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Abstract-This work focuses on the development and evaluation of wind pitch control techniques for a wind turbine equipped use a 

PMSG, or permanent magnet synchronizing generator. Optimizing the power is the goal. capture and enhance system stability while 

minimizing harmonic distortion in the generated electrical power. Four different control strategies are investigated: PMSG-LQR, PMSG-

LQR-PID, PMSG-PID, and PMSG-PI. The PMSG-LQR control strategy utilizes the Linear Quadratic Regulator (LQR) to optimize 

depending on the system, adjust the pitch angle dynamics and control objectives. The PMSG-LQR-PID approach combines LQR 

utilizing a PID (Proportional-Integral-Derivative) controller to speed up reaction and regulate output. The PMSG-PID technique employs 

a PID controller as the sole control strategy, while the PMSG-PI approach utilizes an integral-proportional (PI) controller. Simulations 

are conducted to utilizing a PID controlling (proportional-integral-derivative) to speed up reaction and regulate output, and harmonic 

distortion. The results show that the PMSG-LQR-PID technique achieves the lowest Total Harmonic Distortion (THD), indicating a 

cleaner and more stable power output. The PMSG-LQR technique also performs well in terms of THD, while the PMSG-PI technique 

exhibits a moderate level of distortion. However, the PMSG-PID technique shows a significantly higher THD value, suggesting poorer 

power quality. 

Keywords- PMSG-LQR,PID, PI ,Wind, Total Harmonic Distortion (THD 

1. Introduction 

The fundamental building block of the wind business is 

the wind turbine, which may use the kinetic energy of 

the wind to generate power. Wind turbines with a 

horizontal axis (HAWTs) The two fundamental types of 

wind turbines are horizontal-axis and vertical-axis 

turbines. (VAWTs). Typically, HAWTs are bigger than 

VAWTs and have a greater ability to produce power. 

they also control the wind energy sector. Modern wind 

turbines are being erected higher and larger to capture 

more energy because of the rise in power consumption 

and the expectations of efficiency from the commercial 

sector. An illustration, The Nordic N131/ 3300 tower, 

which was built in Germany, is 164 has a rotor diameter 

of meters tall. 131 m [1-2]. Due to the wind's capacity to 

produce design loads that are dominant and significant 

vibrations, a wind turbine of size is susceptible to 

damage and failure. In addition to these challenges, the 

production rate and maintenance costs have a big impact 

on how the wind energy industry develops. Although 

onshore and offshore wind turbines use comparable 

technology, each has a unique benefit, disadvantages, 

and specialization. A key factor in guaranteeing the 

efficiency and dependability of wind energy systems is 

the effectiveness of wind turbine pitch control. The pitch 

control system alters the angle of the turbine blades for 

best power collection, turbine safety, and grid stability. 

As wind energy is being incorporated into the electrical 

power grid, its effects on frequency and voltage stability 

are becoming more significant. 

The type of control approach used, the properties of the 

wind turbine rotor, and the variance in wind speeds 

throughout the rotor blades all have an impact on how 

well wind turbine pitch control works. By reducing 

aerodynamic, gravitational, and centrifugal stresses on 

the rotor blades, effective pitch control can reduce wear, 

vibration, and deterioration. Additionally, it let the wind 

to produce as much energy as possible while controlling 

the production to meet grid requirements. [3-4]. 

The investigation of and recommendation of various 

pitch control techniques has enhanced wind turbine 

performance. These include time-tested model-based 

control strategies like the linear quadratic regulator 

(LQR), the proportional-integral-derivative (PID) control 

approach, and hybrid control strategies that combine the 

advantages of several control systems. 

This study's goal is to assess and contrast the 

effectiveness of various wind turbine pitch control 

methods. The analysis of the control techniques and their 

effects on crucial performance characteristics, such as 

frequency and voltage stability, power output, efficiency, 

and the reduction of stresses on the rotor blades, is 

centered on a mathematical modeling and simulation 

methodology. This study intends to contribute to the 

development of more effective and dependable wind 
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energy systems by providing information on the 

performance of various pitch control approaches. The 

findings can guide the selection of the best control 

method for certain wind turbine layouts and operational 

circumstances, improving power production, lowering 

maintenance costs, and better integrating wind energy 

into the grid [5]. 

The control techniques investigated in this study include: 

PMSG-LQR: Utilizing the Linear Quadratic Regulator 

(LQR) control strategy, which optimizes the pitch angle 

control based on system dynamics and control 

objectives. 

PMSG-LQR-PID: A hybrid approach combining the 

LQR control strategy in conjunction with a Proportional-

Integral-Derivative (PID) controller, aiming to improve 

response time and overall control performance. 

PMSG-PID: Using a PID controller as the sole method 

of controlling pitch angle. 

