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ABSTRACT 

Due to its clean and renewable nature, wind energy is becoming one of the important renewable sources of 

energy in the world. Through its collaboration with other renewable sources of energy, such as solar energy, 

the world energy crises can be solved in the future. Comparatively with the past and due to the progressive 

integration of the nonlinear loads in the grid, the principal role of a Wind Energy Conversion System (WECS) is 

not only to capture the maximum power from the wind, but also to improve the quality of power. Consequently, 

with the development of the wind farms which are integrated into the grid, power quality could be better 

improved in the future. In this work Variable speed wind generator are used which is more attractive than fixed 

speed systems because of their efficient energy production, improved power quality and dynamic performance 

during grid faults. Here we design simulation model of wind power plant using doubly fed induction generator 

with PI controller and pitch control system for mitigation of power quality issue. Results obtained by both 

system shows the output power (active and reactive) are free from harmonics and it is stable. The global 

transition towards sustainable energy sources has led to a significant increase in the integration of wind power 

into the electricity grid. While wind energy offers numerous environmental benefits, its intermittent nature and 

variability pose challenges to power quality within the grid. This abstract outline a comprehensive study aimed 

at enhancing the performance of wind power systems with a specific emphasis on addressing power quality 

issues. The research investigates the impact of wind power integration on the grid's power quality parameters, 

including voltage stability, frequency regulation, and harmonics. A detailed analysis of the existing power 

quality standards and regulations is conducted to identify gaps and potential areas for improvement. The study 

explores advanced control strategies, grid integration techniques, and energy storage solutions to mitigate 

power quality concerns associated with wind power fluctuations. Furthermore, the research delves into the 

development and implementation of intelligent monitoring and control systems to enhance the predictability 

and reliability of wind power generation. Advanced sensor technologies and machine learning algorithms are 

employed to predict wind power variations and optimize the performance of grid-connected wind farms. The 

integration of energy storage systems and smart grid technologies is explored to buffer the effects of 

intermittent wind power generation and enhance overall grid stability. The findings of this study contribute 

valuable insights into the effective integration of wind power systems while maintaining high power quality 

standards. The proposed enhancements not only address the challenges posed by the variable nature of wind 

energy but also pave the way for a more resilient and sustainable energy infrastructure. The research outcomes 

are expected to guide future developments in wind power technology, facilitating a seamless transition towards 

a cleaner and more reliable energy landscape 

Keywords: Wind Power, Power Systems, Environment, Renewable, Power Factor. 

I. INTRODUCTION 

An excellent clean, renewable, and cost-free energy source for generating electricity is wind power. Because of 

variations in air pressure, the earth's atmospheric air mass creates air flow. The variations in solar heating 

across the surface of the earth cause this variation in air pressure 

The primary drivers of the ongoing increase in energy demand are the planet's population growth and rising 

living standards. The majority of countries are seeing a decline in the amount of energy used per GDP, but 

because GDP is growing faster than efficiency, more resources are being used to produce energy. It is predicted 

that in the next decades, this trend will continue. Due to the scarcity of fossil fuels like coal, natural gas, oil, and 

nuclear power, it is imperative to employ renewable energy sources to generate electricity. Additionally, using 
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fossil fuels increases greenhouse gas emissions, and using nuclear energy increases the risk of radiation 

product leakage. It is widely acknowledged that the world's fossil fuel supplies are finite and that the cost of 

producing gas, coal, and oil has risen steadily since its peak. Since fossil fuels are limited resources, they will 

eventually run out entirely. In contrast to the aforementioned example, the lack of emissions of harmful gases 

like carbon dioxide and sulphur dioxide has led to a significant demand for renewable energies.  

Water, wind, solar, and biomass energy are among the different forms of renewable energy sources that are 

contributing to the current energy demand. However, the main disadvantage of hydroelectric power plants is 

that they are expensive to construct and require a long operating period before they start to turn a profit. 

