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Abstract

In this paper, structural design for 2kW class composite blade is performed by using design of experiment(DOE). A full
factorial design is applied to meet the design specifications at the manufacturing process. The analysis of variance(ANOVA)
is made in order to determine the significance of effects in an analysis. Structural analysis by using of commercial software
ABAQUS is performed to compute the displacement and safety factor of filament wound composite blade. The results
show that the proposed method is suitable to analyze the factors at the design of wind turbine blade.
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Table 1 Basic performance of the designed blade

Rated power 2kW
Rated wind speed 10m/s
Rated RPM 200rpm
Rotor diameter 3.48m
N Number of blades 3
Cut-in speed 3.0m/s
Cut-out speed 22.4m/s
Base airfoil NREL S822

Fig. 1 Geometry of small wind turbine blade

Table 2 Aerodynamic forces according to wind speed

oo | ™™ Moo | vomm
4.9m/s 1383N 55.7Nm 13.4Nm
10mv/s 336.3N 132.1Nm 95.3Nm
14.8nvs 381.6N 139.5Nm 97.2Nm
20.2nv/s 517N 177.2Nm 93.7Nm
22.4nv/s 591.IN 198.1Nm 101.0Nm
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Table 3 Factors and levels of the experiment

Levels
Factors
1 2
Angle of skin +45° 90°
Upper spar angle +15° 90°
Lower spar angle +15° 90°

Table 4 Run order and stacking sequence

Run Order Angl.e of | Upper spar | Lower spar

skin angle angle

1 2 90° +15° +15°

2 7 +45° 90° 90°

3 4 90° 90° 115

4 3 +45° 9(° +15°

5 1 +45° +15° +15°

6 8 90° 90° 90°

7 6 90° +15° 90°

8 5 +45° +15° 90°
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Fig. 2 Displacement plot at run no. 5

Table 5 Analysis results for displacement [mm]

Run 1 2 3 4 5 6 7 8

534 11044 | 839 | 63.0 | 46.5 | 152.4| 859 | 64.0

displ.
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Fig. 3 Normal probability plot for displacement
Table 6 Analysis of Variance for displacement
SV DF MS Fo Fexpected, 95%
A 1 0.0012 65.30 161.00
B 1 0.0030 161,99* 161.00
C 1 0.0032 175.44* 161.00
AB 1 0.0002 10.97 161.00
AC 1 0.0002 12.16 161.00
BC 1 0.0004 2443 161.00
Residual 1 0.0002
Total 7

SV: Source of Variation, DF: Degree of Freedom, MS: Mean
Square
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Table 7 Analysis results for safety factor

Run 1 2 3 4 5 6 7 8

SF. ;289 | 3.18 | 2.15 | 438 | 473 | 1.24 | 2.53 | 4.32

Fail | Fail | Fail | Safe | Safe | Fail | Fail | Safe

........
(Ave: 75%)

15242-
+1.762e-
+0.0002+00
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o= 1.000

s,
U Deformation Scale Factor: +3,626¢+00

Fig. 6 Strength ratio plot at run no. 5§
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Fig. 7 Pareto chart for safety factor

Interaction Plot (data means) for Safety Factor
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Table 8 Natural frequencies of small wind turbine blade

Mode Frequency, Hz
No. [£45/+15/+15] [+45/90/+15] [45/£15/90]
1 12.285 10.746 10.586
2 47.437 41.542 41414
3 61.556 54.473 54.050
4 124.42 119.31 118.43
5 141.92 129.96 129.07
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Table 9 Lay-up sequence of composite blade

Thickness at Each Section (mm)
Name No Ply angle(®)
1 2 3 4 5 6 7 8 9 10
Skin i +45 2 1.8 1.8 1.6 14 14 1.2 1.0 0.8 0.8
2 90 0.5 0.5 0.4 0.4 04 0.3 0.3 0.3 0.2 0.2
Spar 3 +135 0.5 0.5 0.4 04 0.4 0.3 03 0.3 0.2 0.2
4 90 0.5 0.5 0.4 04 04 0.3 03 0.3 0.2 0.2
5 +15 0.5 0.5 0.4 0.4 04 0.3 0.3 03 0.2 0.2
oA S 0]E 2E HZHALE [245/90/+15)2 A6 (3) Hwang, B. S., Kim, B. G, Kim, S. K, Kim. J. B, Nam,
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