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Figure 2. Power curves associated with a healthy, blue line, and an unbalanced, red line, cases. The unbalanced case refers to a pitch offset

of 2 deg applied to the first blade. The maximum power loss is experienced at V = 13 m/s and is approximately equal to 167 kW.

and moments exerted on blades, tower and nacelle. The rotor aerodynamic model implemented in Cp-Lambda was recently

validated against data of an 80-meter-diameter wind turbine in sheared and yawed inflow conditions (Boorsma et al., 2023).

A multibody model of the NREL 5-MW Baseline was implemented in Cp-Lambda and used for all simulations. The turbine

is a realistic three-bladed, variable pitch controlled machine with a diameter of 126 m, that is thoroughly described in Jonkman

et al. (2009).175

This simulation environment also possesses the ability to replicate an array of inflow types, including steady, and turbu-

lent wind conditions, and can reliably simulate misalignment scenarios of different severity across one or multiple blades

concurrently.

The considered turbulent wind conditions are reproduced according to Normal Turbulence Model, NTM, as defined in the

Standards (IEC 61400-1 Ed.3., 2004), with air density ρ = 1.225 kg/m3.180

In particular, the whole simulated data set is divided into 77 cases, of which 6 considered healthy conditions and 71 included

the anomaly. Among all anomaly cases, 7 consider misalignment in multiple blades, while the remaining ones are related to a

single misaligned blade. Each case comprises 12 simulations of 10-minute length, conducted at varying averaged wind speeds

to cover all operative turbine statuses ranging from cut-in speed, v = 3 m/s, to cut-out, v = 25 m/s. The overall dataset is

then divided into two subsets employed for classification and regression analysis. More specifically the regression analysis185

is performed on cases featuring a misalignment angle up to 1 deg, including healthy conditions, whereas classification is

performed on cases featuring misalignment angles ranging from 0.1 deg to 2 deg.

More details of the dataset can be found in Tab. 1 and 2, where the two subsets of the dataset exploited for classification and

regression are described.

Moreover, in order to gather realistic information, all scenarios, healthy and anomaly, were simulated using turbulent in-190

flows featuring a different seed. As previously mentioned, a minimal set of sensors is utilized in this study, encompassing the

following measurements:
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