Building dams may even cause land to flood, wreaking havoc on the environment. Similarly, solar thermal 

collectors can only be used to extract solar energy when there is sunlight present. Because of this, installing 

solar energy equipment becomes unfeasible in regions with low sunlight or significant rainfall. The main factors 

contributing to wind energy's popularity are its low operating costs, increased efficiency, and non-polluting 

nature. As wind energy continues to grow, numerous new modelling and enhanced simulation techniques have 

been developed. The process of harnessing wind power has long been a challenge. Grain grinding and water 

pumping have long been done with wind mills. Since then, numerous new technologies have been tested and 

proposed, including pitch control and variable speed control techniques. There is no grid because wind 

turbines can operate in an isolating mode at times. A wind turbine typically has two, three, or even more than 

three blades. Nonetheless, a wind turbine should have no more than three blades, according to the principle of 

aerodynamics. The primary generators used in wind turbines are synchronous and asynchronous ac machines. 

The problem has led to a great deal of research and development into renewable energy, which includes solar 

energy, wind energy, geothermal energy, and other forms of energy. The benefits of renewable energy include 

its abundance, cleanliness, and growing affordability. Actually, compared to the annual production of 70 million 

metric tonnes of carbon emissions from fossil fuels, renewable energy sources contribute to this reduction. 

Electricity, as we all know, has made human life simpler and easier. Since we couldn't imagine living without it, 

electricity is one of the most fundamental aspects of our existence. We utilise electricity for a variety of 

purposes, including residential, commercial, and agricultural ones. We also know that there is a serious threat 

to the world.Wind energy is the kinetic energy which is related to the movement of atmospheric air. Wind 

energy is used from thousands of years for sailing, grinding grains and for irrigation purposes. In this energy 

conversion system wind turbine is used for the conversion of wind power into electrical power. Electrical 

generator which is placed inside the turbine converts the mechanical power into electric power. The 

production of energy from wind turbine depends on the velocity of wind acting on wind turbine. 

1.1 RENEWABLE ENERGY SOURCES 

Renewable energy sources (RES) are currently producing a rapidly increasing percentage of the world's 

electricity, which is not surprising given that electricity is one of the most sought-after commodities for human 

use. When the fuels in these conventional energy sources are burned, greenhouse gases are released. 

Renewable energy has gained popularity as a popular substitute for traditional methods of producing 

electricity to meet needs and requirements since the current oil crisis. The trend in the production of electrical 

power today indicates a move away from the majority of traditional sources, like fossil fuel-based energy, and 

towards renewable energy sources, like solar, wind, and water energy. Renewable energy sources come in a 

variety of forms, including solar energy, wood and wood waste, wind energy, hydro 

1.2 WIND ENERGY 

We needed another renewable energy source to generate the most power possible because, as we all know, 

solar energy is insufficient during overcast days, the rainy season, and most nights. Among these is wind 

energy, which is particularly well-liked during the wet or cloudy season and primarily at night when the solar 

system is not operating at its best. When it comes to wind energy, we use turbines to convert mechanical power 

into electric power. This method has several benefits, including no water consumption, no pollution, and no 

other negative effects. Here, the only difficulties are that the wind doesn't always blow at a steady speed. 
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1.3 WIND ENERGY CONVERSION SYSTEM STRUCTURE 

It is commonly known that the production of electricity from wind energy is socially, environmentally, and 

economically competitive in all of its applications. One of the renewable energy sources that is expanding the 

fastest in the world for power supply is wind power. One significant step forward is the development of the 

mechatronics system. Developing at stable for the wind turbine system is essential because the power 

converter's design is heavily reliant on the turbine's characteristics. The generator, gearbox, and wind turbine 

make up the dynamic portion of the wind turbine system. Refinement of the electrical part design is not 

practical because the wind turbine's dynamic characteristic depends on the operating environment, which is 

typically tested in a wind tunnel. 

1.4 FIXED SPEED WECS WITHOUT POWER CONVERTERS 

In Figure 1, the structure of a fixed speed WECS without power electronic interface converter is shown in which 

the gear box is used to match the speed of wind turbine and generator for delivering the rated power at rated 

speed. During the system start-up, heavy in-rush current is limited using a soft starter and later it is bypassed 

by a switch. For compensating the reactive power drawn by the induction generator, a three phase capacitor 

bank is installed. 

 

Figure 1: Fixed speed WECS without power converters interface 

1.5 VARIABLE SPEED WECS 

Variable speed WECS systems are classified into two types based on the power rating of thepower electronics 

converter, such as reduced capacity converters and full capacity converters.Due to the use of these power 

converters, decoupling between the generator and grid can bemade automatically. 

