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ABSTRACT Due to the need to develop clean and environmentally friendly energy sources, there is a growing interest in wind energy.
In this study, reliability-based weight optimization considering material uncertainty for composite wind turbine blade was investigated.
Deterministic design optimization was performed. Reliability-based design optimization was performed and compared with their
results. From the numerical analysis results, deflection, safety factor, and blade thickness were calculated to evaluate the total weight
of the composite blade. For optimization, design variables were chosen as ply thickness of blade and the objective function was chosen
as weight. The reliability-based design optimization takes into account the uncertainty of the matrix and fiber of composite material
properties. From the deterministic and reliability-based optimization results, the effects of design variables on objective function were

investigated.
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Fig. 1. Skin, spar, and foam of composite wind turbine blade™
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Find xi, xo

to Minimize Weight

subject to Gi(xi, x2) <150
Go(x1, x2) > 3 )]
Ga(x1, x9) > 0.1

Table 1. Equivalent material properties for skin and spar[zl

Material Property Value
Ex 36.29 GPa
E=E, 4.49 GPa
Gyy=GCxs 1,67 GPa
Gy 1,76 GPa
Viy=Vz 0.29
Vyz 0.27
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where, xi; ply thickness of skin, A A AREE 7]HH-S Evolutional optimization®]t},
Xo; ply thickness of spar, AAHSS] 27] 730l A~719) A&=57=1,00mm, ATk9]
Gi(x1, x9) = max. deflection, AZZ7)= 0.50mmE ARSIt Fig 2= 22k AAH
Ga(x1, x2) = min, safety factor, 2 BAE Az Ao dist 2|3} 2ol = L}E}qu_ <
Gaxi, %) = min, ply thickness e A, AU, Atads Al
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Fig. 3. Optimal design results
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Fig. 4. Contour plots according to design variables for deterministic optimization
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to Minimize Weight

subject to Pi[Gi(x1, x9)<150] > R™*®**
P.[Ga(x1, x2)>3] > R™* 2)
P.[Gs(x1, x2)>0.1] > R™**

where, xi, ply thickness of skin,
x9; ply thickness of spar,
Gi(x1, x2) = max, deflection,
Go(x1, X2) = min, safety factor,
Ga(x1, X2)
R™&" = 0,95

= min, ply thickness

AZA] 7152 A A& H(Design Of Experiments) <
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Young's modulus Young's modulus Poisson’s ratio Poisson’s ration Fiber volume
of fiber, Pa of matrix, Pa of fiber of matrix fraction, Vi
Distribution Normal Normal Normal Normal Normal
Mean value 74 5E+9 2.45E+9 0.22 0.35 0.47
Min, value 67.1E+9 2.21E+9 0.20 0.32 0.42
Max, value 82.0E+9 2.70E+9 0.24 0.39 0.52
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Fig. 6. Contour plots according to design variables for reliability—based design optimization
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