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Abstract: The extension of wind turbines' lifetime by reducing fatigue loads is a topic of interest. The 

contribution of this work is focused on designing a controller that mitigates lateral tower vibrations in the 

full load region. The proposed strategy is based on Active Generator Torque Control (AGTC), which 

produces an extra component of the generator torque added to the rated torque. In addition, the AGTC 

control is combined with a Collective Pitch Control (CPC) scheme based on the NREL’s Reference 

OpenSource Controller (ROSCO), whose main purpose is to reject wind speed perturbation maintaining 

the wind turbine speed at its nominal value. Some variants of this scheme are proposed including an optional 

filter and a derivative gain in the AGTC. The controller parameter tuning is formulated as an optimization 

problem that minimizes the Fatigue Damage Equivalent Load (DEL) index for tower lateral loads. The 

resolution is carried out through genetic algorithms, and the design is applied to the IEA 15 MW RWT 

wind turbine model developed by NREL using the OpenFAST software. The ROSCO controller is used as 

the baseline scheme, comparing its performance with the proposed AGTC+CPC schemes. According to the 

simulation results, all the proposed AGTC strategies reduce the DEL index more than 30% with respect to 

the baseline controller. This reduction can be increased up to 42% at the expense of higher oscillations in 

the generated power and torque signal. 
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1. INTRODUCTION 

Avoiding the dangers of climate change is a priority for the 

European Union, which is working hard to significantly reduce 

its greenhouse gas emissions, encouraging other states and 

regions to do the same. Renewable energy sources such as 

wind, water and solar energy are becoming increasingly 

important due to the lower impact on the environment. 

Considering that about 30% of greenhouse gas emissions are 

due to the production of electricity, wind energy has had a 

great boost due to its little negative impact on the environment 

(Njiri & Söffker, 2016). 

Currently, horizontal axis wind turbines with three blades and 

variable speed and variable blade pitch (VS-VP) are the most 

common because they can optimize power generation at 

various wind speeds (Gambier, 2021). VS-VP wind turbines 

operate in different modes or regions depending on the wind 

speed: cut-in (I), partial load (II), transition (III), full load (IV), 

and cut-out (V), as shown in Fig. 1, which displays the ideal 

power curve of the wind turbine. 

 

This research focuses on region IV (full load region), where 

the high wind speed's impact must be minimized to prevent 

damage to the system. In this case, it is necessary to maintain 

the generator power and, consequently, the generator speed at 

their nominal values. This is achieved through controllers that 

act on the blade pitch angle to adjust the wind turbine's 

aerodynamics and limit the amount of energy extracted from 

the wind (Novaes et al., 2018). In this region, the generated 

power (Pg) depends solely on the generator speed, ωg, 

according to (1), since the generator torque is maintained 

constant at its rated value. 

 

𝑃𝑔  = 𝑇𝑔,𝑟𝑎𝑡𝑒𝑑 ⋅ 𝜔𝑔,𝑟𝑎𝑡𝑒𝑑 (1) 

  

 

Figure 1. Operation region of a wind turbine. 
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The negative consequences of structural loads (particularly 

those brought on by aerodynamic and gravitational forces) 

become worse as wind turbines get bigger and more powerful. 

Structural loads that are not reduced might result in poor 

performance or even early failure of the entire wind turbine 

system. Therefore, it is crucial to understand how structural 

stresses interact, impact wind turbine power output, and alter 

the longevity of the device. The diverse deflection modes in 

the tower and rotor blades, or vibrations in the turbine drive 

train, are the most frequent occurrences that might result in 

various forms of structural stresses (Njiri & Söffker, 2016). 

The tower structure mainly shows two vibration modes: fore-

aft and side-side. Most of the research carried out focused on 

mitigating the fore-aft tower vibrations (Liu et al., 2016; 

Mohammadi et al., 2018). In Niranjan & Ramisetti (2022), a 

finite element structural analysis was combined with an active 

Tuned Mass Damper (TMD) to reduce the fore-aft vibration of 

a monopile-supported offshore wind turbine. In Gambier et al. 

(2022), a collective pitch control (CPC) is combined with an 

active tower damping control (ATDC) for a large wind turbine 

and both control loops are tuned together. 

Lateral vibrations (i.e., side-side) in horizontal axis wind 

turbine towers can be caused by wind-induced vibration loads. 