PMSG-PI: Employing Pitch angle control using a 

Proportional-Integral (PI) controller, providing steady-

state accuracy and robustness. 

Wind turbines are necessary for converting wind power 

into electrical energy, and wind energy is a sustainable 

energy source that is growing swiftly. As Effective 

control techniques are more crucial as wind turbines 

grow more common in the electrical power system. The 

pitch control system, which modifies the angle of the 

turbine blades to maximize power extraction and reduce 

loads, is a crucial component of wind turbine 

management.[9] 

Problem Scope: 

This study's objective is to develop and evaluate wind 

turbines using a Permanent Magnet Synchronous Motor 

wind pitch control technologies. Generator. (PMSG). 

The specific problem is to determine the most effective 

control strategy that maximizes power output, ensures 

system stability, and minimizes harmonic distortion in 

the generated electrical power. 

Motivation: 

There are several motivations for conducting this 

research. Firstly, optimizing the pitch control system is 

essential for maximizing power capture from the wind 

and improving the overall efficiency of wind turbines. 

Secondly, maintaining grid stability is crucial when wind 

energy becomes more integrated into the electricity 

system. The power output may be controlled and wind-

related fluctuations can be lessened with good pitch 

control. Thirdly, it's crucial to lessen harmonic distortion 

in electrical power generation to maintain good power 

quality and lessen the impact on the grid and linked 

loads. 

This research intends to develop wind pitch control 

methods and their use in PMSG-based wind turbines by 

overcoming these difficulties. The results may be used to 

enhance system stability, power capture efficiency, 

control strategy optimization, and high-quality power 

generation. In the end, this study aids in the creation of 

wind energy systems that are more dependable, effective, 

and sustainable. 

2. Literature Review 

Recall that altering the generator's speed and the pitch of 

its blades are the greatest ways to alter output strength. 

To modify turbine performance along the power curve, 

the following control strategies use pitch and generator 

speed control: Fixed speed, variable speed, fixed speed 

variations, and fixed speed are the four types of pitch. 

The power curves for each of the control techniques 

displayed in Figure 9 are provided below. Considering a 

variable-speed, variable-pitch power curve is ideal, or 

VS-VP [10] 

 

Fig 1 shows the power curves for several control strategies. The optimal curve is VS-VP, or variable-speed variable-pitch. 
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Fixed-speed Fixed-pitch (FS-FP), when active control is 

ineffective in enhancing performance. In this 

configuration, the generator of the turbine is directly 

connected to the electrical grid, locking its speed to the 

frequency of the power line. These turbines are managed 

using passive stall approaches at high wind speeds. It 

does this because it ensures that the rated power is not 

exceeded when the real power and the ideal power are 

clearly different, indicating a slower rate of energy 

buildup, the gearbox ratio for this passive control must 

be carefully tuned. Please be aware that the turbine only 

operates at peak efficiency in the low-speed sector at one 

wind speed. Only one wind speed is required for the 

turbine to produce its rated output. The forbidden actions 

reveal a lack of effective power control. 

Variable-speed fixed-pitch (VS-FP) Using electronic 

power The design continually adjusts the rotor speed to 

match the wind speed in order to regulate the generator's 

synchronous speed. This sort of control shows how 

linked to the grid the generator is by enabling the rotor 

and powertrain to revolve freely without the grid 

frequency interfering. The fixed-pitch's reliance on 

passive stalling to reduce power is significantly 

influenced by the blade's design. [11-12].  

Table 1 characteristics of non-linear control methods 

Strategy Advantage Disadvantage 

regulating the sliding mode providing a steady dynamic strength in 

the event that the turbine's performance 

is unclear characteristics - ensuring 

appropriate consistency between 

efficiency changes and torque variations 

Need for wind data; Dependence on 

mathematical model of wind turbine When 

governing parameters are suddenly 

changed, the turbine is under high 

pressure, which has a high chattering 

impact. 

Integrated Control Approach 

 

An appropriate output power level that 

maintains Rotor speed that is constant 

providing a steady dynamic strength in the 

event that the turbine's performance is 

unclear 

Control with a linear quadratic 

Gaussian equation 

Unknown non-linear systems: Control 

using linear feedback Gain margin and 

phase margin are improved for rotor 

speed estimation. 

Limited controller performance as a result 

of nonlinear features on the wind turbine's 

top a poor track record as an automated 

optimizer 

Recognizing the Uncertainties Without the use of wind, air density, and 

Cp level data, the maximum active 

power may be set and obtained. 

Mechanical parameter modeling is 

challenging. 

Fuzzy Lack of reliance on parameter 

adjustments when noisy signals are 

present High simplicity and efficiency -

Earn more power because the blade 

angle isn't as important 

difficulty in modifying the membership 

functions and weighting coefficients with 

the proper system controls  An online 

optimizer is required in windy regions for 

setting the settings in their terms. 

