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Structural Optimization for Small Scale Vertical-Axis Wind Turbine
Blade using Response Surface Method
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ABSTRACT

The purpose of this paper is to perform the structural design of the small scale vertical-axis wind turbine (VAWT) blade
using a response surface method(RSM). First, the four design factors that have a strong influence on the structural response
of blade were selected. Analysis conditions were calculated by using the central composite design(CCD), which is a typical
design of experiment for the response surface method(RSM). Also, the significance of the central composite design(CCD) was
verified using analysis of variance(ANOVA). The finite element analysis was performed for the selected analytical conditions
for the application of response surface method(RSM). Finally, a optimization problem was solved with a objective function of

blade weight and a constraint of allowable stress to achieve a optimal structural design of blade.
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Table 2 Specifications for small scale VAWT Blade

Rated power 3kW
Cut-in wind speed 3m/s
Rated wind speed 10m/s
Cut-out wind speed 25m/s

Rated rotational speed 200rpm
Clamping thickness 16mm
Height of the rotor 3000mm
Radius of the rotor 1500mm

Safety factor 3.3
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Fig. 1 Geometry of small scale VAWT Blade
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Fig. 2 Details of the VAWT Blade structure
Table 3 Initial structural variables and analysis results
Shear web | Spar cap |Shear web|Shear web Str Weigh
thickness, «, thickness, ,|position, z,|spacing, z, ess t
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Table 4 Central Composite Design of design matrix
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of 1, 23} 9 WEAFge| Fulo] RelabA AT 4
o] B ARSI o 9K Error term)e] -9~ Table

Shear web | Spar cap | Shear web | Shear web
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| o) | (o) | o) | e 937} glew] ofue] 34 $19187 4l (Regression
! = = 2006 & equation)©] ZHAG: R 95.45%2 Beflo| =0 Zgahe
: - : - $ee s Ak I 4 e,
:31 z ”; :22 ﬁ Table 5 ANOVA results of the stress
6 3 2 56.06 45 DF |Seq SS| Adj SS [Ad MS| F P
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8 3 3 66 4‘? z, 1 {97.72800| 97.72800 | 97.72770 |163.70000| 0.00000
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25 2.5 2.5 46.06 50 Table 6 ANOVA results of the weight
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Fig. 5 Sensitivity analysis on the stress Fig. 6 Sensitivity analysis on the weight
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