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 A multi-point model predictive control (MPMPC) is widely used for many 

applications, including wind energy system (WES), notably enhanced power 

characteristics and oscillation regulation. In this work, MPMPC is adapted to 

condense the fatigue load of the WES and improve the lifetime of the turbine 

assembly. The lifetime examination is carried out by considering the three 

chief parameters: basic lifetime until failure, short-time damage equivalent 

loads (DELs), and lifetime DELs. The simulation study is performed for two 

cases: blade root bending moments and tower top bending. Further, fatigue 

load examination is demonstrated to analyze the effectiveness of the 

proposed controller. The observed results show that the lifetime analysis of 

the wind turbine system displayed more excellent characteristics, i.e., 

49.50% greater than MPC. Also, the fatigue load mitigation showed greater 

magnitude due to the control action of the proposed controller, about 37.38% 

grander than MPC. Therefore, the attained outcomes exhibit outstanding 

performance compared with conventional controllers. 
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1. INTRODUCTION  

Due to increasing environmental disquiets, attention has shifted to renewable energy sources (RES), 

namely hydro, wind, and solar [1], [2]. Therefore, a carbon footprint reduces significantly because of fossil 

fuel usage reduction in the energy sector that enhances the environmentally friendlier RESs [3]-[5]. Notably, 

world nations and the United Nations environmental monitoring committee have decided to restrain the CO2 

emission according to the Paris accord, and the stakeholders of the power industry recently became interested 

in non-conventional power resources [6], [7]. Notably, wind farms are an attractive means to generate 

alternative energy, and they experience rapid advances in the last decade [8]. Significantly, wind energy 

exploitations have gained more popularity among other non-conventional sources. Also, the wind turbine 

maintenance is substantially less compared to the other Renewable power resources. However, due to wind 

turbine sizes increasing with bigger rotor diameter, the mechanical fatigue load becomes a significant 

concern. Therefore, this works aims to reduce the fatigue concentration of wind energy conversion systems 

(WECS). Based on the needs, a robust literature survey is carried out to examine the existing advancement of 

the WECS, notably on fatigue concentration of the complete system. The comprehensive method of the 

literature survey is illustrated in Table 1. 

 

https://creativecommons.org/licenses/by-sa/4.0/
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Table 1. Literature survey on fatigue concentration on WECS 
Ref. No Year Methodology Inferences 

[9] 2019 Three-dimensional pendulum tuned mass 
damper (3d-PTMD) 

− Using the Euler-Lagrangian equation, the offshore wind 

turbine coupled with the 3d-PTMD was established.  

− It was noticed that the 3d-PTMD could raise the turbine 

tower fatigue life about 50% greater than dual TMDs. 

[10] 2018 Internal model control (IMC) method with 

an adaptive algorithm and individual pitch 
control (IPC) 

− Simulated results exposed that adapting only IMC or IPC 

alone had benefits that reduced the fatigue loads on definite 

components. 

− IMC suppressed tower vibrations in both schemes, namely 

fore-aft, and side-to-side directions, and IPC reduced the 

fatigue on the shaft, yaw bearings, and blades. 

[11] 2017 Fore-aft tuned mass damper (TMD) − It established that the high stiffness TMDs unswervingly 

dissolve the magnitude of tower oscillation that displayed 

an overall steady enactment. 

− TMDs in nacelle/tower could lengthen the lifetime of 

floating wind turbines. 

[12] 2018 Time-domain finite element simulations − Wind turbine action, ecological loads, and adjustable 

damping heights on the fatigue life were examined 

scientifically. 

− Substantial cost-savings were attained in the wind turbine 

design using supplemental damping devices. 
[13] 2018 Finite element model (FEM) and Brown-

Miller strain-life method 
− Investigations were carried out to evaluate the actual 

fatigue life, local raceway harm, vibration hastening, and 
lubrication. 

− Three fatigue life computation approaches had distinctive 

benefits that could mutually be regarded to increase the 

bearing life calculation accuracy. 

