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ABSTRACT: 

Wind energy stands as one of the rapidly expanding sources of renewable energy worldwide. The intermittent 

nature of wind energy presents obstacles for integrating it into the grid, primarily because of the fluctuating power 

output from wind turbines. To ensure grid compatibility and enhance power quality, effective control strategies 

are imperative. This paper introduces a novel control scheme design for three-phase grid-connected wind energy 

conversion systems (WECS) aimed at optimizing power quality. By addressing the variability in wind power 

generation, the proposed control scheme facilitates seamless integration with the power grid, thus ensuring stable 

and reliable operation. Through advanced control techniques, this approach mitigates fluctuations in generator 

output, enhancing the overall performance and efficiency of WECS. The effectiveness of the proposed control 

scheme with matrix converter with different power quality parameters is demonstrated through Validation of the 

proposed system is verified through MATLAB/Simulink simulation showcasing its potential to strengthen the 

reliability and viability of wind energy as a sustainable power source. 

Keywords: WECS, Matrix converter, Power Quality, Induction generator Power electronics. 

INTRODUCTION 

This paper presents an innovative application of wind energy conversion system (WECS) integrated with a matrix 

converter to address the challenges associated with variable wind speeds and their impact on load performance. 

The inherent advantages of WECS make it a promising energy source, but fluctuations in wind speed can affect 

the generated voltage and frequency, thus impacting load performance. To mitigate these effects, a matrix 

converter is employed to regulate the voltage and frequency of the load. A self-excited induction generator is 

chosen for its ease of maintenance and inherent protection against short circuits.  

 

Compared to conventional AC-DC-AC converters, the matrix converter eliminates bulky capacitors and offers 

precise control over the displacement factor at its input. Additionally, it output forms cycloconverters by providing 

a wider range of frequency control, enabling output frequencies to be greater than, equal to, or less than the input 

frequency. Simulation and experimental results across various operating points validate the effectiveness of the 

proposed system, demonstrating consistent performance in line with expectations. This integration of WECS with 

matrix converter technology holds promise for enhancing the stability and reliability of wind energy systems in 

diverse applications. 

 

Overview of the contributing factors including sophisticated electronics and non-linear loads. Significance of 

addressing PQ issues for both utilities and consumers. Power Quality Problems and Causes Identification and 

characterization of common PQ issues such as harmonics, voltage fluctuations, and interruptions. Discussion on 

the underlying causes including non-linear loads, switching operations, and grid disturbances. Consequences of 

Power Quality Issues Examination of the adverse effects of poor power quality on equipment performance and 

industrial processes. Analysis of the impact on operational efficiency, reliability and longevity of electrical 

infrastructure.. 

 

 

https://pspac.info/index.php/dlbh/article/view/88
mailto:chetanghatage@rnsit.ac.in
mailto:sumathisrinivasan1@gmail.com


 

年 2025 體積 53 問題 3  
20 DOI: 10.46121/pspc.53.3.2  

 

LITERATURE SURVEY 

Power quality is crucial in sensitive industries, particularly where performance and standardization matter. 

Connecting a wind turbine to the grid can disrupt power quality, causing voltage fluctuations, dips, reactive power 

issues, and harmonic distortion. To address this, the paper suggests a control scheme for a voltage source inverter 

(VSI) in current control mode to inject compensating currents at the grid connection point. A hysteresis current 

controller uses source voltage as a reference to ensure the wind turbine system maintains unity power factor and 

provides necessary power support. The system's effectiveness is demonstrated through Matlab/Simulink 

simulations under various conditions.[1] 

 

Energy conversion is essential in fields like renewable energy, electric vehicles, and industrial power systems. 

