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The increasing demand on renewable energy leads to strict requiremethts performance of wind turbines
in order to compete on the energy market. These requirements result invislepeent of wind turbines with
increasing rotor diameters and hub heights to achieve a power output aMag#ivatt scale. However, this leads
to increasingly large, slender wind turbine structures that are prone tbindtuced vibrations.

The aim of adding structural control concepts to a wind turbine is to imprave@terall dynamic behaviour of
the turbine during operation by mitigating wind-induced structural vibratiahfatigue damage. This results in
an extension of turbine lifetime and thus in reduced economical effort. A canapproach of structural control
is the implementation of passive tuned mass dampers (TMD). The applicatidvila$ To wind turbine structures
has been a focus of research during the past years. Especially thetiomtiglthe tower fore-aft vibration as well
as the mitigation of blade vibration have been investigated and show promisirtsrd. 2] 3/ 4]. The aim of this
study is to investigate the performance of TMD to mitigate wind-induced vibratibtise W2E 120/3.0fc wind
turbine designed by W2E Wind to Energy. A prototype of the wind turbineavasted in Kankel, Mecklenburg-
Western Pomerania, Germany, Figurel(a).

The overall dynamic behaviour of a wind turbine during operation is styamgnlinear and depends on the com-
plex interaction between turbine structure, turbine controller and envinoiai@nditions. Using multibody sim-
ulation allows for a thorough investigation of the turbine dynamics duringabioer, resulting in a realistic repre-
sentation of overall structural loads for different operation conditiédndetailed multibody model of the turbine
prototype is built up in the general purpose multibody program SIMPAQK fn overall view of the turbine
model is given in Figurg I(b). The multibody model is validated by extensisarements taken on the turbine
prototype. The measurements were carried out according to the Inteaddiectrotechnical Commission (IEC)
standard 6140013][6]. A detailed description of the multibody model and ligatian is given in[7].The use of
the validated multibody model of the real turbine prototype enables a conmsiebend realistic evaluation of
TMD performance covering the whole operating range of the wind turbine.
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Fig. 1: W2E-120/3.0fc wind turbind:_{a) Overall view of thendli turbine prototype erected in Kankel, Mecklenburg-Wes®omerania, Germairiy {b)
Detailed view of the multibody model.
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Fig. 2: First blade eigenmode in flapwise direction and exerpfid.C calculation with and without blade TMDs.

In a first investigation a tuned mass damper was mounted to the turbine towedttynad to the first turbine
fore-aft eigenmode (bending along wind directian) [7]. The perforreasf the TMD was then judged based on
the tilt bending moment (perpendicular to wind direction) at the tower baseet, the influence of the TMD
on the operational parameters of the turbine as well as on the operatiadalda other structural components
was not accounted for. Two different TMD concepts are consideréhis study. First a TMD mounted at the
tower top, tuned to the turbine fore-aft eigenmode is investigated and itsrin#wen all operational parameters,
operational loads and the fatigue damage is analysed. In a second SWp & Mounted at each turbine blade
and tuned to the first blade eigenmode in flapwise direction (bending ocottosfpiane). The influence of the blade
TMD on the turbine dynamics is judged accordingly. Exemplary calculatiariteeare shown in Figuig 2 for the
blade TMD comprising time series and the corresponding frequency amédhre blade root bending moment for
the two Design Load Cases (12 % turbulence intensity, 4 m/s and 12 m/s mearpeéd).s
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