[14] 2017 Tuned liquid column damper (TLCD) − Soil-structure interfaces for a monopile foundation were 

displayed hypothetically, and a scaled testbed was 

demonstrated to endorse the outcomes. 

− Efficiency of the proposed controller was evaluated for 

structural vibration reduction. 

[15] 2017 Sliding mode control theory − The proposed method was adapted to mitigate the torsional 

vibration of the wind turbine. 

− The proposed method enhanced the wind turbine life span. 

[16] 2019 Tuned mass damper (TMD) and genetic 

algorithms 
− The proposed scheme was used to improve the dynamic 

structural performance of the wind energy system. 

− The observed results displayed the improved dynamic 

responses of the wind turbine adapting a TMD in a floating 
platform. 

[17] 2018 Finite element model (FEM) − Fatigue damage and torsional vibrations were examined 

using Palmgren–Miner damage rule, S–N curves, and rain 
flow cycle counting. 

− Fatigue predictions using the suggested framework were 

considerably associated with experimental fatigue 

outcomes that proved the efficacy and applicability of the 

proposed framework. 
[18] 2018 Wavelet linear quadratic regulator (LQR) − The proposed scheme was adapted to reduce the blade 

vibrations. 

− Suggested novel wavelet controller attained substantial 

decline in the out-of-plane response of the blades compared 

with standard LQR or proportional-integral (PI) controllers. 

[19] 2017 Multiple model predictive control (MPC) − The proposed scheme was adapted to control the output 

power of the NREL 1.5 MW baseline Wind Turbine. 

− Simulated results proved that the proposed controller 

tracked the error effectively and efficiently regulated 
oscillation in the control signal and mechanical power.  

[20] 2017 Multiple model predictive control − The entire operating regions of the wind turbine system are 

divided into several sub-areas based on the wind profile. 

− The proposed controller attained better power output 

characteristics with reduced fluctuation of power 
generation.  

 

 

Also, the recently published works demonstrated the application of a vision-based neural network 

framework for various problems. Notably, Maleewan et al. [21] proposed the evolutionary deep learning 

model considering the google colab framework to generate and train neural networks. The network was 

trained using a self-generated dataset of about 12,000 gesture images. In [22] proposed an adaptive network-

based Fuzzy system with a neural network for stereo vision-based image recognition and manipulation. 
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Specifically, the vision-based neural network was adapted for agricultural crop defects [23] and end-to-end 

autonomous driving models [24]. Although these evolutionary models have effective results for various 

applications, it requires thousands of dataset to execute the network. Due to the insufficient volume of 

historical failures of wind turbines in a real-time system, vision-based execution may result in imprecise 

results owing to the limited datasets. MPC shows several advantages for numerous applications such as wind 

turbines [19], [20], combustion system in power plant [25], attainment of better voltage vector for Induction 

motor [26], engine torque management [27], speed control of permanent synchronous motor [28] energy 

management system for PV-battery [29]. It can be easily adapted for diverse applications by considering the 

operating regions of the model, and that can be sub-divided into several parts for multi-point control. Few 

works demonstrated the application of multi-point MPC for wind turbines, notably for power output 

characteristics and oscillation control but not shown for fatigue condensation. Therefore, this work focused 

on this research gap. The following objectives are derived considering the inferences and limitations from the 

literature survey: 

− To design a novel controller using multi-point MPC. 

− To reduce the fatigue magnitude using the proposed controller scheme. 

− To increase the lifetime of the WECS. 

− To enhance the characteristics of basic short-term and basic lifetime damage equivalent loads (DELs). 

− To improve the efficiency of the complete system. 

− To reduce the net shear force using a proposed controller. 

The rest of the article is structured as shown in: Section 2 presents the modeling of the WECS with 

required subsystems; Section 3 describes the modeling of the proposed controller; Section 4 demonstrates 

detailed results and discussions with comparative study; Section 5 concludes the article based on the 

observed outcome form the proposed scheme.  

 

 

2. MODELLING OF WECS 

This section describes a complete model of the WECS that can be arranged as numerous interrelated 

subsystems, as illustrated in Figure 1. For example, some subsystems are pitch actuator, aerodynamics, 

generator control, generator model, and drive train. 
 