 

3. Proposed Work 

The mechanism that regulates the generators with 

permanent magnets pitch angle (PMSG) is suggested. 

For the purpose of maximizing power output and 

optimizing pitch angle, a mix of linear quadratic 

regulator (LQR) and PI controllers will be employed. 

In order to evaluate how well PI, PID, and LQR 

controllers regulate the pitch angle, their performance 

will also be compared. 

The primary goal of the pitch the rotor blade angles are 

adjusted by the angle control system. to increase power 

production in accordance with the present wind speed. 

The gadget may maximize the quantity of power that 

can be produced from the wind by adjusting the pitch 

angle. The hybrid controller combines the LQR and PI 

techniques to fully utilize the advantages of each 

approach when used alone. In order to determine the 

best possible control signal that minimizes a specified 

cost function, the LQR controller employs optimization 

techniques. It takes system dynamics, control 

objectives, and restrictions into account. The LQR 

controller is extremely helpful for linear systems. On 

the other side, the PI controller provides dependability 

and steady-state accuracy. By combining the two 

controllers, steady-state performance, and transient 

response, the hybrid approach aims to provide the 

optimum transient response and disturbance rejection. 
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Numerous metrics will be monitored and analyzed in 

order to assess the efficacy Pitch Angle Control 

System. Real power, efficiency, voltage, and current 

are some of these factors. Similarly, reactive power 

Voltage and current measurements show the system's 

electrical characteristics, while efficiency assesses how 

successfully the system converts wind energy into 

electrical power. Measuring the real and reactive 

powers makes it simpler to quantify the real and 

Interaction between the grid and reactive power. In the 

recommended system, the wind speed may be 

manually changed. This makes it possible to assess the 

control approaches' ability to adapt to and maximize 

power production under diverse wind conditions. 

 

Fig.2 Proposed Block Diagram 

PMSG-LQR-PID: A proportional-integral-derivative 

approach is used in this technique. (PID) controller 

with the LQR control technique. The derivative term 

that the PID controller adds to the control signal 

accounts for the error's rate of change. Through this 

combination, the reaction time, oscillation damping, 

and overall control performance are all intended to be 

improved. 

PMSG-PI: For pitch angle control, this method 

employs a proportional-integral (PI) controller. The PI 

controller generates the control signal by integrating 

the error over time and adjusting the pitch angle in 

response to the error. It offers resilience and steady-

state precision for adjusting pitch angle.  

A-PMSG –LQR Modeling 

 

Fig.3 Wind Pitch Control Techniques Based On PMSG –LQR 

Permanent Magnet Synchronous Machine 

Resistance in each phase of the PMSG is represented 

by the stator phase resistance, or Rs. The value in this 

instance is 0.425 ohms. The PMSG's direct and 

quadrature axis inductances are represented by the 

inductances Ld and Lq. The values are reported as 

0.0082 Henry for both inductances. The flux linkage is 

a representation of the PMSG's magnetic flux 

connection. The value in this instance is stated as 

0.433. The mechanical characteristics of the wind 
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turbine system are described by the parameters inertia, 

viscous damping, pole pairs, and static friction (J, F, p, 

Tf).Inertia (J): Its value is 0.01197  kg.m2, and it 

denotes the moment of inertia of the wind turbine rotor. 

Viscous damping (F): A graph illustrating the viscous 

damping coefficient as 0.001189 N.m.s.[13-14] 

PMSG Model Equations: 

The electrical and mechanical equations below can be 

used to simulate the PMSG: 

Electrical Equations: 

Stator Voltage Equations: 

Vsd = Rs * Isd - ωr * Lq * Isq + ωr * λd 

Vsq = Rs * Isq + ωr * Ld * Isd + ωr * λq 

Mechanical Equations: 

Mechanical Torque Equation: 

Te = 3/2 * p * (λd * Isq - λq * Isd) 

Tm = J * dωr/dt + B * ωr + Tf 

Linear Quadratic Regulator (LQR) Control: 

The LQR control technique uses a state feedback 

control law to regulate the pitch angle based on system 

dynamics. The control law is designed to minimize a 

quadratic cost function that captures control objectives 

and performance requirements. The state feedback 

control law is given by: 

u(t) = -K * x(t)                                      Eq.1  

State Space Model: 

By combining the PMSG model equations and the 

LQR control law, a state space model can be derived. 

The state space model is represented as: 

dx(t)/dt = Ax(t) + Bu(t)                        Eq.2 

                                                          y(t) = Cx(t)                            

Eq.3 

A, B, and C are matrices that represent the system 

dynamics. The specific form of the A, B, and C 

matrices will depend on the chosen PMSG model and 

the control objectives. By formulating the PMSG-LQR 

control system using these mathematical modeling 

equations, it is possible to analyze and design the 

control strategy, tune the LQR gain matrix, and 

simulate the behavior of the wind pitch control 

system.[15] This enables the evaluation and 

optimization of the system's performance in terms of 

pitch angle regulation, power extraction, and response 

to different operating conditions. 

