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A Study on Design of 500W Class High Efficiency Horizontal Axis Wind
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Turbine System(HAWTS) Blade Using Natural Fiber Composites

Gwanglim Park*, Changduk Kong*’, Haseung Lee*, Hyunbum Park**

ABSTRACT: In this work, a structural design on 500W class horizontal axis wind turbine blade using natural-fibre
composite is performed. The structural design result of flax composite blade is compared with the result of glass
composite blade. The structural design of the wind turbine blade is carried out using the simplified methods such as
the netting rule and the rule of mixture. The structural safety of the designed blade structure is investigated through
the various load cases, stress, deformation and buckling analyses using the commercial FEM. The structural test of the
manufactured prototype blade was performed to confirm the structural analysis results including strains, natural
frequencies and deformations. According to the comparison results, it was confirmed that the analysis results are well
agreed with the experimental results.
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Table 1. System specification

Type Horizontal axis wind turbine system
P (HAWTS)

500W

Rated power

Rated wind speed: 8 m/s

Working range Cut-out wind speed: 20 m/s
Maximum survival wind speed: 55 m/s
Number of blades Three

Table 2. Aerodynamic design results of 500W class wind turbine

blade
Rated power 500 W
Rotor diameter 2.50 m
Blade root chord 149.208 mm
Blade tip chord 42.727 mm
Blade total twist 24.35 deg.
Airfoil DU 93-W-210

\\ A

Fig. 1. Designed aerodynamic shape of 500W class wind turbine
blade
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Table 3. Mechanical properties of thermosetting matrix materials ~ Table 4. Mechanical properties of 2-D fabric flax/vinyl ester spec-
Property Flax Hemp | Jute Sisal imen (Fiber volume fraction; 34%)

Density [g/cm’] 1.4 1.48 1.46 1.33 Test Institute Jeonnam Technopark

Tensile strength [N/mm?] | 800-1500 | 550-900 | 400-800 | 600-700 Test type Strength (MPa) Modulus (GPa)

Stiffness [kN/mm?] 60-80 70 10-30 38 Tension 76.74 9.14

Moist absorption [%] 7 8 12 11 Flexure 108.72 6.75

Cellulose [wt%] 71 65 72 69 In Plane Shear 36.19 1.66
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Table 6. Structural design results using flax fabric/vinyl ester

composites
Thickness (mm)
Station
Upper surface Lower surface
1 (Root) | Skin It Spar 5t Skin 1t Spar 5t
2 Skin 1t Spar 3t Skin 1t Spar 3t
3 Skin 1t Spar 3t Skin 1t Spar 3t
4 Skin 1t Spar 4t Skin 1t Spar 4t
5 Skin 1t Spar 4t Skin 1t Spar 4t
6 Skin 1t Spar 4t Skin 1t Spar 4t
7 Skin 1t Spar 4t Skin 1t Spar 4t
8 Skin 1t Spar 2t Skin 1t Spar 2t
9 Skin 1t Spar 1t Skin 1t Spar 1t
10 (Tip) Skin 1t Spar 1t Skin 1t Spar 1t
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Table 7. Comparison between glass analysis results and flax
analysis results

Glass Flax

Max. stress Ten. 68.7 19.3
(Mpa] Com. 25.5 11.6
Max. Disp. [mm] 166 76.9
Buckling load factor 1.2 3.09
Weight [kg] 1.3 1.5

S.E 4.3 4.49
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Table 8. Condition of injection port of glass

Infusion Pressure | 1bar | Fiber Permeability | 1.6e-10m?
Thickness 6 mm Resin Epoxy
Channel Area 5 mm? Resin viscosity 100 cP
Volume Fraction | 34% Resin gel time 300 sec

Table 9. Condition of injection port of flax

Injection Pressure | 1bar | Fiber Permeability | 4.6e-11m?
Thickness 6 mm Resin vinyl ester
Channel Area | 5 mm? Resin viscosity 100 cP
Volume Fraction | 34% Resin gel time 3000 sec

HollA] 7] F5S 5T 4 Pk A1 Poly-Worx
2 o) Bello|=e) gunt s TrEe] HYTYS ®

AFstsiet

47 $5 4 Foto] 95 Alrke] 917 % 7] 9
of o5t B Y ite] Qre R E, X FHATS o Zal 1
o] wieko @ 42759 9F2 T} 427 %) F-(Injection port)
o} W& (vent port)e] 913 @ 7|2 A s8], A1l
o) B AL ABAT) A IS AT 46e-
11m®| ¥ RIM 4:7] §5 s}42 S 2o 43 o

ﬁn} 10].

:I'LO"}“‘RIMOH HOH;QI%@_}_Z‘J%%E]/\D‘]O
o Uﬂ Table 80|t o}u}d-¢- & ] Table 99} Z+t}.
] O} 2 | barE 7|20 AHLFG] 9% )

bt

O

ol

5.3 sjMzn o 745
2 Aol = AR5 Es AA Zﬂ
& 4 3}9} Poly-worx %E 3t Al &

o v
Poly-wors #1412 124 215k o} % bt 1 4

o AlEe A

Fig. 9. Flow analysis result of glass blade
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Fig. 10. Flow analysis result of flax blade

Table 10. Injection time of analysis and manufacture

Injection Dr Analysis Manufacture

Pressure ach Injection time| Injection time
(bar) P (sec) (sec)
Glass 1 be 596 768
Flax 1 X 1620 1850
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Fig. 11. First blade prototype

Table 11. Comparison of natural frequencies between analysis
results and test results

Mode shape Analysis results | Test results
First flap mode[HZ] 12.885 13.034
First leadlag mode[HZ] 38.105 44818

Flapwise moment diagram
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Fig. 12. Static strength test loads simulated by three-point load-
ing method
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Fig. 13. Strain data during upper structural test
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Fig. 14. Strain data during lower structural test

Table 12. Comparison between static analysis and test results

Analysis results| Test results
Displacement 76 mm 72 mm
Strain upper 396uS 355uS
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