Choosing the right method is key to improving system performance, efficiency, and reliability. This review 

provides an overview of energy conversion methods used in wind energy and other areas, emphasizing the 

importance of Maximum Power Point Tracking for efficient energy capture. It analyzes various methods, 

discussing their pros, cons, and typical applications, and highlights recent advancements like multi-level, matrix, 

and resonant converters. The paper also explores current challenges and future directions in developing more 

efficient MPPT techniques.[2] 

 

The main challenges in wind energy conversion systems (WECS) are maximizing energy capture from wind and 

injecting reactive power during faults. This paper proposes a current-controlled matrix converter to connect 

Permanent Magnet Synchronous Generators (PMSG) based WECS to the grid. To ensure a fast dynamic response 

with minimal current ripples, hysteresis current control is used. The control system separates the active and 

reactive components of the PMSG current to optimize power extraction at a given wind speed and inject reactive 

power into the grid, meeting grid-code requirements during faults. The WECS is modeled and simulated using 

the PSCAD/EMTDC software.[3] 

 

Wind energy is one of the most cost-effective renewable energy sources. This paper explores the use of a matrix 

converter for grid-connected wind turbine systems based on a permanent magnet synchronous generator (PMSG). 

A simulation model is developed in the MATLAB/Simulink environment, consisting of a wind turbine, a PMSG, 

and a 3-phase matrix converter that interfaces the wind turbine with the power grid. The proposed system is also 

suitable for small-scale wind turbines in eco-friendly homes. Simulation results are provided to validate the 

system's operation and performance.[4] 

 

Renewable energy sources like solar, wave, and wind have grown in use for electricity generation, with wind 

being a key player. The energy output of a Wind Energy Conversion System (WECS) depends on both wind 

conditions and the control strategy. To maximize energy capture, wind turbines operate in variable speed mode, 

enabled by advanced power electronic converters. Fixed-speed turbines with induction generators are common 

but have drawbacks like low efficiency and poor power quality. Variable-speed generators like Doubly Fed 

Induction Generators (DFIG) and Permanent Magnet Synchronous Generators (PMSG) offer better performance, 

especially when combined with an AC-DC-AC converter for variable speed operation.[5] 

 

This paper introduces a simplified control strategy for a DFIG-based wind energy system using a matrix converter 

under unbalanced and harmonic grid conditions. The approach avoids complex sequence decomposition and 

reference calculations. Band Pass-finite impulse response (BP-FIR) filters are used to achieve sinusoidal stator 

and rotor currents, stable stator power, and constant electromagnetic torque. These filters, combined with MPPT 

and reactive power references, generate space vectors for the matrix converter. The method is tested across various 

wind speeds.[6] 

 

This work proposes matrix converter-based wind energy systems using Permanent Magnet Synchronous 

Generators (PMSG). The Matrix Converter is controlled with Space Vector representation and Sliding Mode 

control to ensure the generator receives the necessary currents to track reference variables. Maximum Power Point 

Tracking (MPPT) is implemented using two methods: speed control and torque control, both evaluated in 

MATLAB/SIMULINK. Simulation results confirm that the Matrix Converter, with appropriate input filters, can 

effectively extract maximum wind power while maintaining nearly unity power factor in the grid connection.[7] 

The power capacity of Wind Energy Converter Systems (WECS) is approaching 10 MW, with medium-voltage 

power converters replacing traditional low-voltage systems. Matrix Converters are becoming a preferred choice 

for Multi-MW WECS due to their modularity, reliability, and high-voltage handling. This paper develops a fuzzy-
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logic control strategy to maximize wind energy capture and reduce harmonics, and implements fuzzy control for 

an indirect matrix converter under various conditions. The proposed system is validated through simulations and 

experimental tests with a wind emulator, demonstrating its effectiveness under balanced and unbalanced 

conditions.[8] 

 

High-power Wind Energy Conversion Systems (WECS) impact grid stability, power quality, and reliability, 

necessitating strict grid codes, including Low Voltage Ride Through (LVRT) requirements. This paper presents 

a Matrix Converter-based Voltage Sag Generator (VSG) prototype to test WECS under voltage sag conditions. 

The VSG can generate voltage sags and swells with varying characteristics without complex modulation, aiding 

in the assessment of LVRT compliance.[9] 

 

Wind energy is growing rapidly, but its intermittent nature causes fluctuations in turbine power output, 

complicating direct grid connection. This paper presents a control scheme for a three-phase grid-connected wind 

energy conversion system (WECS) to improve power quality. The system includes a permanent magnet generator, 

a full bridge rectifier, a boost converter, and a three-phase inverter. The inverter injects power into the grid and 

compensates for current imbalances, harmonics, and reactive power. The system's effectiveness is validated 

through MATLAB/Simulink simulations.[10] 

 

