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Field testing of an in-service wind turbine tower using a laser based remote sensing
method
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ABSTRACT As a special slender structure a wind turbine tower with a turbine on the top of the structure is sensitive to dynamic
loading. Therefore it is critical to accurately assess the vibrational behaviors of the wind turbine tower. To facilitate field testing of
wind turbine towers a laser Doppler vibrometer was proposed in the ambient vibration testing. Comparisons between the conventional
contact accelerometer method and the laser based remote sensing method were made in the aspects of testing efficiency and result valid—
ity. Based on a series of vibration signals collected from a 1.5 MW wind turbine tower the natural frequencies of this tower were ob—
tained by using different vibration analysis methods.
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Fig.1  Laser Doppler vibrometer basics: ( a) Doppler frequency

shift; (b) velocity measurement
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Fig.2 Basic structure of a laser Doppler vibrometer
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Table 1 Technical parameters of the sensors
(140000 mV) /g (0.4 ~100) mmes~'+V-!
0.12¢ Imes™!
(0.5~1000) Hz +10% (0 ~25) kHz
5x1077 g 235 mm x 320 mm x 150 mm
100 g 1P—20
310g 6 kg
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Fig.5 Accelerometer-based vibration measurement system - (b)

Fig.6 Acceleration and velocity time histories: ( a) typical acceler—

ometer data; (b) typical laser Doppler vibrometer measurement
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Fig.7 Testing result comparison in the frequency domain
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Fig.8 Measurement error due to lateral vibration
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Fig.9 Eigen frequencies of the wind turbine tower calculated by using the peak-picking method: ( a) typical accelerometer data; ( b) typical laser

Doppler vibrometer measurement
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Fig.10 Stability diagram of the stochastic subspace identification method: ( a) typical accelerometer data; ( b) typical laser Doppler vibrometer

measurement
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Table 2 Comparison of system identification results Hz

PP SSI PP SSI PP SSI

0.498 0.494 4.014 3.971 6.731 6.864

0.488 0.485 4.032 4.039 — —

1.5 MW
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