 

 

Fig.4 LQR subsystem 

The LQR (Linear Quadratic Regulator) subsystem is a 

key component of the wind pitch control system based 

on PMSG-LQR. It is responsible for generating the 

control signal (pitch angle command) based on the 

system states and desired control objectives. Here, I'll 

explain the components and equations involved in the 

LQR subsystem. 

State Vector: 

The state vector represents the system states that are 

used for feedback control. The specific states included 

in the vector will depend on the chosen PMSG model 

and the control objectives. Common states in a PMSG-

LQR system may include rotor speed, flux linkages, 

and current components. 

x(t) = [x1(t), x2(t), ..., xn(t)]^T Eq.4 

Control Input:The control input is the desired output 

of the LQR subsystem, which is the pitch angle 

command. It determines the angle at which the wind 

turbine blades should be positioned to achieve the 

desired control objectives. 
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u(t) = pitch angle command 

State Feedback Control Law: 

The LQR control law employs state feedback to 

generate the control input. The control law is designed 

to minimize a quadratic cost function that captures 

control objectives and performance requirements. The 

state feedback control law is given by: 

u(t) = -K * x(t) Eq.5 

Here, K is the system model's state feedback gain 

matrix, which is computed based on the intended 

control goals. Because it makes a connection between 

the system states and the control input, the gain matrix 

is crucial for managing the pitch angle. 

Quadratic Cost Function: 

The control technique minimizes a quadratic cost 

function to get the LQR Optimal control performance. 

Typically, the cost function requires the following 

form: 

J = ∫ [x(t)^T * Q * x(t) + u(t)^T * R * u(t)] dt Eq.6 

 Here, Q is the control input weighting matrix, while R 

is the state weighting matrix. These matrices are 

chosen to assign the states and control input the 

appropriate weights based on their respective 

importance to the control objectives.. The LQR method 

enhances the control law by altering the state feedback 

gain matrix (K) to minimize the cost function. The 

ideal gain matrix for the stated system model and cost 

function weights is created by solving the algebraic 

Rickety problem.[17] 

Simulation Result PMSG –LQR 

A numerical simulation or software tool created 

especially for wind turbine modeling and control can 

be used to acquire simulation results for the PMSG-

LQR wind pitch control system. These tools make it 

possible to simulate the PMSG model and use the LQR 

control method      a number of inputs and parameters, 

including wind speed, beginning circumstances, 

control Before the simulation may start, gains and 

desired control objectives must be defined. The 

simulation tool will then calculate the system response, 

which will also result in some interesting output 

variables.

 

 

Fig.5 turbine power characteristics 

At its quickest, the pitch angle may shift by three to ten 

degrees every second. The speed of the rotor may be 

increased somewhat from its default speed thanks to 

the pitch angle controller. The wind turbine's 

construction is unaffected in any way by this. The 

amount of power the rotor receives from the wind may 

be directly controlled via pitch actuators at the tips of 

the blades. The pitch angle will be close to 45 degrees 

when the wind speed is very low and the rotor rotates 

very slowly or not at all. This will provide the rotor 

with the greatest starting moment, enabling it to 

accelerate more quickly as the wind speed increases. 

The controller will then rotate the blades such that they 

point in the direction that is opposed to the direction of 

the wind. To come closer to the nominal speed, the 

rotor and generator will accelerate, and the controller 

will use speed control to try to maintain stability. The 

generator will be disconnected from the grid and the 

controller will take over speed management when the 

wind speed drops below a certain threshold and the 

quantity of electricity generated turns negative.   
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Fig.6 rotor speed and mechanical and electrical torque 

 

Fig.7 real and reactive power 

 

Fig.8 Pac RMS power 
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Fig.9 three phased voltage and current of P MSG generator 

 

Fig. 10 THD performance of  PMSG –LQR 

B-PMSG –LQR-PID Modeling 

The LQR controller and PID controller are integrated 

to provide a hybrid control technique in the PMSG-

LQR-PID control system. In order to get the best pitch 

angle control performance, the LQR controller 

primarily controls quick dynamics. On the other hand, 

the PID controller concentrates on fine-tuning the 

control signal to increase the system's responsiveness 

and resilience. 

LQR-PID hybrid control system - The LQR 

controller serves as the primary controller in a LQR-

PID hybrid control system, while the PID controller 

serves as a secondary controller to offer extra control 

action. This hybrid technique attempts to improve the 

performance and resilience of the wind pitch control 

system. The particular implementation details, 

including the tuning of the LQR and PID parameters, 

will rely on the system dynamics, control objectives, 

and performance requirements. I'll give the 

mathematical formulation for the hybrid PMSG-LQR-

PID control system here. 