There are three main categories of methods for controlling 

excessive vibrations in engineering structures when subjected 

to external vibrations: passive, semi-active, and active (Zuo et 

al., 2020). This paper is focused on designing a controller that 

mitigates lateral tower vibrations in the full load region. The 

remainder of this paper is organized as follows: Section 2 

contextualizes this work, providing some background about 

loads in wind turbines and their control. In Section 3, the 

proposed control scheme is described, including the parameter 

tuning procedure. Section 4 shows the simulation results of the 

proposed controller, and the improvements are commented. 

Finally, the conclusions are summarized in Section 5. 

2. BACKGROUND 

2.1 Control approaches for tower lateral vibrations 

Regarding control approaches for tower lateral vibrations, 

some investigations have been carried out with passive control 

methods to reduce lateral vibrations of the tower. In Liu et al., 

(2022), a spring pendulum pounding tuned mass damper was 

developed to mitigate the lateral response of monopile 

offshore wind turbines. In Zhang et al., (2016), the 

performance of full-scale tuned liquid dampers to mitigate 

lateral tower vibrations of multi-megawatt wind turbines was 

evaluated using real-time hybrid testing. These types of 

devices (i.e., TMDs and their variants) can either be fully 

passive or semi-actively controlled (Mensah and Dueñas-

Osorio, 2014). 

On the other hand, results of research papers on active 

structural control of wind turbines (Lackner & Rotea, 2011) 

show that active control is a more effective way of reducing 

structural loads than passive and semi-active control methods, 

at the cost of higher energy input and consequently a more 

expensive method. For example, Zhang et al. (2014) proposed 

an active generator-torque control (AGTC) to compensate for 

lateral tower vibrations, demonstrating AGTC can provide 

damping to these oscillations. The generator torque affects the 

side-side tower vibrations through the reaction on the 

generator stator, which is rigidly fixed to the nacelle. In 

Golnary & Tse (2022), a fuzzy torque control and a sliding 

mode pitch controller are developed to reduce power output 

fluctuations and tower lateral oscillations simultaneously.  

2.2 Wind turbine model and simulation environment 

In this study, a wind turbine model is simulated using the 

MATLAB/Simulink software with the assistance Fatigue, 

Aerodynamics, Structures, and Turbulence (OpenFAST) 

software (OpenFast, 2022). The International Energy Agency 

(IEA) Wind 15-Megawatt Reference Wind Turbine used in 

this work is being recently reported in the literature (Niranjan 

& Ramisetti, 2022; Papi & Bianchini; 2022). The turbine is 

available on GitHub (NREL, 2020).  In this work, the turbine 

is configured in its land-based version. The main specifications 

are presented in Table 1. 

Table 1. Properties of the IEA 15 MW RWT 

Property Value 

Power rating 15 MW 

Rotor orientation, configuration Upwind, 3 blades 

Cut-In, Rated Rotor Speed 5 rpm, 7.56 rpm 

Cut-In, Rated, Cut-Out Wind 

Speed 

3 m/s, 10.59 m/s, 25 

m/s 

Drivetrain 
Low speed. Direct 

drive 

Rated Generator Torque 19786767.5 Nm 

Electrical Generator Efficiency 95.756%  

Rotor, Hub Diameter, Hub 

height 
240 m, 7.94 m, 150 m 

Rotor nacelle assembly mass 1070000 kg 

Tower Mass 860000 kg 

Limits on the blade pitch angle 0 – π/2 rad 

Slew-rate limits on the pitch 

actuator 
0.0349 rad/s 

Slew-rate limits on the generator 

torque 
4500000 Nm/s 

 

Fig. 2 shows the steady-state performance of the rotor as a 

function of wind speed, using OpenFAST with ROSCO 

(NREL,  2019). 



 

As mentioned, in this study the wind turbine is operated only 

in the full load region (region 3 in Fig. 2), where the tower 

suffers the most damage since the tower base bending 

moments increase with the mean wind speed. In this region, 

the torque controller is saturated at rated torque and the blade 

pitch PI controller pitches to feather to maintain rated rotor 

speed.  

The required turbulent wind field for simulations is generated 

using TurbSim (Jonkman, 2009). The wind signal is 

configured with a mean wind speed of 22 m/s, a Kaimal 

turbulence spectrum with 2.5 m/s of standard deviation, and a 

power-law vertical shear with an exponent of 0.2. The 

sampling frequency is set to 125 Hz. 

