Quick Wind Turbine Load Evaluation
Based on a Linear Model

PO.213

Georg R. Pirrung1, Eric J. Rose and Leonardo Bergami2
1Danmarks Tekniske Universitet, Denmark, 2Suzlon Blade Science Center, Denmark

Abstract
Multidisciplinary design optimization of wind turbines requires methods to
estimate fatigue and extreme loads quickly so the estimations can be included
within the optimization loop.
Frequency-domain estimation is usually faster than time marching
simulations. In this work, a frequency-domain method based on the linearized
turbine aero-servo-elastic model is further developed, and its accuracy
improved by including gravity loading and controller switching effects. The
work is a continuation of the work by Tibaldi et al. (2016).
Loads estimations from the faster linear model are compared against
traditional nonlinear aeroelastic simulations for fatigue and extreme loads for
the DTU 10 MW reference turbine.
The results indicate a good prediction of the loads by the linear model at a
fraction of the computational cost. Fatigue loads predicted by the linear model
are generally within 10% of the non-linear ones, and the extreme loads
predictions are in a range of 17% from the non-linear ones. As reference, interseed variability gives a variation of 2% on fatigue and 17% on extreme.

Objectives
• Add effects of gravity on blade and tower loading to the linear model results

Figure 3: Pitch angle at 12 m/s comparing H2 and HS2. In
the right plot, several time series from linear models for
different controller regions have been combined

Results
The LTI method returns a good estimation of the loads from design load cases
(DLC) 1.2 and 1.3, for the DTU 10 MW reference turbine. Including gravity
contribution and control switching significantly improved the accuracy of the
estimations.
The life-time fatigue damage equivalent loads (DEL) are generally within 10% of
the non-linear model for blade and tower components. The least precise
estimations are for the low-damped tower side-toside (SS) moment, where the
life-time DEL is within 30% of the non-linear one.
The extreme loads estimation from DLC 1.3 is within 17% of the non-linear
simulations across most sensors. As a reference, inter-seed variability gives
extreme load variations of 17% and fatigue loads variation of 2%.

• Take the effect of controller switching into account

Methods
The system matrices of the linear time
invariant (LTI) model are computed with the
aeroelastic tool HAWCStab2.
The model includes a linearized controller,
unsteady airfoil aerodynamics in attached and
stalled flow, and dynamic inflow. MultipleInput Multiple-Output transfer functions (TFs)
are computed from the LTI model. The TFs
output aero-servo-elastic load responses,
taking as inputs rotationally sampled turbulent
wind at different radial stations.

Figure 4: Comparison of blade root flapwise fatigue (left) and
extreme loads (right)

Conclusions

Gravity loads contributions estimated from
azimuth angle and flapwise moment variations
are then superimposed to the loads output,
see Figure 2.
Controller switching is handled by combining
the output from multiple linear models
operating in different controller regions. The
rotor averaged wind speed determines which
model is to be used at each time instance.
Figure 3 shows the outcome of this procedure.

Figure 1: Illustration of DTU
10MW turbine (HAWCSTab2)

Fast estimations of fatigue and extreme loads are made possible, and their
accuracy improved by including gravity loading and control regions switching.
The LTI method can potentially replace more time-costly nonlinear aeroelastic
simulations in optimization iteration in the first design phases. The accuracy in
capturing load variation gradients from design changes will be verified in future
work. Additionally, the method will be extended to include wave inputs and
floating substructures, thus enabling application for offshore and even floating
designs.
If rotationally sampled turbulent wind fields are available from a preprocessing
step, 36 600 second simulations with different turbulence seeds at one wind
speed (18 at normal and 18 at extreme turbulence) can be evaluated in a few
minutes on a single cpu.
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