PMSG Model Equations: The electrical and 

mechanical dynamics of the PMSG are described by 

the equations for the PMSG model. These equations 

match those from the PMSG-LQR control system that 

were previously discussed. 

LQR Control: The LQR A state feedback control law 

is provided by control component [18] to control the 
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pitch angle in accordance with system states. The 

control input is determined as follows:   u_LQR(t) = -K 

* x(t) Eq.7 

Here, K is the state feedback gain matrix, x(t) is the 

system state vector, and u_LQR(t) is the control input 

from the LQR controller. 

PID Control: Based on the discrepancy between the 

target pitch angle and the actual pitch angle, the PID 

control component is employed to further refine the 

control input. The PID controller receives its control 

input from:  u_PID(t) = Kp * e(t) + Ki * ∫ e(t) dt + Kd 

* de(t)/dt Eq.8 

Here, u_PID(t) , The control input from the PID 

controller is the proportional, integral, and derivative 

gains, denoted by the letters Kp, Ki, and Kd, 

respectively. Pitch angle error is a measurement of the 

discrepancy between the desired and actual pitch 

angles, and it is quantified by the ratio. e(t)/dt. 

Hybrid Control: The LQR and PID The hybrid 

control system combines the control inputs from the 

controllers. The final control input is obtained by 

linearly combining the LQR and PID control inputs. 

u(t):  u(t) = u_LQR(t) + u_PID(t) Eq.9 

It is possible to alter the pitch angle of the wind turbine 

blades. using this hybrid control input. The PMSG-

LQR-PID hybrid control system can produce improved 

control performance by merging the LQR and PID 

control components. The PID component enhances 

tracking of the intended pitch angle and corrects for 

any steady-state mistake, while the LQR component 

offers optimum control based on system states.

 

Fig.11 Wind Pitch Control Techniques Based On PMSG –LQR-PID 

 

Fig.12 LQR and PID Subsystem 

Figure 12 demonstrates the common PID used in the 

Simulink model of the wind turbine pitch control 

system. Figure 11 displays the PID controller's control 

parameters. We built a mathematical model of the wind 
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turbine pitch control system and used 

MATLAB/Simulink and a PID controller to simulate it 

in order to get the best response. 

This block implements both continuous and discrete 

time PID control techniques and includes complex 

features like signal tracking, external reset, and anti-

windup. The "Tune..." button on the PID allows gains 

to be automatically modified (Simulink Control Design 

is required). [20 

Simulation Result PMSG –LQR-PID  

The simulation will demonstrate how the pitch angle 

responds to variations in wind speed and the intended 

control goals. It will show how the PMSG-LQR-PID 

control system modifies the pitch angle to manage the 

power output and obtain the required performance.

 

 

Fig.13  rotor speed and mechanical and electrical torque 

 

Fig.14 Pac  RMS power 

 

Fig.15  three phased voltage and current of PMSG generator 
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Fig.16  real and reactive power 

 

Fig.17 turbine power characteristics 

 

Fig. 18 THD performance of  PMSG –LQR-PID 

C-PMSG –PI Modeling 

The PMSG-PI (Proportional-Integral) control system, 

which is based on a PMSG, regulates the pitch angle of 

a wind turbine using a PI controller. If the anticipated 

pitch angle and the actual pitch angle differ from one 

other, the PI controller adjusts the pitch angle 

accordingly. Here is a schematic of the mathematical 

model for the PMSG-PI control system. 

Pitch Angle Control: 

The pitch angle control system adjusts the wind turbine 

blade angles to maximize power output and ensure 

steady operation. The aerodynamic forces acting on the 

blades are controlled by the pitch angle, which also 

affects how much power is produced by the turbine. 

The pitch angle is controlled by a PI controller in the 

PMSG-PI control system. 
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Error Calculation: 

The difference between the expected pitch angle, or set 

point, and the actual pitch angle is how the control 

algorithm determines the error: 

e(t) = desired pitch angle - actual pitch angle 

PI Control Law: 

The PI controller decides the control signal to use in 

accordance with the error signal. The input under 

control is the sum of the integral and proportional 

terms..    u(t) = Kp * e(t) + Ki * ∫ e(t) dt Eq.10  In this 

case, Kp is the proportional gain, Ki is the integral 

gain, and u(t) is the control input (instruction to adjust 

the pitch angle). The proportional term, Kp * e(t), 

reacts promptly to the mistake, but the integral 

component, Ki * e(t) dt, eliminates steady-state error 

and provides long-term control. 