Fig. 2 and Fig. 3 shows the reduced capacity converters of WECS where as Fig. 1.4 depicts the structure of the 

full capacity converter WECS. Variable speed reduced capacityconverters are designed only with wound rotor 

induction generators, since rotor currents canbe controlled on rotor side for variable speed operation without 

the need for total powerin power system. 

 

Figure 2: Variable speed WECS with variable rotor resistance 
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Reduced capacity converters are again classified into two types such as wound rotor induction generator with 

variable rotor resistance shown in Fig.1.2 and doubly fed induction generator (DFIG) with rotor converter 

shown in Fig. 1.3. Wound rotor induction generators is shown in Fig. 1.2, with a variable resistance in the 

rotorcircuit. Variable speed operation of the turbine is achieved by varying the rotor resistancewhich affects 

the torque/speed characteristics of generator. The rotor resistance is varied with the help of power converter.  

 

Figure 3: Variable speed WECS with reduced power capacity converters 

 

Figure 4: Variable speed WECS with full capacity converters 

1.6 REVIEW OF CONTROL TECHNIQUES FOR WECS 

A number of controllers are proposed in the literature for DFIG WECS to extract maximum power from WECS. 

 MPPT ALGORITHMS 

Conventional hill climb searching (HCS) has been proposed in [3] for maximum power point tracking (MPPT) 

for WECS. But these MPPT algorithms are not effective for tracking the maximum power reference. 

 FLUX ORIENTED CONTROL (FOC) 

There are three types of field oriented control: rotor, air gap, and stator flux orientations [19]. Indirect field 

oriented control (IFOC) and direct field oriented control (DFOC) are two more classifications for FOC. While 

IFOC is based on calculated slip frequency and measured stator speed, FOC is implemented based on stator 

voltage and current measurements. Additional benefits include more accurate flux estimation and direct 

control over stator voltage in the field weakening region when the stator flux is oriented instead of the rotor 

flux. As illustrated in Fig. 1.5, stator flux is estimated from phase currents and terminal voltages using the d−q 

or α-β reference frame.  
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Figure 5: Schematic diagram of Flux Oriented Control 

1.7 STATOR VOLTAGE ORIENTED CONTROL (SVOC) 

Since decoupling between torque and flux can be achieved in the vector control method and in comparison to 

flux control, SVOC is favoured over FOC. Reactive power production is limited in stator field-oriented control 

(FOC) when the machine reaches an unstable position. As a result, SVOC is built with an inner rotor control loop 

that precisely tracks its reference values through PI controller tuning that ensures stability. The DFIG's current 

dynamics outpace the wind turbine's mechanical dynamics. The d-axis in the SVOC scheme [23] is aligned with 

the stator voltage reference frame. Grid voltage angle must be measured and its angle must be detected for the 

voltage orientation in order to realise SVOC.  

1.8 DIRECT TORQUE CONTROL (DTC) 

To overcome the tuning difficulties of the controllers in vector control (VC) scheme and to reduce the control 

complexity, a direct torque control (DTC)[24, 33] has been proposed . DTC is used to control the 

electromagnetic torque of the generator by adjusting its torque angle and maintaining the stator flux constant 

at rated value. 

One of the problems associated with the DTC scheme is that its performance deteriorates during starting and 

very-low-speed operations. This is mainly due to repeated selection of zero voltage vectors at low speed 

resulting in flux level reduction owing to the stator resistance drop. 

 

Figure 6: Schematic diagram of Rotor Current Controller 
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1.9 MOTIVATION 

• Among the different renewable energy sources, wind power is the most dependable and rapidly developing. 

Wind turbines can run in two modes: fixed speed and variable speed. 

• The generator is directly connected to the grid when operating at a fixed speed; when operating at a 

variable speed, power electronic equipment is used to control the generator. Consequently, the double fed 

induction generator, which can function both in standalone and grid mode, is essential.  

• The variable speed, lower converter cost, fewer switching losses, increased energy efficiency, and enhanced 

power quality of DFIG have drawn increased attention. At first, a PI controller was the only tool used to 

implement the controller in the double fed induction generator.  

