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A Study on Structural Design and Test of 500W Class Micro Scale Composite Wind
Turbine Blade
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ABSTRACT

The purpose of the present study is to design a 500W-class micro scale composite wind turbine blade. The
blade airfoil of FFA-W3-211 was selected to meet Korean weather condition. The skin-spar—foam sandwich type
structure was adopted for improving buckling and vibration damping characteristics. The design loads were
determined at wind speed of 25m/s, and the structural analysis was performed to confirm safety and stability
from strength, buckling and natural frequency using the finite element code, NISA 1I [6]. The prototype was
manufactured using the hand-lay up method and it was experimently tested using the sand bag loading method. In
order to evaluate the design results, it was compared with experimental results. According to comparison
results. the estimated results such as compressible stress, max tip deflection, natural frequency and buckling

load factor were well agreed with the experimental results.
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Table 1 Aerodynamic design results of 500F class
wind turbine blade
Rated power S00W
Cut-in wind speed 3.0 m/s
Rated wind speed 10.0 m/s
Cut-out wind speed 25 m/s
Design tip speed ratio 6.6
Rated rotational speed 400 rpm
Number of blade 3
Rotor diameter 252 m
Aerodynamic profile FFA-W3-211
Blade root chord 158 mm
Blade tip chord 44mm
Blade total twist angle 7.28
T AA19 BN FE 1HHE e 3}
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Table 2 Load case for structural design
Load Case Case 1 Case Il | Case III
Reference wind speed 10.0 m/s |25.0 m/s|55.0 m/s
Gust condition Without With Storm
( £20 m/s, £40° ) gust gust | condition
Rotational speed 400 rpm  |450 rpm| Stop
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Fig. 1 Skin-spar—-form sandwich type structure blade
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Table 3 Structural design results of blade

Station Thickness (mm)
(r/R) Upper surface | Lower surface
RT0.1 10t / Skin 1.25t / Spar 7.00t
0.170.2 | Skin 15t/Spar 6.25t | Skin 1.5t/Spar 6.25t
02703 | Skin 1.5t/Spar 6.25t | Skin 1.5t/Spar 6.25t
03704 | Skin 15t/Spar 625t | Skin 1.5t/Spar 6.25t
04705 | Skin 15t/Spar 500t | Skin 1.5t/Spar 5.00t
0570.6 | Skin 1.5t/Spar 5.00t | Skin 1.5t/Spar 5.00t
0.6~0.7 | Skin 1.5t/Spar 5.00t | Skin 1.5t/Spar 5.00t
0.7708 | Skin 1.5t/Spar 2.75t | Skin 1.5t/Spar 2.75t
08709 | Skin 1.5t/Spar 2.75t | Skin 1.5t/Spar 2.75t
0.9~ Tip| Skin 1.5t/Spar 2.75t | Skin 1.5t/Spar 2.75t
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Table 4 Structural analysis results
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Case of analysis

Case II
Analysis result

Max. stress Ten. 10.07
[Mpal] Com. 10.06
Max. disp. [mm] 88.82
Max. stress | Sxx/allow 0.054
failure Syy/allow 0.013
criterion Sxy/allow 0.047

Fig. 2 Stress analysis result of load case II
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Fig. 4 First flap mode shape and frequency
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Fig. 5 First buckling mode shape and load factor at
load case I1I
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Fig. 6 First blade prototype
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(b) FFT analysis results
Fig. 7 Eigenvalue test result

192



ARtz ANEE 43l
d AFeFoer BAL E
¢} 3= AE 0.2, 0.5

A8l Fi

747}o] A=l E)
, 0.7, 0.9mol
14, 16kgS ARE3IT). Fig. 9% +%
ol=Z UehyH Table 5= o]& -

$as o4 ARE und gow

2A]3 %0l .dgﬂ

i=)
29 A §
=

g. 83} 0] 4

s

ziz); 5, 11.5,

& 9A e

Fig. 9 Static test of the prototype blade

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

Analysis
Item Test results
results
Tip deflection 89 mm 98 mm
Upper and lower
+10.07 Mpa +10.0 Mpa
surface stresses at 0.2
-10.06 Mpa -10.4 Mpa

/R station
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