Controlling wind energy conversion systems (WECS) under fluctuating wind speeds and improving grid power 

quality has become a significant challenge. This paper reviews synchronous generator-based WECSs, exploring 

the growth of wind energy in Egypt and globally, along with its technological and financial impact. It discusses a 

typical grid-connected WECS, power control techniques, and maximum power point tracking (MPPT) methods 

based on characteristic power curves. Additionally, the paper compares various power converter topologies for 

grid-connected and standalone WECSs using permanent magnet synchronous generators (PMSG).[11] 

 

This paper introduces a hybrid control strategy for a matrix converter-fed wind energy system to regulate power, 

frequency, and voltage despite varying wind speeds. The matrix converter, used as the main power conditioner, 

is more efficient than traditional converters. A vector modulation-based control ensures stable output, while a 

power tracker maximizes turbine efficiency. Overcurrent and clamp circuit protections prevent output spikes. 

Simulations show that vector modulation outperforms other methods, with results validated through MATLAB 

Simulink and FPGA-based hardware, matching experimental outcomes.[12] 

 

To maximize wind power capture, controlling the shaft speed is essential. This paper compares wind energy 

conversion systems using back-to-back dual converters and matrix converters. The matrix converter allows for 

control of the induction generator’s terminal voltage and frequency, enabling the wind turbine to operate at its 

maximum power point across all wind speeds. It also manages the power factor at the grid interface to ensure 

optimal active power injection. Simulation results confirm the advantages of the matrix converter over the dual 

converter topology.[13] 

 

Wind power, as a green and abundant energy source, is increasingly important. This paper reviews power 

converter topologies used in wind farms, focusing on generators like Squirrel Cage Induction Generators (SCIG), 

Doubly Fed Induction Generators (DFIG), Wound Field Synchronous Generators (WFSG), and Permanent 

Magnet Synchronous Generators (PMSG). PMSGs, which are directly coupled to wind turbines, are known as 

Direct Driven Generators. The paper specifically discusses power converter topologies used with PMSGs.[14] 

This paper reviews wind energy conversion systems (WECS) and their grid interfaces, focusing on soft computing 

methods. It examines configurations, electrical generators, and power converter topologies, as well as 

international grid codes for frequency, power factor, and low voltage ride-through (LVRT). Key control 

approaches, converter topologies, and modern strategies for maximum power point tracking and frequency control 

are discussed, summarizing recent advancements in WECS technology.[15] 

 

This paper reviews power quality issues in renewable-based distributed generation systems and the role of custom 

power devices (CPDs) like STATCOM, DVR, and UPQC in addressing these problems. It highlights IEEE and 

IEC standards for grid-connected renewable systems and discusses integration issues and power quality problems 

associated with PV and wind energy systems. The paper also describes how CPDs enhance renewable integration 

and improve power quality through custom power parks.[16] 

 

https://pspac.info/index.php/dlbh/article/view/88


 

年 2025 體積 53 問題 3  
22 DOI: 10.46121/pspc.53.3.2  

 

In the past decade, wind energy capacity has surged, making it a leading renewable technology. With turbines 

above 1 MW, variable speed concepts like doubly fed induction machines or converter-driven synchronous 

machines are used. Synchronous generators, though common in standalone systems, need additional control and 

converters to meet requirements. This paper introduces matrix converters for wind power applications, detailing 

their technical features and benefits.[17] 

 

This paper introduces a novel bidirectional Z-source matrix converter for a wind energy system with a variable 

speed permanent magnet synchronous generator (PMSG). It uses the Tip Speed Ratio MPPT algorithm to 

maximize power and employs space vector modulation (SVM) to address issues like poor voltage gain and 

complex modulation design. The paper details the Z-source matrix converter’s operation and modulation strategy, 

with simulation and experimental results demonstrating its feasibility. MATLAB/Simulink simulations, first with 

an RL load and then connected to the grid, verify the converter's effectiveness.[18] 

 

TAKEAWAYS FROM SURVEY 

The Table 1 provides a concise summary of the key findings from a review of 18 research papers focused on wind 

energy conversion systems (WECS). The table categorizes each paper by its technology, the methods used, and 

any observed limitations or general observations. These studies encompass a wide range of topics, including 

various power converter topologies, control strategies, and grid integration challenges related to WECS. While 

many papers offer promising theoretical advancements, such as the use of matrix converters, space vector 

modulation, and hybrid control schemes, a common limitation across several studies is the lack of real-world 

validation and practical implementation. This table serves as a quick reference to understand the technologies 

explored, the methodologies applied, and the potential gaps or limitations identified in the research. 