 

 
 

Figure 1. Modeling of WECS 

 

 

It is a known fact that the overall WECS model considered in this work is nonlinear. Therefore, the linearized 

turbine torque equations are derived as shown in:  

 

𝜉𝑇𝑡 = 𝑀ω(ω̅𝑡 , 𝑣, 𝛽) 𝜉ω𝑡 +𝑀𝑣(ω̅𝑡 , 𝑣, 𝛽) 𝜉𝑣 +
 

 𝑀𝛽(ω̅𝑡 , 𝑣, 𝛽) 𝜉𝛽 (1) 

 

𝑀ω(ω̅𝑡 , 𝑣, 𝛽) =
𝜕𝑇𝑡

𝜕ω𝑡
|
(ω̅𝑡,𝑣,𝛽)

𝑀𝑣(ω̅𝑡 , 𝑣, 𝛽) =
𝜕𝑇𝑡

𝜕𝑣
|
(ω̅𝑡,𝑣,𝛽)

𝑀𝛽(ω̅𝑡 , 𝑣, 𝛽) =
𝜕𝑇𝑡

𝜕𝛽
|
(ω̅𝑡,𝑣,𝛽) }

 
 

 
 

  (2) 
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Where 𝜉 denotes the deviance of the variable from its operational socket. Notably, the operating 

point of the WECS is entirely demarcated by𝑣. Then the linearized state-space representation of the WECS is 

expressed using:  

 

𝑎̇(𝑡) = 𝑷̃𝒙(𝑡) + 𝑸̃𝒖𝒖(𝑡) + 𝑸̃𝒗𝜉𝑣(𝑡)

𝑏(𝑡) = 𝑹̃𝒙(𝑡) 
 (3) 

 

𝑷̃ =

[
 
 
 
 
 
 
 
 

𝐿ω

𝐽𝑡
0 −

𝑖

𝐽𝑡
0

𝐿𝛽

𝐽𝑡

0 0
1

𝐽𝑔
−

1

𝐽𝑔
0

𝑘𝑠𝑖 +
𝑖𝐵𝑠

𝐽𝑡
𝐿ω −𝑘𝑠 −(

𝑖2𝐵𝑠

𝐽𝑡
+

𝐵𝑠

𝐽𝑔
) 0

𝑖𝐵𝑠

𝐽𝑡
𝐿𝛽

0 0 0 −
1

𝜏𝑔
0

0 0 0 0 −
1

𝜏 ]
 
 
 
 
 
 
 
 

 (4) 

 

𝑸̃𝒖 =

[
 
 
 
 
 
0 0
0 0
0 0
1

𝜏𝑔
0

0
1

𝜏 ]
 
 
 
 
 

 (5) 

 

𝑸̃𝒗 =

[
 
 
 
 
 

𝐿𝑣 

𝐽𝑡

0
𝑖𝐵𝑠

𝐽𝑡
𝐿𝑣

0
0 ]

 
 
 
 
 

 (6) 

 

𝑹̃ = [
0 1 0 0 0
0 𝑃̅𝑔 0 𝜔̅𝑔 0] (7) 

 

Where 

𝒂 ≝ [𝜉𝜔𝑡 𝜉𝜔𝑔 𝜉𝑇𝑡𝑤 𝜉𝑇𝑔 𝜉𝛽]𝑇 ∈ ℝ5 denotes the state vector,  
𝒖 ≝ [𝜉𝑇𝑔

∗ 𝜉𝛽∗]𝑇 ∈ ℝ2represents the control input  

𝒃 ≝ [𝜉𝜔𝑔 𝜉𝑃𝑔]𝑇 ∈ ℝ2 terms the measured output.  

