Development of an adaptive condition monitoring strategy of wind turbine by
quantitative definition of stationary operating condition
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Abstract: Condition monitoring system (CMS) has been widely developed to reduce the economic loss occurs from an
unexpected failure of wind turbines. Frequency or order analysis of vibration signal are the conventional signal
processing techniques which are typically used for most of CMSs. These conventional signal processing techniques,
however, can produce lots of uncertainties when they are used for condition monitoring of wind turbines which are
exposed to significant time-variant operating condition. Some of advanced CMSs proposed to classify the operating
condition into multiple regions in which respective condition monitoring is performed. This classification procedure
would reduce the effect of varying operating condition on the signal processing results by limiting the range of variation
of operating condition. However, it is still challenging for operators of wind farm to use it in practice because of 1) lack
of a physical evidence for the classification method, and 2) absence of quantitative classification criteria. In this paper,
classification rule based on physical phenomenon is proposed. Furthermore, a method to define quantitative
classification criteria for stationary operating condition of wind turbine is presented to effectively use the conventional
signal processing techniques for the condition monitoring of wind turbines. For this purpose, empirical probability
density function for the operating condition of wind turbines was developed, and a cluster formed around the rated rotor
speed and power were effectively separated using quantitative criteria. The proposed classification method and
condition monitoring strategy were demonstrated by testbed which simulates a planetary gearbox of a wind turbine.
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