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Abstract

In this work, a manufacturing and structural test of 1kW class horizontal axis wind turbine blade using
natural-fiber composite was performed. The aerodynamic design of blade was performed after investigation on
design requirement. The structural design load was investigated after aerodynamic design of blade. And also,
structural design of blade was carried out. The structural design of blade was carried out using the simplified
methods such as the netting rule and the rule of mixture applied to composite. The structural safety of the
designed blade structure is investigated through the wvarious load cases, stress, deformation and buckling
analyses using the FEM method. Finally, the blade manufacturing and structural test using natural composite
was carried out.
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Fig. 1 Weaving configuration of flax composite
fabric

Table 1 Mechanical properties of glass/epoxy
laminate and flax/epoxy laminate
Material Glass/epoxy | Flax/epoxy
Property Fabric Fabric
Elastic modulus
[MPal 10,500 9,200
Shear modulus [MPal 1,450 2,070
v 0.27 0.4
Tensile strength 983 120
[MPal
Compressive strength 184 90
[MPal
Shear strength [MPal 15 38
Density [g/cm’] 1.87 1.43
Ply Thickness [mm] 0.25 0.70

Fig. 2 Designed aerodynamic configuration of wind
turbine blade

Table 2 Aerodynamic design results of small wind
turbine blade

Rated power 1 kW
Rotor diameter 3 m
Blade root chord 144 mm
Blade tip chord 65 mm
Blade total twist 23 deg
Airfoil NACA 632-615
T2 AAE S Beol=el A8t dFe 2
3%, AARTel F FFoE Agh YNAFL
FE 8& AN WANA T2 4 Bl 0SS
aHs HES F loma ALty ojordd st F
Hetg o2 Table 33 22 3t A& Aossith
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Table 3 Load

cases for structural design

Load case Case 1 Case 2 Case 3
Ref
.e erence 12.8m/s | 30.0m/s | 55.0m/s
wind speed
Gust condition without with
storm
(+20m/s,+40 ) gust gust
Rotational speed | 500rpm | 800rpm stop
Table 4 Structural design results (glass/epoxy
composite)
Statio Thickness(mm)
n Upper surface Lower surface
1 Skin 1.25t | Spar 7.00t | Skin 1.25t | Spar 7.00t
(Root)
2 Skin 1.00t | Spar 4.75t | Skin 1.00t | Spar 3.00t
3 Skin 1.00t | Spar 3.50t | Skin 1.00t | Spar 2.00t
4 Skin 1.00t | Spar 3.25t | Skin 1.00t | Spar 1.75t
5 Skin 1.00t | Spar 3.00t | Skin 1.00t | Spar 1.25t
6 Skin 1.00t | Spar 2.75t | Skin 1.00t | Spar 1.25t
7 Skin 1.00t | Spar 2.25t | Skin 1.00t | Spar 1.00t
8 Skin 1.00t | Spar 2.00t | Skin 1.00t | Spar 1.00t
9 Skin 1.00t | Spar 1.50t | Skin 1.00t | Spar 0.75t
(%i?)) Skin 1.00t | Spar 0.75t | Skin 1.00t | Spar 0.50t
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Fig. 3 Stress analysis result of glass/epoxy
composite blade at load case 2
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Fig. 4 Deformation of glass/epoxy composite blade
at load case 2



ol A B 72 Y AT 33

12005 05-Sep07 223650
2RPSANAL A2Made 1 Factor = 5.4075, Eigenvect

tors, Translatons,

[

Fig. 5 First buckling mode shape and load factor at

load case 2
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Fig. 6 Stress analysis result of flax/epoxy composite
blade at load case 2
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Fig. 7 Deformation of flax/epoxy composite at load
case 2
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Fig. 8 First buckling mode shape and load factor at

load case 2
Table 5 Structural design results (flax/epoxy
composite)
Thickness(mm)
Station
Upper surface Lower surface
(R(}ot) Skin 2.80t | Spar 9.80t | Skin 2.80t |Spar 9.80t
2 Skin 1.40t | Spar 6.30t | Skin 1.40t |Spar 4.20t
3 Skin 1.40t | Spar 4.90t | Skin 1.40t |Spar 2.80t
4 Skin 1.40t | Spar 4.20t | Skin 1.40t |Spar 2.80t
5 Skin 1.40t | Spar 4.20t | Skin 1.40t |Spar 2.80t
6 Skin 1.40t | Spar 3.50t | Skin 1.40t |Spar 2.80t
7 Skin 1.40t | Spar 3.50t | Skin 1.40t |Spar 1.40t
8 Skin 1.40t | Spar 2.80t | Skin 1.40t |Spar 1.40t
9 Skin 1.40t | Spar 2.10t | Skin 1.40t |Spar 1.40t
1.0 Skin 1.40t | Spar 1.40t | Skin 1.40t |Spar 1.40t
(Tip)
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(b) Resin injection process

Fig. 9 Manufacturing process of prototype blade

(a) Strain gage bonded to the blade

(b) Static test of the blade

Fig. 10 Structural test of prototype blade
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