 
Table 1: Takeaways from survey 

Paper 

ID 
Technology Method Used Limitations/Observations 

1 
Voltage Source 

Inverter (VSI) 
Hysteresis current control 

Focused on dynamic response; 

simulation-based validation 

2 
Matrix Converter 

with PMSG 

Space Vector Modulation, Sliding 

Mode Control 

No practical implementation 

discussed; simulation results 

validated 

3 

Back-to-Back Dual 

Converter vs. Matrix 

Converter 

Comparison of power conversion 

topologies 

Matrix converter favored; no 

extensive real-world application tests 

4 

Power Converter 

Topologies for 

PMSG 

Review of converter topologies 
Theoretical analysis; lacks empirical 

performance comparison 

5 
Hybrid Control for 

Matrix Converter 

Vector modulation, Power tracker, 

Overcurrent protection 

Primarily simulation results; real-

world validation needed 

6 
Soft Computing 

Methods for WECS 

Review of control methods and grid 

integration 

Broad review; limited focus on 

practical challenges in 

implementation 

7 
Custom Power 

Devices (CPD) 

STATCOM, DVR, UPQC for power 

quality improvement 

Application-focused; real-world 

deployment challenges not addressed 

8 

Matrix Converter 

with Variable Speed 

PMSG 

Bidirectional Z-source matrix 

converter, Tip Speed Ratio MPPT 

Complex design addressed; practical 

implementation needs exploration 

9 
Wind Energy 

Conversion System 

Control schemes comparison, grid 

integration issues 

General observations; specific 

deployment issues not discussed 

10 
WECS with PMSG 

and Converter 

Maximum Power Point Tracking 

(MPPT) methods, control 

techniques 

Theoretical focus; effectiveness 

verified through simulations 

11 
Variable Speed Wind 

Turbines 

Doubly Fed Induction Generator 

(DFIG), Permanent Magnet 

Synchronous Generator (PMSG) 

Control complexity; practical 

performance under different 

conditions needs further study 
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12 
Matrix Converter for 

Wind Power 

Space Vector Modulation, 

efficiency improvements 

Simulation-based; lacks real-world 

performance data 

13 
Power Quality in 

Renewable Systems 

CPDs like STATCOM, DVR, 

UPQC 

Theoretical overview; practical 

deployment issues not detailed 

14 
High Power Wind 

Systems 

Transition from low-voltage to 

medium-voltage converters 

Focus on technology trends; practical 

challenges not fully explored 

15 
Control Strategy for 

DFIG-Based WECS 

Hysteresis current control, matrix 

converter 

Primarily control strategy focused; 

lacks real-world validation 

16 

Grid-Connected 

Wind Energy 

Systems 

Review of synchronous generators, 

grid codes 

Theoretical review; implementation 

challenges not addressed 

17 

Bidirectional Z-

source Matrix 

Converter 

Tip Speed Ratio MPPT, Space 

Vector Modulation 

Complex design; implementation in 

practical settings needs further study 

18 
Power Converter 

Topologies 

Various topologies reviewed for 

wind farms 

General review; practical 

performance comparison lacking 

 

OBJECTIVES 

The primary objective of this paper is to explore the integration of a wind energy conversion system (WECS) with 

a matrix converter to address the challenges posed by variable wind speeds and their subsequent impact on load 

performance. Wind speed fluctuations can destabilize the voltage and frequency output of WECS, thereby 

affecting load performance. To counter this, the study aims to employ a matrix converter to effectively regulate 

the voltage and frequency, ultimately enhancing the stability and reliability of wind energy systems. 

    

Additionally, the research seeks to tackle the broader power quality issues associated with integrating wind energy 

into power grids. The paper investigates the use of matrix converters within WECS to mitigate these power quality 

problems, ensuring seamless grid compatibility and improved overall power quality. 

