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ABSTRACT Wind energy has attracted increasing interest because of the need to develop alternative energy sources as a result of the
depletion of fossil fuels and the need to develop clean, environmentally friendly energy sources by serious environmental problems
such as CO,. In this study, reliability-based design optimization considering the material uncertainty of composite wind turbine was
investigated. For this purpose, structural analysis of the composite blade was performed. Deterministic design optimization was
performed that was followed by reliability-based design optimization. From the structural analysis results, the maximum deflection
and safety factor were calculated to evaluate the structural safety of the composite material. For optimization, the design variables
were selected as the ply angles of the blade and the objective function was selected as the safety factor. The reliability-based design
optimization takes into account the uncertainty of the material, i.e., physical properties and volume fraction of the fibers and matrix.
Finally, the results of deterministic optimization and reliability based optimization were compared.
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Fig. 1. Skin, spar, and foam of composite wind turbine blade
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Table 1. Blade specification

Specification Value

Rated power 2 kW
Rated wind speed 10 m/sec
Rated rotational speed 200 RPM

Number of blade 3

Blade length 1,74 m

NREL—S822

Aerodynamic profile
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Fig. 2. Geometry of small wind turbine blade

Table 2. Material properties for fiber, matrix

Fiber Matrix
Name advantex HTS-665C Epoxy
Young’s modulus 74.5 GPa 2.45 GPa
Poisson’s ratio 0.22 0.35
Volume fraction 0.47 0.53

Table 3. Equivalent material properties for skin and spar

Material Property Value
Ex 36.29 GPa
E=E, 4,49 GPa
Gyy=Gys 1,67 GPa
Gy 1,76 GPa
Viy=Vxz 0.29
Vyz 0.27

Table 4. Material properties for foam

Material Property Value
Young’s modulus 0.7 GPa
Poisson’s ratio 0.22
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where, xi; ply angle of skin,
X2, ply angle of spar,

Gi(x1, x2)=max, deflection—150
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Fig. 3. History plots for deterministic optimization
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Fig. 4. Optimal design results
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Fig. 6. History plots for RBDO

Table 5. Random variables for reliability—based design optimization

Young’'s modulus, | Young's modulus, Poisson’s ratio, Poisson’s ration, volume fration,
fiber E; matrix, Em fiber, v matrix, vm Vi
Distibution Normal Normal Normal Normal Normal
Mean value 7.45E+10 2.45E+9 0.22 0.35 0.53
Min, value 6.17E+10 2.21E+9 0.20 0,32 0.48
Max, value 8.20E+10 2.70E+9 0.24 0.39 0.58
Standard deviation 4 9TE+9 1.63E+8 0,01 0.02 0.04
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Table 6. Reliability—based design optimization results for optimum point

Mean value

Min, value Max, value Standard Deviation

Objective function, safety factor 4,791

4.073 5,528 0.270

Constraint, max, deflection 49,469

44 319 56.672 2,430

10

Mumber of Points

Delta

(g) Constraint, Gy

Fig. 7. Probability distribution plots for RBDO
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