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Turbine Rotor Blade Improved by the Aramid Fiber
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Abstract: Because of the energy resources shortage and global pollution, the wind power systems have
been developed consistently. Among the components of the wind power system, the rotor blades are the
most important component. Generally it is made of GFRP material. Recently, GFRP material has been
replaced by CFRP composite material in the blade which has an aerodynamic profile and twisted tip.
However the failures has occurred in the trailing edge of the blade by the severe wind loading. Thus,
tougher material than CFRP material is needed as like the aramid fiber. In this study, we investigated the
mechanical behaviors of the blade using aramid fiber composites about wind speed variation. One-way FSI
(fluid-structure interaction)analysis for the wind rotor blade was conducted. The structural analyses using
the surface pressure loading resulted from wind flow field analysis were carried out. The results and
analysis procedure in this paper can be utilized for the best strength design of the blade with aramid fiber

composites.
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Fig. 1 The modeling of a rotor blade
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Fig. 2 The cross-section of a rotor blade

Table 1 Material property of the rotor blade

. Elastic Poisson’s Ultimate
Material modulus(GPa) | ratio strength
(MPa)
Kevlar 49 112 0.36 3,620
Skin(GFRP) 10.3 0.3 151
UD fiber 37 0.31 986
Balsa Core 3.518 0.3 13
Plain(CFRP) 149.3 0.1 1,546
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Fig. 3 CFX domain grid around blades
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Table 2 Boundary condition

Inlet Uniform normal speed
(12 m/s , 70 m/s) - 2cases
Average static pressure
1
Outlet Reference pressure = 0 [Pa]
Surrounding Smooth wall
Blade & Hub (Nonslip condition)
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Fig. 4 The velocity streamlines on the rotor blade
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Fig. 5 The pressure contours on the rotor blade
(v=70m/s)
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Fig. 6 The finite element mesh of a blade
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Fig. 7 The contours of the equivalent stress contours
in the rotor blade skin with the aramid fiber
and GFRP at v=12 m/s and v=70 m/s
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in the rotor blade with the aramid fiber at
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