 

METHODS 

Wind energy can be efficiently harnessed through a Wind Energy Conversion System (WECS), typically 

comprising a wind turbine, an electric generator, a power electronic converter, and a control system.Figure.1 

shows the block diagram of basic components of WECS.In this setup, the mechanical power from the turbine 

blades is transmitted to the rotor of the turbine, either directly or via gearboxes. The generated energy is then often 

fed into the power distribution network. Given the critical importance of power quality in this context, maintaining 

stable generator voltage is paramount. 

 
Figure.1. Basic block diagram of wind energy flow 

 

To regulate turbine shaft speed for optimal power output, various control methods such as field-oriented control 

and constant Voltage/frequency (V/f) control have been employed. Overall, these methods and control strategies 

play a crucial role in enhancing the efficiency and reliability of wind energy conversion systems while ensuring 

the stability and quality of the produced power.The mathematical relationship between the wind fluctuations and 

the developed mechanical power is given as  

ut =    u0 + u1 sin (2ʌ 
𝑡

24
) + u2 cos(2ʌ  

𝑡

24
) + u3 sin(4ʌ 

𝑡

24
)+u4 cos(4ʌ 

𝑡

24
)                    ------ (1)                                           

The mechanical power generated by a wind turbine is given as 

Pwt=0.5 Cp(λ,β) ρ A v3                         ---- (2) 

In the context of wind energy conversion, the power captured by a wind turbine is significantly influenced by the 

tip speed ratio (TSR), denoted by λ, along with other parameters such as wind speed (v), air density (ρ), and the 

swept area of the blades (A). The wind power coefficient (Cp) represents the efficiency of power extraction and 
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is dependent on both the pitch angle (β) and the TSR. TSR itself is calculated as the ratio of turbine radius (R) 

multiplied by the rotational speed (Ω) of the turbine shaft to the wind speed (v).The Cp reaches its maximum 

value, Cp,max, at a specific tip speed ratio λ, indicating the peak efficiency of power conversion for a given wind 

velocity. Therefore, optimal control of the active power output in a variable-speed fixed-pitch Wind Energy 

Conversion System (WECS) can be achieved by controlling the TSR to attain Cp,max corresponding to the 

prevailing wind conditions. 

 

In the described system, matrix-type converters are utilized to address the issues of power distortion. These 

converters are specially designed to mitigate distortion problems arising from various factors, ensuring that the 

electricity generated by the wind turbines is of high quality and compliant with grid standards. By employing 

matrix-type converters, the system can efficiently manage and control the flow of wind energy while maintaining 

grid stability and reliability. 

 

MATRIX CONVERTER 

The matrix converter is a direct AC-AC converter using an array of m×nm \times nm×n bidirectional switches 

to connect mmm-phase inputs to nnn-phase outputs. These switches allow current to flow in both directions and 

block voltage in both polarities, enabling variable nnn-phase output with unrestricted frequency from mmm-

phase AC inputs. As single-stage converters, matrix converters require minimal energy storage, typically just 

small AC filters to eliminate switching ripples.[21] 

 

A conventional matrix converter, shown in Figure 2, consists of 3 x 3 bidirectional switches and offers advantages 

over traditional AC-DC-AC converters, including adjustable input displacement, regeneration capability, high-

quality waveforms, and the absence of bulky energy storage components. The converter’s input is usually 

connected to a three-phase voltage-fed system, while the output connects to a three-phase current-fed system, 

with capacitive and inductive filters on the respective sides. 

 

Though the matrix converter theoretically supports 512 switching combinations, only 27 are practically useful. 

Two key rules guide these combinations: input phases must not be short-circuited, and output currents should 

not be interrupted.[22] 

                              
Figure 2: Circuit scheme of a three phase to three phase matrix converter. a, b, c are at the input terminals. A, B, 

C are at the output terminals. 

 

Power quality parameters 
Ideal power quality refers to a scenario where the voltage is consistent and predominantly sinusoidal, exhibiting a 

steady amplitude and frequency. The integration of wind energy into the grid can have a significant effect on the 

power quality. Due to the nature of wind resources, the wind farms generate fluctuating electric power. Typically, 

it is expressed through voltage stability, frequency stability, and phase balance. Voltage stability can be further 

categorized into slow voltage fluctuations, voltage dips, flicker, transients, and harmonic voltage distortion[23].  