Pitch Angle Adjustment: The PI controller's control 

input may be used to modify the pitch angle of the 

wind turbine blades. The control system continuously 

computes the control signal based on the error and 

adjusts the pitch angle as necessary to maintain the 

correct performance. in order to successfully achieve 

desired control goals, such power optimization and 

system stability, the PMSG-PI The wind turbine's pitch 

angle can be successfully controlled by the control 

system. The gains (Kp and Ki) of the PI controller 

must be precisely tuned while taking into consideration 

the special characteristics and control requirements of 

wind turbines in order to achieve optimal 

performance.[21-23] 

 

Fig.19 Wind Pitch Control Techniques Based On  PMSG -PI 

 

Proportional Integral (PI) Controller 

Proportional In certain situations, Integral controllers 

are sometimes known as proportional plus integral (PI) 

controllers. This sort of controller is produced by 

fusing proportional control action and integral control 

action. As a result, we call it the PI controller. The 

proportional-integral controller makes use of both the 

integral controller's and proportional controller's 

control actions. The two distinct controllers together 

provide a superior controller without the drawbacks of 

the two individual controllers. 

Simulation Results and Analysis of PMSG -PI 

The simulation will demonstrate how the pitch angle 

responds to adjustments in the wind speed and control 

instructions. It will show how the PMSG-PI control 

system modifies the pitch angle in order to manage the 

power output and achieve the required performance. 

Both the pitch angle's transitory beginning behavior 

and its steady-state behavior will be included in the 

response.
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Fig.20 Pac RMS power 

Obtain the instantaneous power values: Measure or 

calculate the instantaneous power generated by the wind 

turbine at each time step. This can be done by 

multiplying the wind turbine's voltage and current values 

Mathematically, the calculation of RMS power (Pac) can 

be expressed as: 

Pac = sqrt((1/N) * Σ(P^2)) Eq.11 

Where: 

Pac: RMS power (average power) 

N: Total number of data points or time steps 

Σ: Summation symbol 

P: Instantaneous power value at each time step

 

Fig.21 real and reactive power 

 

Fig.22 three phased voltage and current of PMSG generator 
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Fig.23 rotor speed and mechanical and electrical torque 

 

Fig.24 turbine power characteristics 

 

Fig. 25 THD performance of  PMSG -PI 

D-PMSG –PID Modeling 

PID is utilized on the pitch angle controller to regulate 

the wind turbine's speed. The FA technique (PMSG) is 

used to adjust the control speed in wind turbines using 

permanent magnet synchronous generators. The speed 

control system must be able to maintain the ship's 

motion at the same speed when the wind speed is 

below average. Then it will exert all of its power, 

which will improve the efficiency of the turbine the 

pitch angle needs to be adjusted when the wind speed 

is higher than desired. Power output may be 

significantly impacted by even a little variation in pitch 

angle. When the wind speed is greater than the on 

speed, one approach to alter the aerodynamic thrust of 

a wind turbine is to alter the pitch angle. 
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Fig.26 Wind Pitch Control Techniques Based On PMSG –LQR-PID 

Simulation Results and Analysis of PMSG –PI 

To obtain simulation results for the PMSG-PI wind 

pitch control system, a numerical simulation or 

software tool capable of modeling the system dynamics 

and implementing the PI control algorithm is required.

 

Fig.27 rotor speed and mechanical and electrical torque 

 

Fig.28 real and reactive power 



International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2023, 11(10s), 923–941 |  938 

 

Fig.29  Pac  RMS power 

 

Fig.30 three phased voltage and current of PMSG generator 

 

Fig.31 turbine power characteristics 

 

Fig. 32 THD performance of PMSG –PID 
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Table 1 Comparison Result with Different Pitch Control Technique  

Techniques THD (%) 

PMSG –LQR 12.50 

PMSG –LQR-PID 4.90 

PMSG –PID 60.03 

PMSG –PI 23.26 

 

The Total Harmonic Distortion (THD) is a measure of 

the distortion in a signal compared to its fundamental 

frequency. In the context of wind turbine power control 

techniques, THD is used to evaluate the quality of the 

generated electrical power waveform. A lower THD 

value indicates a cleaner and more stable power output. 

Based on the provided THD values for different wind 

turbine control techniques, here is a comparison: 

PMSG-LQR: The THD value for the PMSG-LQR 

control technique is 12.50%. This indicates that the 

generated electrical power waveform has a distortion 

level of 12.50% compared to the fundamental 

frequency. 

PMSG-LQR-PID: The PMSG-LQR-PID control 

technique shows a lower THD value of 4.90%. This 

suggests that the power output with this hybrid control 

strategy has a lower distortion level compared to the 

PMSG-LQR technique. 

PMSG-PID: The PMSG-PID control technique 

exhibits a higher THD value of 60.03%. This indicates 

a significantly higher distortion level in the generated 

electrical power waveform compared to the other 

control techniques. 

