design Analysis
Modification

Subscale Model Aerodynamic
Test

Analysis by FEM Design
Modification

Blade Manufacture

Structural Test

Load Analysis
Evaluation of Structural

Safety & Fatigue Life

Finalization of Design

Fig. 1. Flow of aerodynamic and structural
design
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Table 1. Aerodynamic design results of small
wind turbine blade

Rated power 500W
Rotor radius 1230mm
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. 2. Blade aerodynamic configuration
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Fig. 4. Power Coefficient vs. Tip Speed Ratio
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Fig. 3. Airfoil shape and aerodynamic
characteristics of DU 93-W-210
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Table 2. Load cases for structural design

Table 3. Structure design resulis

Load case Case 1| Case 2 | Case 3 Thickness(mm)
Reference Station(r/
. 8m/s 20m/s | 55.0m/s R)
wind speed Upper surface Lower surface
Gust condition | without | with storm Root™0.1 | Skin1.00t | Spar675t | Skin1.00t | Spar6.75t
( £20m/s, +40°) gust gust
' 0.170.2 | Skin1.00t | Spar2.25t | Skin1.00t | Spar2.25t
Rotational speed | 433rpm | 1069rpm stop
02703 | Skin1.00t | Spar2.7t | Skin1.00t | Spar2.7t
Flapyise moment dilagram 03704 | Skin1.00t | Spar3.15t | Skin1.00t | Spar3.15t
=00
40 - 04705 Skin1.00t Spar3.15t Skin1.00t Spar3.15t
400 \
= 3E0
£ soo \\\ 0.570.6 Skin1.00t Spar3.15t Skin1.00t Spar3.15t
'ﬁ 2E0
5 coo
=R . 0.670.7 Skin1.00t | Spar3.15t | Skin1.00t | Spar3.15t
100 \\-
o e - ) )
o — 0.770.8 Skin1.00t Spar1.35t Skin1.00t Spar1.35t
1 2 <] 4 = (-] 7 =) -] 10
station 0.870.9 | Skin1.00t | Spar0.45t | Skin1.00t | Spar0.45t
Fig. 6. Moment diagram for Load Case 2 09710 | Skin1.00t | Spar0.23t | Skin1.00t | Spar0.23t
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Fig. 7. Stress analysis result of load case 2
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Fig. 10. Stress analysis result for cyclic load
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Fig. 8. Displacement analysis result of load Fig. 11. Buckling analysis result for load case 2
case 2 (1st: First flap mode, 2nd: First leadlag mode)
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Table 4. Structure analysis results

Case 2
Max. stress Ten. 68.7
[Mpal] Com. 255
Max. Disp. [mm] 166
natural frequency(Hz)
22.034
(First flap mode) 0
Buckling load factor
1.207:
(First buckling mode) 073

60 o

%7 First leadlag mode [44.818Hz]

404

30

Hz

First flap mode [22.034Fz]
20 7

T T T
200 300 400 500
R.P.M

Fig. 13. Campbell diagram for load case 2
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Fig. 15. First prototype blade
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Fig. 16. Equipments for structure test

Table 5. Comparison between the static
analysis results and the test results

Analysis Test
ltem
result result
Stress 29.1MPa 27 AMPa
Tip displacement 166mm 152mm
1st flap mode 22.034Hz 25.02Hz
1st leadlag mode 44 818Hz 46.08Hz
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Table 6. The result of aerodynamic test
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Fig. 21. Comparison between aerodynamic
test result and analysis result
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