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ABSTRACT

Wind turbine blades represent a key component of wind turbines, which extract energy from the wind. In the
present study, the structural design of a small wind turbine blade is undertaken using a numerical analysis. The
reliability of numerical results is verified through a comparison with the full-scale structural test data of a
current blade. To modify the blade design, the blade was divided into several sections and the effect of the
thickness of each section was investigated in a numerical analysis. Finally, the modified blade was designed with

a lightweight and high-strength.

Key Words : Small Wind Turbine Blade(28 ZHUME Z2|0|E), Structural Analysis(T-Z35H4Y), Structural
Design(TZ=47|), Composite Blade(S &A= S&0|E)
1. A 2
ZYLHE Eol=(wind turbine blade)E Wl FHPH Yo =3I, MAE Beolzel <t
o EFAUAE 7IAA IAAANIAR ®3stS Y 9 723 AR AF5E Sdstd #4d A
HAZIE TS5 g4 FEelth ol2d &9 T2 IEC 61400-2M0 4 FFAste A Fx
olze] FRAEE+= HIZ}FE(specific strength), Hl A @ (full scale structural test)o] =3 © >0
7 (specific stiffness) ® HZEH Fo|l 53t B dFoA= 7129 A¥IHELH7E Sl
EdAET FE AMSHI o, VB FEE T FxA HAe S A% FxIAHE 5T
o] F-o] E3(skin), W2 ZI(spar), F(foam) & AANAE FHATE WA AR FERAY 2
o2 FAAY. EHolse v ZWE, HEH Hote] HuE Fale] PR Ao AHAES
BERE, =, A" 9 oAy 7 &5 d- Aseta, AAMAE st Edol=e %Y
58 dAFoF s, olF st FHaAH 2 205 2 QY FdYgor FESIE 4 499
(finite element method)& ©]-&3 FZ3]4o] wol FAC e wIFEE BAsAT B4 AHAE
Hgto 2 7| Egolmrit AR, 3dE
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Fig. 1 Geometry of small wind turbine blade
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Fig. 2 Thicknesses of small wind turbine blade
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Fig. 3 Schematic diagram of bending
experiment

1800

Load [N]
—e—592.9

1600

2400 +—1068.2

e 15033

19404

1000 ——2439.0

—s—30419

Displacement [mm)]
g
g

——3363.4

2
2

—e—40474
——4157.2
—e—18216
—+—5462.5

——5650.7
0 500 1000 1500 2000 2500 3000 3500 4000
Distance from root [mm]

Fig. 4 Deformation of blade under increasing
loads
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Table 1 Mechanical properties of FRP

Property Unit Value
Young’s modulus GPa 10.6
Poisson’s ratio - 0.3
Tensile strength MPa 232.8
Density kg/m’ 2100

Fig. 5 Simplified geometry and
generated meshes of the blade
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Fig. 6 Stress ratio results of the blade
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Fig. 7 Deformation results of the blade
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Fig. 10 Segmentation of the blade

Table 2 Area of each segment

Components Area (m)
Region 1 0.366
Region 2 0.240
Region 3 1.679
Spar 1 0.173
Spar 2 0.213
Spar 3 0.110
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Table 3 Effect of skin thickness

Table 4 Effect of reinforcement at root region

Tskin (mm) Pa (N) W (kg) Pa/W ATregiou Tregion 1 Tregionl Tregion 3 Pa (N) W (kg) Pa/W
5.00 1253.76 24.00 95.42 1.00 | 8.00 | 7.00 | 6.00 [4157.04| 30.57 | 135.97
6.00 1601.94 28.80 101.60 2.00 [10.00| 8.00 | 6.00 [5393.81| 32.35 | 166.72
7.00 1935.72 33.60 105.23 3.00 {12.00] 9.00 | 6.00 |6592.33| 34.13 | 193.16
8.00 2274.12 38.39 108.17
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Fig. 12 Effect of reinforcement at root region on the
Fig. 11 Effect of skin thickness on the allowable
load per weight
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Table 5 Effect of spar 1 thickness

Table 8 Modified thickness(mm) of blade

Tspar 1 (Mm) P, (N) W (kg) PJ/W Region 1|Region 2 |Region 3| Spar 1| Spar 2 | Spar 3
4.00 3150.99 30.25 104.16 9 7 5 - 6 -
6.00 3245.70 30.98 104.77
8.00 3317.75 31.71 104.63 g AAbe we R FRIHs s,

3% 40474NoIA 2] BElol=o] Suel Wy F
. < Fig. 14, 159 Z+ZF YAt
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Table 7 Effect of spar 3 thickness olgk 2= 9t}

Topar3 (mm) | Pu(N) W (kg) Py/W B o™
4.00 3263.31 29.72 109.80 ] s
6.00 3301.56 30.18 109.39 B oo
8.00 3329.78 30.64 108.66 At i
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