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Study on Combined Use of Inclination and Acceleration for
Displacement Estimation of a Wind Turbine Structure

ABSTRACT

Wind power systems have gained much attention due to the relatively high reliability, good infrastructures and cost competitiveness
to the fossil fuels. Advances have been made to increase the power efficiency of wind turbines while less attention has been focused on
structural integrity assessment of structural sub-systems such as towers and foundations. Among many parameters for integrity
assessment, the most perceptive parameter may be the induced horizontal displacement at the hub height although it is very difficult
to measure particularly in large-scale and high-rise wind turbine structures. This study proposes an indirect displacement estimation
scheme based on the combined use of inclinometers and accelerometers for more convenient and cost-effective measurements. To this
end, (1) the formulation for data fusion of inclination and acceleration responses was presented and (2) the proposed method was
numerically validated on an NREL 5 MW wind turbine model. The numerical analysis was carried out to investigate the performance
of the propose method according to the number of sensors, the resolution and the available sampling rate of the inclinometers to be used.
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Table 1. Properties of NREL 5 MW Wind Turbine Model

Height 90 m
ti/t2 (thickness at bottom and top section) 19/27 mm
D,/D; (diameter at bottom and top section) 387/6m
Tip Mass 251.2 ton
Density 7,850 kg/m’
Natural Frequency 0.33 Hz, 3.4 Hz, 10.1 Hz
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Table 3. Estimation Accuracy with Respect to the Number of

Sensors
Case No. of installed sensors RMS Error
Casel 1 0.01612
Case2 3 0.02465
Case3 15 0.02758
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