 

Voltage sag, commonly referred to as a voltage dip, describes a transient reduction in the voltage level within an 

electrical power distribution system. This phenomenon is characterized by its magnitude, duration, and the root 

mean square (rms) value of the line voltage, typically lasting from 10 milliseconds to 500 milliseconds. Voltage 
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sags pose significant risks, potentially leading to production process failures, quality issues, and computer system 

crashes. These voltage fluctuations occur due to various factors, including motor starting, short circuits, and rapid 

re-closing of circuit breakers. They manifest as a reduction in the supply voltage lasting from one cycle to several 

seconds, impacting the stability and reliability of the electrical system[19] 

 

A voltage swell refers to a brief rise in voltage levels, typically exceeding 10% above the normal or recommended 

voltage. These increases can persist from half a cycle to several seconds. If the duration of the swell extends beyond 

two minutes, it is categorized as an overvoltage condition. When integrating wind energy into the grid, it faces 

challenges due to the variable nature of wind speed and environmental conditions. Fluctuations in wind turbine 

power output can lead to dynamic changes in grid voltage and frequency. 

 

Linear loads, which draw current proportional to voltage, generally pose fewer issues when integrating wind 

energy as they help maintain a stable power factor. Conversely, non-linear loads introduce harmonics and power 

quality issues, necessitating mitigation measures such as harmonic filters or active power factor correction 

systems. 

 

RESULTS AND DISCUSSION 

Simulink Model of Wind Turbine and Generator: 

The simulation model for voltage sag in a Wind Energy Conversion System (WECS) as depicated in Fig.3 typically 

involves modelling the behaviour of the wind generator, matrix converter, and the grid to study the system's 

response to voltage disturbances. The induction generator has inherent advantages of cost effectiveness and 

robustness. However induction generator requires reactive power for magnetization. When the generated reactive 

power of an induction generator is varied due to wind, absorbed reactive power and terminal voltage of an induction 

generator can be significantly affected.   

 

In this model, the wind generator converts wind energy into electrical power, which is then processed by the matrix 

converter to match the grid requirements before being injected into the grid. To simulate voltage sag events, 

introduce disturbances in the grid voltage, representing sudden drops in voltage magnitude. These disturbances 

propagate through the matrix converter and affect the voltage at the output of the wind generator. By analysing the 

responses of the wind generator and matrix converter to these voltage sag events, assess the system's performance 

and evaluate the effectiveness of control strategies in mitigating the impact of voltage disturbances on WECS 

operation. This simulation model helps in understanding the behaviour of WECS under different grid conditions 

and aids in the development of strategies to enhance grid integration and power quality.[26] 

 

 
Fig.3: Simulink model of Grid Integrated Wind Energy System 

 

Wind Generator Simulink model as shown in Figure.4 involves multiple components such as modelling the wind 

speed, the mechanical and electrical dynamics of the turbine, and the control system. In this model, the mechanical 

model of the wind turbine converts wind energy into mechanical torque, which is then converted into electrical 
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power by the generator. The converter converts the electrical power to the desired voltage and frequency, and the 

grid connection ensures proper integration with the electrical grid. The control system regulates the generator's 

output to maintain stable operation and maximize power output.[25]. The key parameters of a three-phase 

asynchronous (induction) machine as in table 1 include the stator resistance (Rs) and rotor resistance (Rr), 

which account for copper losses in the stator and rotor windings, respectively. The stator leakage reactance (Xs) 

and rotor leakage reactance (Xr) represent the leakage fluxes in both stator and rotor that do not contribute to 

torque production. Additionally, the magnetizing reactance (Xm) represents the inductance responsible for 

creating the magnetic field needed for energy conversion. Lastly, the core losses and slip (s) are important factors 

influencing machine efficiency, where slip measures the difference between synchronous and rotor speeds during 

operation. 

