
realizations, as opposed to solely relying on TI, is expected to mitigate the aforementioned issue significantly for the proposed

method. In fact, if more seeds are required, the trained model could be utilized to make predictions on a broader spectrum of

random seeds. For this study, we used a 15 by 15 grid over the rotor’s plane to build the database. However, for training and

testing, only nine out of 225 points on the rotor plane, as depicted in Figure 7a, were considered. For these nine points on the425

rotor plane we only take into account the wind in x direction. Our tests show including the wind in y and z directions would

not improve the training or testing results; therefore, they are omitted. These nine synthetic wind time series are approximately

located at the middle of the rotor and hub height. The number of points on the rotor plane was determined experimentally.

This decision was guided by the minimum requisite wind time series data from the rotor plane, which facilitated the training

of an accurate model. In general, adding more input features to the SMs increases the number of training parameters and train-430

ing complexity without yielding additional benefits. This would increase the training dataset requirement to mitigate issues

such as over-fitting and non-convergence. In terms of real-world application, with nine points, it could be considered for use

in scenarios such as field Light Detection and Ranging (LiDAR) measurements. Our tests show other configurations of the

points (e.g. circular layout of points) have little impact on the results. The grid points are selected to be roughly located at the

blades’ mid-span. This selection is illustrated in Figure 7a. Regarding the time component, the synthetic wind time series has a435

frequency of 20Hz, with a duration of 720sec. After running the simulation and later in the training/testing step, we upsample

the synthetic wind to 1Hz due to the hardware constraint.

Rotor Plane

(a) TurbSim output

Blade Root
Edge-wise

Tower Top 
Side-Side

Tower Bottom 
Side-Side

(b) OpenFAST output channels y,z plane

Blade Root
Flap-wise

Tower Top 
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Tower Bottom 
Fore-aft

(c) OpenFAST output channels x,z plane

Figure 7. (a) Illustration for selected TurbSim output grid point locations as the input to the SM for training and testing. (b) and (c) show a

schematic drawing of a turbine, with the output load channels.

As mentioned, we run aeroelastic simulations on an onshore NREL 5MW model using OpenFAST. OpenFAST can provide

an extensive set of outputs, namely channels, at different components of the turbine. The channels and their descriptions can440

be found in Jonkman et al. (2005). For this study, we took into account six moment output channels and the average generated

power for the training/testing objectives. These six moments are blade root edgewise and flap-wise moments, tower top fore-aft
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