 

 

3. PROPOSED METHODOLOGY 

The literature survey perceives that the linear model predictive changes the operating point 

continuously, leading to degradation notably in the closed-loop performance. Therefore, the researchers 

carried out a wide-ranging research exertion to encompass the applicability of predictive model control to a 

nonlinear system. This work attempted to use the MPMPC because the whole operating region is separated 

into 𝑀 functioning sub-regions with linearized models that characterize the local scheme dynamics within 

individual sub-regions. The proposed MPMPC method for the WECS control strategy is illustrated in  

Figure 2. The proposed scheme comprises three chief components: prediction model bank, optimization 

problem, and state estimator. The prediction model bank is comprising of 𝑀 linearized samples that signify 

the WECS dynamics in the whole working region as described in the figure, and it must be presented (8). 

 

𝑎𝑖(𝑗 + 1) = 𝐴𝑖𝑎𝑖(𝑗) + 𝐵𝑢
𝑖𝑢(𝑗) + 𝐵𝑑

𝑖 𝑑𝑖(𝑗)

𝑏𝑖(𝑗) = 𝐶𝑖𝑎𝑖(𝑘) + 𝐷𝑑
𝑖 𝑑𝑖(𝑘) 

, 𝑖 = 1, …𝑀  (8) 

 

For the WECS case, control input vector𝑢(𝑗), a state vector 𝑎𝑖(𝑗) and controlled output vector 𝑏𝑖(𝑗) of 

scheme 𝑖 in (1) at the sampling instant j are as shown in  (9). 
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Figure 2. Proposed MPMPC with the control strategy 

 

 

𝑎𝑖(𝑗) ≝ [𝛿𝜔𝑡
𝑖(𝑗) 𝛿𝜔𝑔

𝑖 (𝑗) 𝛿𝑇𝑡𝑤
𝑖 (𝑗) 𝛿𝑇𝑔

𝑖(𝑗) 𝛿𝛽𝑖(𝑗)]
𝑇

𝑢(𝑗) ≝ [𝛿𝑇𝑔
∗(𝑗) 𝛿𝛽∗(𝑗)]𝑇 

𝑏𝑖(𝑗) ≝ [𝛿𝜔𝑔
𝑖 (𝑗) 𝛿𝑃𝑔

𝑖(𝑗)]
𝑇
 

  (9) 

 

Further, unmeasured fictitious disturbance (𝑑𝑖(𝑘) ∈ ℝ𝑛𝑑) is adapted to characterize the actual 

disturbances on the system. Moreover, it is demonstrated as the output of the LTI system as shown in (10). 

 

𝑎𝑑
𝑖 (𝑗 + 1) = 𝐴̅𝑖𝑎𝑑

𝑖 (𝑗) + 𝐵̅𝑖𝑛𝑑(𝑗)

𝑑𝑖(𝑗) = 𝐶̅𝑖𝑎𝑑
𝑖 (𝑗) + 𝐷̅𝑖𝑛𝑑(𝑗) 

 (10) 

 

It is assumed that 𝑛𝑑(𝑗) is random Gaussian noise having zero mean and unit covariance.  

Combining the above equations, the amplified prediction model adapted in the MPC construction as 

shown in (11): 

 

[
𝑎𝑖(𝑗 + 1)

𝑎𝑑
𝑖 (𝑗 + 1)

] = [
𝐴𝑖 𝐵𝑑

𝑖 𝐶̅𝑖

0 𝐴̅𝑖
] [
𝑎𝑖(𝑗)

𝑎𝑑
𝑖 (𝑗)

] + [𝐵𝑢
𝑖

0
] 𝑢(𝑗)

𝑏𝑖(𝑗) = [𝐶𝑖 + 𝐷𝑑
𝑖 𝐶̅𝑖 0] [

𝑎𝑖(𝑗)

𝑎𝑑
𝑖 (𝑗)

] 

 (11) 

 

Further, quadratic optimization is carried out by assuming information of the plant states estimates 

𝑎̂𝑖(𝑗|𝑗) and disturbance states 𝑎̂𝒅
𝒊 (𝑗|𝑗), and applied to time′𝑗′. The expression for the optimization problem is 

derived as shown in (12)-(18). 