 
Figure.4 Simulink Model of Wind Turbine and Generator 

 
Table1: Three-phase asynchronous machine parameters 

Rated power, voltage (line-line), and frequency[Pn(VA),Vn(Vrms),fn(Hz) ] [100e6 450 60] 

inherent resistance of the stator winding and inductance [Rs,Lls ] (pu) [0.0241 0.05518] 

Machine Rotor internal resistance and inductance [ Rr',Llr' ] (pu) [0.0159 0.05518] 

coupling coefficient. Lm (pu) 1.975 

Inertia coefficient , Friction coefficient, pole count [ H(s) F(pu) p() ] [0.1191 0.03877 2] 

Initial conditions [ -0.01,0   0,0,0   0,0,0 ] 

Rotor type Squirrel cage 

 

Figure.5 illustrates various parameters, such as voltage, current, real power, reactive power, torque, and speed, 

associated with an asynchronous motor. These parameters provide crucial insights into the motor's performance 

and operation. Voltage represents the electrical potential difference across the motor terminals, driving current flow. 

Current, measured in amperes, signifies the flow of electric charge through the motor windings. Real power, in 

watts, denotes the actual usable power transferred to mechanical work, while reactive power, in volt-amperes 

reactive, accounts for energy stored and released by the motor's reactive components. Torque, measured in newton-

meters or pound-feet, reflects the rotational force generated by the motor, while speed indicates the rotational speed 

of the motor shaft, typically measured in revolutions per minute or radians per second. Together, these parameters 

characterize the dynamic behaviour and performance of the asynchronous motor. 
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Figure.5 Output of Simulink Model of Wind Turbine and Generator 

 

In the context of a matrix converter, employing state-space control as shown in Figure.6 involves representing the 

converter's dynamics using a set of state equations and designing a controller to manipulate these states directly. 

The state variables typically include capacitor voltages, inductor currents, and switch states. The state space 

technique design state feedback or output feedback controllers to regulate the converter's output voltage and current. 

Matrix converters utilize modulation technique space vector modulation to regulate the output voltage. Through 

the adjustment of semiconductor device switching patterns, these converters can stabilize the output voltage even 

when encountering input voltage fluctuations. 

           

 
Figure.6  matrix converter a) switching arrangements b) state space control strategy 
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The model is evaluated for voltage sag within a specific time interval. The provided waveforms illustrate the 

impact of power quality issues on wind energy output. The figure.7 and 8 waveform represents the grid voltage 

before injection, and  load voltage after injection respectively. A noticeable sag is observed in the Figure.7 

waveform, indicating a voltage dip or transient event. This sag can significantly affect the performance of wind 

turbines, leading to reduced power output or even temporary shutdowns. The Figure.8 waveform, however, shows 

a more stable voltage profile with the sag removed, suggesting that power quality measures have been 

implemented to mitigate the issue. These measures could include voltage regulators, dynamic reactive power 

compensation, or grid-side converters, which help to maintain a consistent voltage level at the load. By addressing 

power quality issues, wind energy systems can operate more efficiently and reliably, contributing to a cleaner and 

more sustainable energy supply. In the waveform analysis, it is evident that the voltage sag is injected for a 

particular duration of 2 to 3ms. It is noteworthy that there is no disruption observed in the load voltage waveform, 

as depicted in Fig.7 and 8 respectively.[24]  

Figure.7 Grid voltage before injection     Figure.8 Load voltage after injection 

 

The Figure 9 and 10  illustrate the relationship between active power and reactive power generated by a wind 

turbine. The Figure 9 graph shows the increase in active power output as wind speed increases. As the wind speed 

rises, the turbine's blades rotate faster, generating more mechanical energy that is converted into electrical power. 

The Figure 10 graph depicts the reactive power output, which can vary depending on the operating conditions of 

the turbine and the grid. In general, wind turbines tend to generate reactive power at low wind speeds. This reactive 

power can help to improve voltage stability and reduce losses in the power grid. By understanding the relationship 

between active and reactive power generation in wind turbines, grid operators can optimize their system operations 

and ensure a reliable and efficient power supply. Active Power: The x-axis of the first graph represents wind speed 

(m/s), and the y-axis represents active power (kW). The graph shows a general increase in active power as wind 

speed increases, with a plateau reached at higher wind speeds.Reactive Power: The x-axis of the second graph 

likely represents time (s), and the y-axis represents reactive power (kVAR). The graph shows fluctuations in 

reactive power over time, indicating the dynamic nature of reactive power generation in wind turbines. 

