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Measurement and Analysis for Scale Model of Wind Turbine
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Yong-Bin Kim*, Young-Jae Choi**, and In-Sik Choi***

B A7E FAGZA] A ZE 7)2AT0NE) o 93 ALHQ-SFHFARE: RI9X001-50).
o] =2 2018@13 AR Ao S dATATte] A ds ol FaE A79)(No. 2018R1DIAIB07041496).

2 of
B =rdAe 9 $27] £l 3 JHE EUEHsH] HsiM 4 Bl thd AlEd ol
24 A3} Aol9 vl ¥ BAE £t 4 A ZHH AF AEE E0)7] A3l AGFFAE AHES)
o AU 4 A2EES AAstH o 58 volHe A-Fak B4 W<l short time Fourier transform
(STFN) L2 #4359t 958 ~HEROY JFoaRy Beols € F&9 T&Y FIFE F23%92
olF o2l 3 st AUl A AMSAT AF A, AEH AT SA o3t /\J—*]Eilau 3
Fo2RE F2H HU =Y T35 A5 Al 35% &AF oW E o2t & IS Fs

Abstract

In this paper, we performed the analysis and comparison between the simulation and measurement results to
monitor the operation status of wind turbine blade for the scale model. To suppress the clutter noise at the
measurement, the indoor measurement system is designed by using the microwave absorber and the obtained data is
analyzed by the short time Fourier transform (STFT) which is the time-frequency analysis method. The Doppler
frequencies of the blade tip were extracted from the produced spectrogram images and relative errors were calculated
by comparing with their theoretical values. Experiment results show that the maximum Doppler frequencies and
revolution rates extracted from the spectrogram images by the simulation and measurement are matched with the
theoretical values very well within the maximum relative errors of 3.5%.
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Table 1. Comparison of previous researches and radar

system
Sensor type Advantage Disadvantage
Optical Easy to find fault
Sensor location by
installing inside Difficult to install,
Easy to find fault | expensive
Gyro sensor | by comparing
balance
Possible to Difficult to monitor
Camera inspect the entire | at night and bad
blade weather condition
Possible to monitor Difficuit to analvze
Radar at night and bad ) y
" the obtained data
weather condition
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Fig. 1. 3D CAD model of wind turbine blade
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Fig. 2. Dynamic RCS and spectrogram obtained by
simulation
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Table 2. Simulation parameters

Parameter Value
Frequency (f) 24 GHz
Elevation angle 0 deg
Start of azimuth angle 0 deg
Observation time 1 sec
Revolution rate (X) 2 10s
# of azimuth angle points 10,000
Blade length (R) 011 m
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Fig. 4. Pictures showing dimensions of positioner and
microwave absorber
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Table 3. Measurement and numerical simulation parameters
of the scale model

Parameter Value
Frequency 24 GHz
Sampling frequency 10 kHz
Observation time 1 sec
# of ime sampling points 10,000
Revolution rate (X) 25 1ps
Blade length () 011 m
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Table 4. Measurement and numerical simulation result of
the normal wind turbine blade

Parameters Numerical | Measurement | Theory
Doppler frequency | 280 Hz 275 Hz 276.46 Hz
Error of doppler | 4 g, | 0508% -
frequency
Revolution rate (X)| 2.5 ms 2472 s 25 1ps
Error of revolution 0% 1199 B
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Table 5. Measurement and simulation result of the broken
wind turbine blade

Parameters Numerical | Measurement | Theory
Doppler frequency | 443 1, | 1406 Hz |1382 Hz
(broken) ' ’
Error of doppler 3.471% 3180 B
frequency e e
Revolution rate (X)| 25 rps 248 rps | 25 1ps
Error of revolution 0% 0.8% B
rate ° o1
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