 

min
∀ Δ𝑇𝑔

∗(𝑗+𝑘),Δ𝛽∗(𝑗+𝑘)

𝑘=0,1,…,𝑁𝑐−1

{
 
 

 
 ∑ 𝑞1

𝑖 (𝑃𝑔
∗(𝑗 + 𝑘) − 𝑃𝑔

𝑖(𝑗 + 𝑘))
2

+
𝑘=𝑁𝑝
𝑘=1

∑ 𝑞2
𝑖 (𝜔𝑔

∗(𝑗 + 𝑘) − 𝜔𝑔
𝑖 (𝑗 + 𝑘))

2

+
𝑘=𝑁𝑝
𝑘=1

∑
𝑟1
𝑖Δ𝑇𝑔

∗2(𝑗 + 𝑘) + 𝑟2
𝑖Δ𝛽∗2(𝑗 + 𝑘)

+𝑟3
𝑖𝛽∗2(𝑗 + 𝑘)

𝑘=𝑁𝑐−1
𝑘=0

}
 
 

 
 

  (12) 

 

Subject to: 

 

𝑎𝑖(𝑗) = 𝑎̂𝑖(𝑗|𝑗), 𝑎𝒅
𝑖 (𝑗) = 𝑎̂𝑑

𝑖 (𝑗|𝑗) (13) 

 

Δ𝛽𝑚𝑖𝑛 ≤ Δ𝛽
∗(𝑗 + 𝑘) ≤ Δ𝛽𝑚𝑎𝑥 , 𝑘 = 1, 2, … , 𝑁𝑐 (14) 

 

𝛽𝑚𝑖𝑛 ≤ 𝛽∗(𝑗 + 𝑘) ≤ 𝛽𝑚𝑎𝑥 , 𝑘 = 1, 2, … , 𝑁𝑐 (15) 

 

0 ≤ 𝑇𝑔
∗ ≤ 𝑇𝑔,𝑚𝑎𝑥 , 𝑘 = 1, 2, … , 𝑁𝑐 (16) 
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𝜔𝑔
𝑖 (𝑗 + 𝑘) ≤ 𝜔𝑔,𝑚𝑎𝑥  , 𝑘 = 1, 2, … , 𝑁𝑝 (17) 

 

𝑃𝑔
𝑖(𝑗 + 𝑘) ≤ 𝑃𝑔,𝑚𝑎𝑥 , 𝑘 = 1, 2, … ,𝑁𝑝 (18) 

 

Where the term 'max and min' is used to signify the maximum and minimum dynamical limit. Also, 

the terms𝑇𝑔,𝑚𝑎𝑥 , 𝜔𝑔,𝑚𝑎𝑥  and 𝑃𝑔,𝑚𝑎𝑥  are more significant than the rated turbine parameters. Moreover, state 

observer is used to computing the state estimates comprising of 𝑀 linear state observers as expressed below. 

The gain of the scheme (𝐽𝑖) is calculated using Kalman filtering practices. 

 

[
𝑎̂𝑖(𝑗|𝑗)

𝑎̂𝑑
𝑖 (𝑗|𝑗)

] = [
𝑎𝑖(𝑗|𝑗 − 1)

𝑎𝑑
𝑖 (𝑗|𝑗 − 1)

] + 𝐽𝑖 (𝑏(𝑗) − (𝐶𝑖 + 𝐷𝑑
𝑖 𝐶̅𝑖)𝑎̂𝑖(𝑗|𝑗 − 1)) (19) 

 

[
𝑎̂𝑖(𝑗 + 1|𝑗)

𝑎̂𝑑
𝑖 (𝑗 + 1|𝑗)

] = [
𝐴𝑖 𝐵𝑑

𝑖 𝐶̅𝑖

0 𝐴̅𝑖
] [
𝑎̂𝑖(𝑗|𝑗)

𝑎̂𝑑
𝑖 (𝑗|𝑗)

] + [𝐵𝑢
𝑖

0
] 𝑢(𝑗) (20) 

 

 

4. RESULTS AND DISCUSSIONS 

4.1. Turbine characteristics 

The proposed scheme is simulated to analyze the turbine characteristics. Initially, the generated 

wind field is examined on the blade, and the observed feature is shown in Figure 3. It exposes the magnitude 

of the generated wind with respect to time; maintained between 10 to 22 RPM. Further, pole-zero mapping is 

examined for two cases i.e., open-loop and closed-loop systems which are illustrated in Figures 4 (a) and  

4 (b). It is perceived that the both cases mapped the poles sufficiently. It represents the effectiveness of the 

proposed approach for the wind energy system. 