                  
Figure 9  Real power                        Figure 10 Reactive power 
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Table 2: Three phase voltage source parameters 

Positive-sequence: [ Amplitude(Vrms Ph-Ph) Phase(deg.) Freq. (Hz) [400 0 60] 

Amplitude values (pu) [1 0.75 0.75 1.2 

Time values: [0 0.05 0.1 0.15 ] 

 

Response of Swell condition : Swell refers to a temporary increase in voltage above the nominal voltage level, 

typically lasting for several cycles or longer. The provided waveforms in Figure 10 and 11 illustrate the impact of 

a swell event on a wind energy system with respect to Grid voltage before injection and Load voltage after 

injection. The Figure 10 waveform represents the grid voltage or current, showing a sudden increase in amplitude. 

This swell can cause various power quality issues, such as equipment damage, malfunctions, and increased energy 

consumption. The Figure 11 waveform, representing the load voltage or current, may mitigate the swell condition. 

To mitigate the effects of swells and improve power quality, wind energy systems may require power quality filters 

or other mitigation measures. By analyzing these waveforms and understanding the underlying causes of swells, 

grid operators can take proactive steps to ensure the reliable and efficient operation of wind energy systems. Figure 

13 and 14  waveforms illustrate the impact of a swell condition on the active and reactive power generated by a 

wind energy system. During a swell event, the grid voltage experience a sudden increase, leading to potential 

fluctuations in active power output from the wind turbine. Additionally, the reactive power demand may change, 

requiring the turbine to adjust its operation to maintain grid stability. To mitigate these challenges, wind energy 

systems can employ strategies such as reactive power control, voltage ride-through capability, and power quality 

filters, ensuring their reliable and efficient operation even under adverse conditions. 

 

                 Fig. 11 Grid voltage before injection                                Fig.12 Load voltage after injection 

 
Figure 13  Reactive power                   Figure 14 Real power 

 

Linear load: linear loads themselves may not pose significant power quality issues in wind energy systems, 

their interaction with other loads and components within the system can influence overall power quality 

performance. Proper design, monitoring, and mitigation strategies are essential to ensure optimal power quality 

in wind energy systems. Response under linear  load conditions is as shown in figure. 15 and 16. 
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Fig.15 load voltage (after injection)              Fig.16 grid voltage (before injection) 

 

CONCLUSION  

In conclusion, the utilization of a wind energy conversion system (WECS) with a matrix converter for grid 

connection presents a promising solution for addressing power quality issues. By employing a matrix converter, 

which is a direct AC-AC converter with bidirectional switches, the WECS can efficiently interface with the grid 

while mitigating various power quality concerns. 

 

One of the significant advantages of using a matrix converter is its ability to directly connect multiple input phases 

to multiple output phases, allowing for flexible and efficient power conversion. This versatility enables the WECS 

to adapt to varying wind conditions and grid requirements, thereby enhancing overall system performance. 

 

Power quality issues commonly encountered in grid-connected wind energy systems, such as voltage fluctuations, 

harmonics, and flicker, can be effectively managed with the use of a matrix converter. The converter's control 

algorithms can be optimized to regulate voltage levels, mitigate harmonics, and minimize flicker emissions, 

ensuring stable and reliable operation of the grid. Furthermore, the matrix converter eliminates the need for bulky 

energy storage components, simplifying system design and reducing maintenance requirements. This enhances the 

economic viability of wind energy systems while promoting sustainable energy generation. 

        

FUTURE SCOPE 

Wind turbines, whether fixed- or variable-speed, exhibit uneven power production due to natural wind variations, 

which in turn induces voltage variations. For fixed-speed turbines, fluctuations occur when turbine blades pass the 

tower's shadow. These variations cause both power fluctuations and voltage variations. Load flow calculations can 

effectively predict slow voltage variations caused by wind turbine power fluctuations. Additionally, tower shadow-

induced power fluctuations can lead to flicker disturbances, for which the impact can be determined by assessing 

the magnitude of power dips or flicker emissions. However, existing standards and regulations are inadequate, as 

they do not fully address all power quality phenomena. Current calculation methods and models are overly 

simplified. To accurately predict wind turbine-grid interactions, new comprehensive models are necessary. These 

models could aid in predicting wind turbine power quality, facilitating early rejection of problematic turbine-grid 

combinations in favor of more suitable alternatives during the planning stages 
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