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Abstract

A theoretical model based on Rayleigh-Ritz method is proposed to predict the
resonance frequency of a W/T(Wind Turbine) tower structure supported by guy cables.
In order to verify the validity of the theoretical model, a reduced W/T tower system is
manufactured and tested. Frequency response and mode data are determined by modal
testing and finite element analysis is performed to calculate the natural frequency of the
tower model. Numerical and experimental results are compared with those by the
theoretical analysis. Parametric study by the theoretical model shows how the cable
tension and cable elasticity influence the resonance frequency of the W/T tower
structure. Finally, vibration response under various rotating speed is investigated to
examine the possibility of severe resonance.
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2. Ay mdo] HA Table 1 Specification of the reduced model.

AA FHEH7 Y F8 FE B (tower), fﬂ

B(hub) B A7, Fto] Aelg, @A F2E 3 Hub height L3755 m
Hsld 2arde ARG PBE A2z ] Rotor diameter 0.582 m
=" 6kWH @ EYY ¥ FHEAY Eye bolt height 1m
INVENTUS 6 235 22 49Nz Az Tower length 13m
3ok HA4aRde By 9 Ele Holy 4E9 Cable length 0.91 m
ok 1/1001™, Yd(nacelle), B/ 2L FHE Apolg] Tower in-diameter 0.023 m
FAguz HE3 7]"{::7”55 A zstd et Eek 4719 Tower out-diameter 0.026 m
7rol Al ERE AAE AR, b9 s AA FE Number of blades 4
= AEF Z%‘°] H TE Ei Bl & o Tower : 1.135kg
4% 4 5}01 Tz BAe AUYs = Nacelle : 2.48kg
= 2} 5 Az 2 26 . Hub : 0.145kg
5 A —}3}'5’3\‘:} g3 0e Peoz, @i FiEL Weight Blade(dEA) : 0.24kg
ARael olgg wWEel BEd BA ni A 2hak g Eye bolt(4EA) : 0.2kg
3, AgidA FEAT7] st 2Ar] gl 2H cable : 6.94g/m
2 QR ’
g 23 6}951?}' Table 2 Specification of blade driving devices
Microprocessor PB-3B Micom
A= A Plane Area
Driver L298N, IRF540
/7 Motor 24V DC Motor
/4 \ Sensor UGS3120 Hall
- éj//;i A on Effect Sensor
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Fig. 1 Wind turbine tower model
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Fig. 2 Simplified model for the theoretical analysis
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a) pin-axis rotation b) pin-axis fixed
Fig. 3 Admissible functions of the tower.
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Fig. 4 Admissible functions of the guy cable.
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Fig.5 Natural frequency vs. tensional force
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Fig. 6 Frequency response function of the reduced
tower model(tension : 20Kgf)
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b) 1st pin-axis fixed mode

Fig. 7 Pin—axis rotation and pin—axis fixed modes
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