 

 

 
 

Figure 3. Wind field generated 

 

 

 
 

(a) (b) 

 

Figure 4. Pole zero mapping (a) open loop system (b) closed loop system 
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Also, the turbine fatigue of the WECS is evaluated for two states, i.e., with MPC and MPMPC. The 

simulated characteristic and their comparative state of the fatigue is illustrated in Figure 5. It is noticed that 

the MPMPC performed well with declined fatigue concentration compared with MPC. This is due to the 

effective control action of multi-point factors applied in the MPMPC approach. The regulation of the 

proposed system is performed using MPMPC sub-regions; notably, pitch angle for the individual blades, and 

the experimental plots are given in Figure 6. It is observed that the control action is performed for all three 

blades uniformly. Therefore, it can enhance the overall performance of the WECS to attain higher efficiency 

with lower fatigue magnitude. 

 

 

 
 

Figure 5. Turbine fatigue characteristics 

 

 

 
 

Figure 6. Control action for Individual blades 
 

 

Further, the edgewise bending moments are scrutinized for the individual blades against time 

variation, and the observed characteristics are illustrated in Figure 7 for two controllers. The proposed 

controller shows more excellent performance compared with MPC on all blades. Additionally, the generated 

power from the turbine and shaft speed are evaluated and illustrated in Figures 8 (a) and 8 (b). The active 

generated power attained a significant magnitude as represented in the figure, and the shaft speed increased 

from lower to higher scale linearly.  
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Figure 7. Edgewise bending moment 

 

 

  
(a) (b) 

 

Figure 8. There figures are (a) power generated (b) shaft speed of wind turbine 

 

 

4.2. Lifetime analysis 

To endorse the effectiveness of the suggested control scheme, a statistical examination of the above 

illustrated simulation outputs is executed considering the below parameters: basic lifetime until failure, DEL 

(Short term), DEL (Lifetime) 

The statistical forecast of the lifespan of the WT mechanisms is hinge on the force and moments 

detected at diverse elements of the WT. In this work, two factors are adapted for analysis with blade root and 

tower top; Root flap-wise and edgewise shear force (blade bending moment). Tower top flap-wise and side-

side shear force (tower top deflection). 

 

4.2.1.  Blade root bending moment 

The lifespan examination based on the blade root bending moment of the distinct blade is studied, 

and the perceived results are illustrated in Figures 9 (a)-(d). The basic lifetime (until failure) shows an 

exceptional performance for MPMPC compared with other controllers, namely MPC, LQBC, and PI. Further, 

basic short-term and basic lifetime DELs offer improved characteristics for the proposed MPMPC controller. 

Also, the range of bending moments of the suggested controller is less associated with other conventional 

controllers that display the efficiency of the suggested control arrangement for WECS. 
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(a) 

 

(b) 

 

  
(c) 

 

(d) 

 

Figure 9. There figures are, (a) basic lifetime until failure, (b) basic short term DELs, (c) basic Lifetime 

DELs, (d) blade root bending moment for the individual using different controllers 

 

 

A comparative analysis is carried out between different controllers from the histograms shown 

above and illustrated in Table 2 and Table 3. The efficiency of the proposed system is assessed and compared 

with other controllers. It is observed that the efficiency is much improved for a short time and lifetime DELs. 

Further, the lifetime bending moments are adapted to inspect the lifetime until failure. It is noticed that the 

proposed controller shows a higher lifetime compared with conventional controllers. The analysis shows that 

the suggested controller proficiently damps the blade root bending moment of the distinct blades. Notably, 

both short-term and lifetime DELs are condensed radically, and the component's lifespan is augmented 

exponentially.  

