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A Study on Design and Test for Composite Blade of Small Scale Wind
Turbine System

Changduk Kong, Johyug Bang, Jongha Park and Kyungwon Oh

Abstract

This study proposes a development for the 1-kW class small wind turbine system, which is
applicable to relatively low wind speed region like Korea and has the variable pitch control
mechanism. In the aerodynamic design of the wind turbine blade, parametric studies were carried out
to determine an optimum aerodynamic configuration which is not only more efficient at low wind
speed but whose diameter is not much larger than similar class other blades. A light composite
structure, which can endure effectively various loads, was newly designed. In order to evaluate the
structural design of the composite blade, the structural analysis was performed by the finite element
method. Moreover both structural safety and aerodynamic performance were verified through the

prototype test.
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Table 1 Aecrodynamic design result of 1kW class
wind turbine blade

Rated power 1 kW
Cut in wind speed 3.0 m/s
Rated wind speed 8.0 m/s
Cut out wind speed 25 m/s
Design tip speed ratio 6.0

Rated RPM 268 rpm
Blade number 3

Rotor diameter 342 m
Aerodynamic_profile FFA-W3-211
Blade root chord 253mm
Blade tip chord 73mm
Blade total twist 20.23 deg.

Fig. 1 Designed aerodynamic shape of 1kW

class wind turbine blade
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Table 2 Load case for structural design

Load Case Case I | Case II | Case 111
Reference wind speed | 8.0 m/s [25.0 m/s | 55.0 m/s
Gust condition Without | With Storm
(20 m/s, +40 deg.) | gust gust condition
Rotational speed 268 rpm | 300 rpm | Stop
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Fig. 2 Flapwise moment diagram for load case II

Fig. 3 Section view of the blade structure
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Table 3 Structural design results Table 4 Mechanical properties of materials used in the

present blades design

Station Thickness(mm)

(r/R) Upper surface l Lower surface Material Glass/Epoxy | Polyurethane
Root~0.1 10t/Skin 1.25t /Spar 7.00t( AL2024) Property Fabric Foam
0.1~0.2 | Skin 1.25¢/Spar 4.75t | Skin 1.25t/Spar 3.00t El (N/mm2) 10500 60.86
0.2~0.3 | Skin 1.25¢/Spar 3.75t } Skin 1.25t/Spar 2.25t E2 (N/mm2) 10500 59.86
0.3~0.4 | Skin 1.25¢/Spar 3.50t | Skin 1.25t/Spar 2.00t G12 (N/mm2) 1450 19.18
0.4~0.5 | Skin 1.25t/Spar 3.25t | Skin 1.25t/Spar 1.75t v 0.27 0.2
0.5~0.6 | Skin 1.25t/Spar 3.00t | Skin 1.25t/Spar 1.50t Xt (N/mm2) 283.9 2.63
0.6~0.7 | Skin 1.25t/Spar 2.50t | Skin 1.25t/Spar 1.25t Xc (N/mm2) 184.6 1.41
0.7~0.8 | Skin 1.25t/Spar 2.00t | Skin 1.25t/Spar 1.00t Yt (N/mm2) 283.9 2.49
0.8~0.9 | Skin 1.25t¢/Spar 1.50t | Skin 1.25¢/Spar 0.75t Yc (N/mm2) 184.6 141
0.9~Tip | Skin 1.25t/Spar 0.75t { Skin 1.25¢/Spar 0.50t S (N/mm2) 15.0 0.7

S (N/mm2) 1.705 0.1197
Ply thickness {mm) 0.25 12.5
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Fig. 4(a) Compression test specimen [ASTM D695} Table 5 Structural analysis result

Case of Analysis
Case I | Case Il | Case 1II
Analysis Result

Max. Stress Ten. 13.9 38.5 333
{Mpa] Com. 10.8 31.1 29.4
Max. Disp. [mm)] 52.84 | 151.0 123.2

Max. stress | Sy/allow | 0.053 0.165 0.162
failure Sy/allow | 0.027 0.089 0.095
critrion Syyfallow | 0.125 0.384 0.364

Tsai-Wu failure critrion | 0.035 0.217 0.205

Fig. 4(b) Tensile test specimen [ASTM D638}
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Fig. 6 First buckling mode shape and load factor
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Fig. 8 Eigenvalue test result

Table 6
predicted natural frequency

Comparison between measured and

Mode shape Analysis resusts| Test results
First Flap Mode 12.81Hz 11.72Hz
First Leadlag Mode 23.25Hz 21.09Hz
Second Flap Mode 42.77Hz 4131Hz

Table 7 Simulated design load for static test

Distance from R.C. Weight of the sand bag
0.9m 12kgr
1.2m 12kgr
1.6m 22kgr

Table 8
analysis results and the static test results

Comparison between the linear static

Item Analysis results | Test results
Tip displacement 131 mm 150 mm
U d |
Ppel and ToWEr 1 1297 Mpa | +27.0 Mpa
surface stresses at
-21.8 Mpa -16.9 Mpa

0.2 t/R station

Flatwise Moment Diagram for Load Case 11
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Fig. 9 Static strength test loads simulated by
three-point loading method
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Fig. 11 Aerodynamic test equipment
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Fig. 12 Comparison between aerodynamic analysis
result and test result
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