3. CONTROL METHODOLOGY 

The proposed control scheme is shown in Fig. 3. It consists of 

two controllers: a CPC and an AGTC. The control actions of 

these controllers generate the pitch and torque signals. Since 

the wind turbine is assumed to operate in the full load region 

at its rated power, the generator torque Tg is initially fixed at 

its rated value. According to (1), the generated power can be 

maintained at its nominal value if the wind turbine speed is 

controlled at its rated value. The CPC maintains this speed at 

its nominal value, rejecting the wind speed changes. The CPC 

controller used in this work is based on ROSCO (NREL, 

2019), which is the default controller for the OpenFAST 

implementation of the Reference NREL wind turbine RWT.  

 

 

The main control objective for AGTC is to minimize the 

structural loading of the side-side motion of the tower. To be 

more precise, the AGTC adds damping to the first natural 

frequency of tower side-side bending mode (about 0.2 Hz). 

 

The AGTC produces an extra component τg,SS of the generator 

torque to be added to the rated torque, as shown in (2). This 

extra component is proportional to the nacelle side-side 

velocity. The final torque signal is constrained considering the 

slew rate and saturation limits of the generator. In most works, 

the extra component τg,SS is constrained to ±10% of the rated 

generator torque (Golnary & Tse, 2022). The lateral velocity 

can be obtained by measuring and integrating the tower-top 

side-side acceleration. 

 

𝜏𝑔  = 𝜏𝑔,𝑟𝑎𝑡𝑒𝑑 + 𝜏𝑔,𝑆𝑆 = 𝜏𝑔,𝑟𝑎𝑡𝑒𝑑 + 𝑘�̇�𝑆𝑆  (2) 

 

The AGTC scheme used in this work is shown in Fig. 4. Its 

parameters are the proportional gain k, derivative gain kd 

(optional) and a second order bandpass filter (optional). 

 

 

Equation (3) shows the transfer function of the optional second 

order filter employed in our analysis: 

 

𝐺𝑏𝑎𝑛𝑑𝑝𝑎𝑠𝑠(𝑠) =
2𝜉⍵𝑛𝑠

𝑠2 + 2𝜉⍵𝑛𝑠 + ⍵𝑛
2
 

(3) 

 

where ⍵𝑛 = 2𝜋𝑓𝑛 characterizes the first natural frequency of 

the tower in the side-side direction, and 𝜉 characterizes the 

corresponding damping ratio. This filter is aimed to limit the 

band of frequencies where AGTC should add damping so that 

unnecessary actions are avoided at other frequency ranges. 

3.1 AGTC tuning via genetic algorithms 

The proposed objective for the optimization is to minimize the 

tower fatigue loading through the side-side tower bending 

Figure 3. AGTC+CPC control scheme for the full load region. 

Figure 4. AGTC scheme. 

Figure 2. Performance and operation of the IEA Wind 15 MW 

reference wind turbine rotor with the ROSCO controller. 



moment Mss. For fatigue assessment in wind turbines, the 

Fatigue Damage Equivalent Load (DEL) is usually calculated 

in the time domain using cycle counting techniques. To 

determine the fatigue damage of the tower base side-side, the 

DEL index based on the Mss is calculated and employed as the 

objective function to be minimized. This function cannot be 

evaluated analytically since the DEL index is computed offline 

from the time series of simulation data, and the optimization 

procedure becomes a nonlinear problem that requires intensive 

computational effort and time. To achieve better 

computational efficiency (Serrano et al., 2022; Lara et al., 

2021, 2022), the optimization is performed using genetic 

algorithms (GA). The tuning procedure of the AGTC control 

parameters is performed by simulating the wind turbine model 

IEA 15 MW RWT (see Table 1) in OpenFAST. The simulation 

data are subsequently post-processed with MLife (NREL, 

2012) for the DEL calculation. 

 

In the proposed optimization, the parameter sets are as follows: 

[k] for the case of AGTC-P, [k kd] for the case of AGTC-PD, 

and [k fc ε] for the case of AGTC-P plus filter. The search 

range for the gains is [0-10e8], the range for fc is [0.15-0.25] 

Hz, and [0.001-20] for ε. The main options configured in the 

genetic algorithm are a population size of 300, elite count of 

0.05 times the population size for reproduction with a 

crossover fraction of 0.8. 