 

 

Table 2. Comparison of fatigue load efficiency of the proposed controller  
Fatigue Calculations Parameters Efficiency (%) of the proposed controller over the other controllers 

PI controller LQ Based Controller MPC 

Lifetime DEL Blade averaged root Flap- wise bending 

moment 

82.33 79.47 39.02 

Blade averaged root edgewise bending 
moment 

61.55 46.32 38.20 

Short term DEL Blade averaged root Flap- wise bending 

moment 

84.91 72.34 39.21 

Blade averaged root edgewise bending 

moment 

55.95 46.23 38.23 

 

 

Table 3. Comparison of lifetime efficiency of the proposed controller  

Lifetime Analysis 

Parameters PI 

controller 

 (sec) 

LQ Based 

controller 

 (sec) 

MPC 

Controller 

 (sec) 

Multiple Point MPC 

(sec) 

Lifetime until 

failure 

Blade averaged root Flap- wise 
bending moment 

2.37e+09 1.27e+12 2.02e+13 6.549e+14 
 

Blade averaged root edge- wise 

bending moment 

1.837e+09 4.765e+11 1.547e+13 8.873e+13 
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4.2.2.  Tower top bending 

The shear forces affecting the tower top deflection are evaluated from the simulation and used for 

the lifespan investigation. The statistical illustration of the lifespan examination results is attained and 

illustrated in Figures 10 (a)-(d). The proposed controller shows better performance for tower top bending 

parameters such as basic lifetime (until failure), basic short-term DELs, basic lifetime DELs and shear force. 

Consolidating the outcomes, the proposed MPMPC enhances the WECS with well-controlled fatigue ranges. 

From the histograms shown in the above figures, the results for tower top deflection due to the tower top 

shear forces are summarized in Table 4. It associated the efficiency of the proposed controller over the 

conventional controllers in reducing the fatigue damage that increases the lifetime. 

 

 

Table 4. Comparison of fatigue load efficiency for tower top deflection 
Fatigue Calculations Parameters Efficiency (%) of the proposed controller over the other controllers 

PI controller LQ Based Controller MPC Controller 

Lifetime DEL Tower top fore-aft shear force 76.57 54.298 37.38 

Tower top side-side shear force 90.11 44.89 21.74 

 

 

Consolidating all the inferences, the proposed controller damps the tower top deflection of the wind 

turbine efficiently due to the shear forces of a nonlinear wind gust. As a result, both short-term and lifetime 

DELs are condensed significantly, and the component's lifespan is augmented exponentially. The proposed 

control strategy has more significant advantages from the results, i.e., 70% effectual than the PI pitch 

controller, 50% more effective than the LQ-based controller, and 30% more effectual than the single-point 

MPC controller. It can reduce the fatigue load greatly, and the lifetime is amplified significantly. 

 

 

  
(a) 

 

(b) 

 

  
(c) (d) 

 

Figure 10. There figures are, (a) basic lifetime until failure, (b) basic short term DEL, (c) basic Lifetime 

DEL, (d) shear force at the tower top 
 
 

5. CONCLUSION 

This work proposed a new control strategy, namely the MPMPC controller, which effectively 

mitigates fatigue loads on the WT with an optimum control act compared to other existing controllers. The 

lifespan evaluation (concerning the individual component) displays a radical enhancement in the lifespan of 

the WT while using the recommended controller. The equivalent fatigue loads of the features while using the 

proposed control strategy are less than the other controllers like LQ-based, MPC, and PI controllers, precisely 

about 37.38% greater than MPC. The intrinsic constraint handling capability of the recommended controller 
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is used to retain the pitching proportion inside the threshold rate to guarantee the constancy of the WT. Since 

the pitching proportion is optimum, the tradeoff of aerodynamic efficiency is reduced. As a whole, the 

suggested controller increases the lifespan of the WECS by about 49.50% greater than MPC and exceedingly 

more than LQ-based and PI controller that makes the wind power production more economical. It could also 

pave the way for a lightweight wind turbine with high power handling capacity with reduced cost. This work 

can be extended by proposing the control strategy for fatigue load mitigation on other components like drive 

train stress and stress on the yaw mechanism. 
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