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ABSTRACT This paper deals with a numerical investigation on aeroelastic stability characteristics of a 3-MW wind turbine blade.
Utilizing a commercial software, a linear aeroelastic model for the blade stability analysis is constructed based on both the blade

element momentum (BEM) theory and formulations for flexible multi-body system dynamics. Conventional linear stability analysis,
which is suitable for the early stages of blade design, is then carried out by calculating complex eigenvalues of the analysis model
taking normal and abnormal operating conditions into account. The results demonstrate that the blade maintains the stability during
standard normal operation, and also emphasize the necessity of considering potential abnormal operating events, such as those caused

by control system faults, for blade aeroelastic stability analysis.
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Nomenclature

A :complex eigenvalue
¢ :modal damping ratio
@y, : undamped natural frequency, rad/s

@q : damped natural frequency, rad/s
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Fig. 1. lllustration of DSB48.3, a 3—MW wind turbine blade
designed for IEC wind class IIA

Table 1. Design specification of DSB48.3

Blade length 48.3 m
Rated power (electric) 3,000 kW
Rated rotational speed 15.4 rpm

Design wind class IEC Ila
Max, chord length 41m
Blade mass 11,200 kg
Cut—in/—out wind speed 3m/s /25 m/s
Material Glass fiber

Table 2. Details on the blade modeling and aeroelastic

calculation
Software BLADED Ver, 4.3
Model DOF 8
Structural damping 1%
# of blade elements 25
Wind profile Uniform steady wind
Quasi—steady BEM theory
Aerodynamics Equilibrium wake model
Prandtl tip/hub losses
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Fig. 2. A standard normal operation scenario for a 3—MW
wind turbine
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Fig. 3. (a) Modal frequency and (b) damping of DSB48.3
under the normal operating condition described in
Fig. 2! -@-, 1 flat—wise mode; —&-, 1° edge—wise
mode; -O-, 2™ flat—wise mode; -, 2" edge—wise
mode; -@, 1% torsional mode
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Fig. 4. Torsional free responses at the tip of DSB48.3
calculated with the control scheme for normal operation
considering several wind speeds: (a) 12 m/s, (b) 16
m/s, (c) 20 m/s, (d) 24 m/s

3MwW SHE(E S0|=0| SE 2Fgd oM

Rotor speed [rom] i
Blade p/tch angle [deg] L

5 10 15 20 25 30
Wind speed [m/s]

Fig. 5. An abnormal operation scenario for a 3—-MW wind
turbine where a constant TSR is maintained even for
the above rated wind speed region
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Fig. 6. Modal frequency (a) and damping (b) of DSB48.3
under the abnormal operating condition described
in Fig. 5: -@,1" flat—wise mode; =&, 1% edge—wise
mode; -O-, 2™ flat—wise mode; -, 2" edge—wise
mode; -@, 1% torsional mode
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Fig. 7. Torsional free responses at the tip of DSB48.3
calculated with the control scheme for abnormal
operation considering several wind speeds: (a) 24.0
m/s, (b) 24.2 m/s, (c) 24.4 m/s, (d) 24.6 m/s
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