PMSG-PI: The THD value for the PMSG-PI control 

technique is 23.26%. This suggests a moderate level of 

distortion in the generated electrical power waveform 

compared to the fundamental frequency.From the 

provided THD values, it can be observed that the 

PMSG-LQR-PID control technique offers the lowest 

distortion level among the listed techniques. This 

indicates that the hybrid approach combining LQR and 

PID control can help improve the power quality by 

reducing harmonic distortions. On the other hand, the 

PMSG-PID technique shows a considerably higher 

THD value, suggesting a higher level of distortion in 

the power waveform. 

 

 

Fig.33 Comparison Result with Different Pitch Control Technique  

4. Conclusion 

In conclusion, the PMSG-LQR-PID control strategy 

emerges as the most promising wind pitch control 

technique among the evaluated options. It combines the 

advantages of LQR optimization, PID response 

characteristics, and integral control to achieve 

improved power quality, control efficiency, and 

robustness. However It is crucial to remember that 

choosing the best control method depends on a number 

of criteria, including the specific wind turbine system, 

desired control objectives, and system requirements. 

Further analysis, validation, and fine-tuning of the 

control to maximize the effectiveness of the chosen 

approach in real-world wind turbine applications, 

certain criteria are required 

Performance Comparison: Among the evaluated 

techniques, the PMSG-LQR-PID control strategy 

demonstrates the best performance. It achieves a lower 
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Compared to the other methods, the Total Harmonic 

Distortion (THD) number shows a cleaner and more 

steady power output. In terms of THD, the PMSG-

LQR approach likewise performs well, however the 

PMSG-PI technique exhibits a modest amount of 

distortion. However, the PMSG-PID technique exhibits 

a significantly higher THD value, suggesting poorer 

power quality. 

Control Efficiency: The PMSG-LQR-PID control 

strategy combines the advantages of both LQR and 

PID controllers. It benefits from the optimization 

capabilities of the LQR controller and the improved 

response time and damping characteristics of the PID 

controller. This hybrid approach shows promising 

results in terms of control efficiency, achieving the 

desired pitch angle response with lower oscillations 

and faster settling time. 

Control Robustness: The PMSG-LQR-PID and PMSG-

PI control techniques offer better control robustness 

compared to the PMSG-PID technique. The inclusion 

of integral control in both strategies helps to mitigate 

steady-state errors and enhance disturbance rejection 

capabilities. The PMSG-LQR technique also benefits 

from the optimization properties of the LQR controller, 

allowing it to handle uncertainties and disturbances 

more effectively. 

Reference 

[1] Andersen, P.B., 2005. Load alleviation on wind 

turbine blades using variable airfoil geometry (2D 

and 3D study). Technical University of Denmark.  

[2] Balas, M.J. & Pao, L.Y., 2004. Methods for 

increasing region 2 power capture on a 

variablespeed wind turbine.  

[3] Bossanyi, E., 2003. Individual blade pitch control 

for load reduction. Wind energy, 6(2), pp.119–128. 

\ Jonkman, J.M. et al., 2009. Definition of a 5-MW 

reference wind turbine for offshore system 

development, National Renewable Energy 

Laboratory Colorado.  

[4]  Johnson, K.E., 2004. Adaptive Torque Control of 

Variable Speed Wind Turbines. National 

Renewable Energy Laboratory. 

[5] Lackner, M., 2009. An Investigation of Trailing 

Edge Flaps in a Wind Turbine.  

[6] Lackner, M.A., and Rotea, M.A. Passive structural 

control of offshore wind turbines. Wind Energy 

(September 2010). DOI: 10.1002/we.426 78 

[7]  Laks, J.H., Pao, L.Y. & Wright, A.D., 2009. 

Control of wind turbines: Past, present, and future. 

In American Control Conference, 2009. ACC’09. 

pp. 2096–2103.  

[8]  Pierce, K., 1999. Control Method for Improved 

Energy Capture Below Rated Power (Preprint 

prepared for ASME/JSME).  

[9]  Stol, K.A., 2003. Disturbance tracking control and 

blade load mitigation for variable-speed wind 

turbines. TRANSACTIONS-AMERICAN 

SOCIETY OF MECHANICAL ENGINEERS 

JOURNAL OF SOLAR ENERGY 

ENGINEERING, 125(4), pp.396–401. 

[10] Zheng, W., Minghui, Y., Baozhu, D., Weijie, L. 

and Lingke, Z., "Nonlinear tracking controller of 

variable speed wind turbines with the parameter 

adjusted by fuzzy logic", Proceeding of the 

IEEE/CCC, (2015), 7934-7938. 

[11] . Hong, C., Huang, C. and Cheng, F., "Sliding mode 

control for variable-speed wind turbine generation 

systems using artificial neural network", Energy 

Procedia, Vol. 61, (2014), 1626-1629.  

