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Abstract: Aerodynamic model, structural model and finite element model of wind turbine blade were established.
Taking 27 design parameters, including chord length and torsion angle of seven standard airfoils, layer number,
layer location, location of shear web and width of spar cap etc, as design variables, and considering the aerodynamic
and structural performance of wind turbine blade, a multi-objective optimization model of the wind turbine blade
was built by taking annual energy production and mass of the blade as the objective functions, and taking strength,
stiffness and stability constraints of the blade into account. Decision method of competition game was employed
to solve the case of the actual blade example, where aerodynamic objective and structure objective were regarded
as two game players, and fuzzy clustering was used to split the design variables set to the strategy subspace of
each game player. Each player took its own profit function as mono-objective, and optimized it in each strategy
subspace. According to convergence criterion, the final game equilibrium solution was obtained through multi-
round game. The results show that the blade parameters obtained by competition game are more reasonable, not
only the blade mass is reduced, but also the annual energy production is increased, which demonstrates the effec-
tiveness of this method.
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Tab.1 Property parameters of layer materials

Mk SAPERCE E/GPa SPERTE E/GPa BYYIBIEE Gi/GPa THFALE vio W p /(kgm”)
a2 A 42.20 12.50 3.50 0.24 1910
a2 AR 11.50 11.50 11.80 0.61 1910
=mEAH L 26.90 13.40 7.50 0.47 1910
=mEAH 2 31.80 11.40 6.50 0.49 1910

Balsa K 3.50 0.80 0.16 0.30 151
PVC ik 0.05 0.05 0.02 0.09 60
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Tab. 2 Standard airfoil and original chord length, torsion angle and relative thickness

kK] 242 /m 574 /m Hiff/rad AT IEEEE %%
Circle 0 1.880 0 0.174 5 100
Circle 1 1.880 0 0.174 5 100
DU400EU 7 3.0336 0.124 0 40
DU350EU 12 2.666 1 0.084 9 35
DU300EU 17 2.267 5 0.0327 30
DU91 W2 250 22 1.991 1 0.0180 25
DU98 W 210 27 1.784 3 0.002 9 21
NACA 64 618 32 1.623 5 -0.017 1 18
NACA 64 618 36.5 1.2107 —0.032 4 18
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Tab.3 Upper and lower limit of design variables, displacement, strain and stress

T X,~x,/m Xg~x,,/ rad X5 X6 X, X Xy Xy Xy
T 1.1 -0.04 28 28 33 35 28 28
IR 33 0.21 38 48 58 65 47 40
JI X,,/m X,3/m X,,/m X,s/m X,s/m Xy,/m d/m /107 o /MPa
T 7.0 10.0 16.0 20.5 0.13 0.5 - - -
TR 9.0 13.0 19.0 22.0 0.25 0.8 5.5 5000 750
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Tab.4 Annual energy production and mass of blade of

original and game optimization design

UES FERHER/GWh iR/ 10°kg
FIVEYES 3.68 6.52
P ar E) RS 3.76 5.73
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Fig. 4 Comparison of chord distribution
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Fig. 5 Comparison of twist angle distribution Fig. 6 Comparison of laminating
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Fig. 7 Displacement, stress and strain and first-order modal of game optimization design
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