 

Table 2 shows the control parameters obtained for the various 

AGTC versions after optimization.  
Table 2. Optimized parameters for the AGTC 

Scheme k (N·s) kd (N·s2) fc 

(Hz) 

ε 

AGTC-P 8.80e6 - - - 

AGTC-

PD 
8.65e6 6.72e5 - - 

AGTC-

P+Filter 
35.89e6 - 0.21 0.63 

4.  RESULTS 

This section analyzes the simulation results of the proposed 

AGTC controllers tuned with the previous optimal parameters 

shown in Table 2. Table 3 shows the DEL indices of Mss 

obtained from the optimal solutions, the standard deviations of 

the torque signal, the generated power, the side-side 

displacement and the total variation (TV) of the torque 

according to the following equation: 

 

TVT𝑔=
1

𝑡𝑛−𝑡0
∑ |T𝑔(t𝑘) − T𝑔(t𝑘−1)|
𝑛
𝑘=1  (4) 

 

The absolute value is shown as well as the percentage relative 

to the baseline case (i.e., the ROSCO controller without any 

AGTC strategy). For example, the AGTC-P controller 

decreases the DEL index a value of -34.55% in comparison 

with that of the baseline case.  

Figures 5 and 6 show the times responses of the analyzed 

control strategies, including the baseline ROSCO controller. 

The plots show the wind speed, the generated power, the 

generator speed, the tower side-side displacement, the tower 

base side-side moment, and the generator torque. As can be 

seen, the displacements are reduced with any of the AGTC 

strategies. In all the AGTC schemes, the DEL index is reduced 

more than 30%. This reduction is expected according to the 

third plot of Figs. 5-6, where the Mss amplitudes of the AGTC 

strategies are significantly smaller than those of the baseline 

case. It is interesting to note that the AGTC-P+Filter controller 

obtains the best performance for xss and DEL function. 

However, this result is achieved at the expense of a higher 

standard deviation in the generated power, which is increased 

from 6.33% (AGTC-P scheme) to 23.28%. 

 
Table 3. DEL cost function and performance indices 

Scheme DEL 

(Mss) 

TVTg STDxss STDT

g 

STDPg 

Baseline 

CPC 
5.47e4 0 0.0743 0 

794.51 

AGTC-P 3.58e4 
(-34.55%) 

1760 0.0371 
(-50.06%) 

383.9

6 

844.83 
(+6.33%) 

AGTC-

PD 
3.39e4 
(-38.02%) 

3416.

7 
0.0373 
(-49.79%) 

398.6

1 

849.38 
(+6.90%) 

AGTC-

P+Filter 
3.13e4 
(-42.77%) 

1091.

7 
0.0330 
(-55.58%) 

761.9

7 

979.44 
(+23.28%) 

 

 

Figure 5. Time responses of the wind speed, generated 

power, generator speed, tower side-side displacements, 

tower base side-side moment and generator torque. 



 

In addition, the use of a filter smooths out the changes in the 

torque signal. This can be seen in the last plot of Fig. 6 for the 

AGTC-P+Filter option. While the torque signal has a larger 

amplitude, its changes are smooth, resulting in a value of 

1091.7 in the TVTg index, the smallest of all the AGTC 

strategies. 

 

Figures 7 and 8 show the Fourier spectra of the tower side-side 

displacement and bending moment. The first side-side tower 

bending mode is appreciated at 0.2 Hz. The AGTC-P and the 

AGTC-PD curves are overlapped in both figures and the peak 

at 0.2 Hz is significantly smaller. This peak is removed with 

the AGTC-P+filter scheme.  

 

To sum up, all the AGTC strategies reduce this peak 

significantly, and the mitigation is total when the filter is 

incorporated. This conclusion can be appreciated in both 

frequency and time domains. 

 

 

 

 

5. CONCLUSIONS 

In this work, a control scheme is proposed for the mitigation 

of lateral tower vibrations in the full load region. The strategy 

combines an AGTC and a CPC scheme based on the NREL’s 

Reference OpenSource Controller (ROSCO). Different 

configurations for the AGTC are proposed, including optional 

filters. The parameters are tuned through genetic algorithms, 

and the objective function to be minimized is based on the 

DEL index. The simulations are carried out with OpenFAST 

and the controllers are designed and applied to the IEA 15 MW 

RWT model. The controllers are compared with the baseline 

ROSCO controller. All the AGTC controllers mitigate 

significantly the lateral tower vibrations. There is a balance 

between reducing lateral oscillations of the tower and 

fluctuations in the output power, as changes in the generator 

torque causes variations in the output power. Future work will 

also apply these schemes to higher power wind turbines and 

will address the compromise between different conflicting 

Figure 8. Fourier spectra of Mss. 

Figure 7. Fourier spectra of xss. 

Figure 6. Zoomed time responses of the wind speed, 

generated power, generator speed, tower side-side 

displacement, tower base side-side moment and 

generator torque. 



objectives, such as torque signal effort and tower load 

reduction, using multi-objective optimization.   
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