[12] Shahgholian, G., Karimi, H. and Mahmoodian, H., 

"Design a power system stabilizer based on fuzzy 

sliding mode control theory", International Review 

on Modelling and Simulations, Vol. 5, No. 5, 

(2012), 2191-2196 

[13] Valenciaga, F., Puleston, P.F. and Bettaiotto, P.E., 

"Power control of a solar/wind generation system 

without wind measurement: A passivity/ sliding 

mode approach", IEEE Transactions on Energy 

Conversion, Vol. 18, No. 4, (2003), 501-507.  

[14] De Battista, H., Mantz, R.J. and Christiansen, C.F., 

"Dynamical sliding mode power control of wind 

driven induction generators", IEEE Transactions on 

Energy Conversion, Vol. 15, No. 4, (2000), 451-

457. 

[15]  Valenciaga, F. and Fernandez, R.D., "Multiple-

input–multipleoutput high-order sliding mode 

control for a permanent magnet synchronous 

generator wind-based system with grid support 

capabilities", IET Renewable Power Generation, 

Vol. 9, No. 8, (2015), 925-934. 

[16] . Beltran, B., Ahmed-Ali, T. and Benbouzid, 

M.E.H., "Sliding mode power control of variable 

speed wind energy Conversion Systems", IEEE 

Transactions on Energy Conversion, Vol. 23, No. 2, 

(2008), 551-558. 

[17] . Liao, K., He, Z., Xu, Y., Chen, G., Dong, Z.Y. and 

Wong, K.P., "A sliding mode based damping 

control of DFIG for interarea power oscillations", 

IEEE Transactions on Sustainable Energy, Vol. 8, 

No. 1, (2017), 258-267. 

[18] . Shahgholian, G. and Azimi, Z., "Analysis and 

design of a DSTATCOM based on sliding mode 

control strategy for improvement of voltage sag in 

distribution systems", Electronics, Vol. 5, No. 3, 

(2016), 1-12. 



International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2023, 11(10s), 923–941 |  941 

[19] . Yang, M., Bao, X., Jiang, E., Deng, W., Li, J., 

Wang, L., Ren L., and Wang, P., "The pitch angle 

control of squirrel-cage induction generator wind 

power generation system using sliding mode 

control", Procedding of the IEEE/EPE, (2014), 1-

10. 34 G. Shahgholian et al. / JREE: Vol. 4, No. 1, 

(Winter 2017) 20-35  

[20]  S Boukhezzar, B. and Siguerdidjane, H., 

"Nonlinear control of variable speed wind turbines 

for power regulation", Proceeding of the 

IEEE/CCA, (2005), 114-119. 

[21] . Boukhezzar, B., Lupu, L., Siguerdidjane, H. and 

Hand, M., "Multivariable control strategy for 

variable speed, variable pitch wind turbines", 

Renewable Energy, Vol. 32, No. 8, (2007), 1273–

1287. 

[22] Different Types of Pitch Angle Control Strategies 

Used in Wind Turbine System Applications Ehsan 

Hosseini, Ghazanfar Shahgholian* REE: Vol. 4, 

No. 1, (Winter 2017) 20-35 G. Shahgholian et al. / 

JREE: Vol. 4, No. 1, (Winter 2017) 20-35 

[23] Design and Simulation of an LQR-PI Control 

Algorithm for Medium Wind Turbine Kwansu Kim 

1, Hyun-Gyu Kim 1, Yuan Song 1 and Insu Paek 

2,* Energies 2019, 12, 2248; 

doi:10.3390/en12122248 

www.mdpi.com/journal/energies 

[24] Dr. M. Varadharaj. (2019). Density Based Traffic 

Control System with Smart Sensing Of Emergency 

Vehicles. International Journal of New Practices in 

Management and Engineering, 8(02), 01 - 07. 

https://doi.org/10.17762/ijnpme.v8i02.75 

[25] Jhade, S. ., Kumar, V. S. ., Kuntavai, T. ., Shekhar 

Pandey, P. ., Sundaram, A. ., & Parasa, G. . (2023). 

An Energy Efficient and Cost Reduction based 

Hybridization Scheme for Mobile Ad-hoc 

Networks (MANET) over the Internet of Things 

(IoT). International Journal on Recent and 

Innovation Trends in Computing and 

Communication, 11(2s), 157–166. 

https://doi.org/10.17762/ijritcc.v11i2s.6038 

[26] Dhanikonda, S. R., Sowjanya, P., Ramanaiah, M. 

L., Joshi, R., Krishna Mohan, B. H., Dhabliya, D., 

& Raja, N. K. (2022). An efficient deep learning 

model with interrelated tagging prototype with 

segmentation for telugu optical character 

recognition. Scientific Programming, 022 

doi:10.1155/2022/1059004

 

 

 