1.10 PROBLEM STATEMENT 

Electricity is one of the many necessities for modern life, along with water, energy, food, and other necessities. 

Without it, life would not function as it does. There are several ways to generate electricity, including 

renewable and non-renewable energy sources. Since we are aware that non-renewable energy sources will 

eventually run out, our primary goal is to concentrate on renewable energy sources in order to increase 

electricity production and meet human needs.  

A characteristics curve that expressed the relationship between torque and power and rotor speed was coded 

for various wind speeds. Plotting was done to determine how much energy could be extracted and transformed 

into mechanically useful. 

 

Figure 7: DFIG based wind energy conversion system 

II. LITERATURE SURVEY 

 In the literature review section a detailed study of DFIG, of grid side vector control technique using 

traditional PI has been studied from a doubly fed induction generator using back to back PWM converters 

and its application to variable speed wind energy generation. Numerous researchers have done extensive 

work to make the dc link capacitor voltage constant regardless of any occurrence of grid faults. New 

techniques have been approached so as to make the performance of the grid side even better. The bulk of 

chapters and published research paper relevant to this project considered for this research work. This 

chapter represents the review of previous studies and different methodology used in this field. To 

investigating the future research will be reviewed. 

 Power electronics is making an important contribution in modern wind energy. Wind turbines equipped 

with power converters such as doubly-fed induction generator (DFIG) wind turbines and permanent magnet 

synchronous generator (PMSG) wind turbines, have increased the flexibility of turbine control. This gives 
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them the possibility to be inherently more grid-friendly than the conventional fixed-speed concepts and 

potentially increases market penetration.  

 In the recent years, this technology has undergone a fast evolution due to the development of high switching 

frequency semiconductors and real-time computer controllers [1]. As a result, many advanced control 

techniques can be implemented to regulate mega-watt scale power. Component ratings are getting higher 

but the price per kVA is going down [2]. However, the power converter as a subassembly of the wind  

 turbine is subject to high failure rates, which makes them a major concern in the overall reliability of future 

offshore wind farm developments [3]. Due to the limited accessibility of the offshore environment, the 

failure rates of wind turbine systems need to be minimized in order to improve the availability. As a result, 

the power converter becomes particularly crucial to improve the wind turbine performance. 

 It is very common that reliability studies are based on field data. Due to the commercial sensitivity of wind 

turbine systems, the available data source pool used to study reliability of wind turbine technology often is 

restricted to a few databases [4], not all of which are publicly accessible.Some other publicly available 

failure statistics such as LWK, Wind stats, EPRI also contribute to reliability research. A brief introduction on 

each of these data sources is given in [5]. These surveys are based on wind turbines with different 

configurations and sizes (from 200kW to 2MW). 

 PMSGs, are considered to be the most-promising technologies for future large offshore installations. A PMSG 

equipped with a back-to-back power converter seems to be very attractive for wind turbines larger than 

3MW, which may become the dominant concept instead of the DFIG wind turbine [6]. 

 The wind generation system consists of wind turbine which gives the fluctuating output under normal 

operation due to variation in the wind. The induction generators that produce electricity on getting the 

mechanical input from the wind turbine absorb reactive power. The deficiency of the reactive power 

significantly affects the terminal voltage of the plant. The power quality issues like voltage sag, swell, flickers 

etc. occurs when wind plant is directly connected to the electricity grid [7]. 

 A controller parameter adjustment for different wind speeds was implemented in them, but the number of 

considered wind speed points for designing the controller parameters is insufficient to apply to various 

wind speeds. Overall, the small-signal modeling and analysis of a PMSG WT has been rarely researched [8]. 

 Many literatures on WT control performance issue have been published [9]. A comparison between a PMSG 

WT and a DFIG WT was studied from the stability perspective in [10], but no method for tuning controller 

parameters to improve control performance was proposed. 

 A small-signal stability analysis of a DFIG WT was presented in references. A controller parameter 

adjustment for different wind speeds was implemented in them, but the number of considered wind speed 

points for designing the controller parameters is insufficient to apply to various wind speeds. Overall, the 

small-signal modeling and analysis of a PMSG WT has been rarely researched [11]. 

 Variation of wind speed leads to the fluctuation of output from a generator and this is a serious drawback 

for the low wind speed area [12]. Therefore, power e converters are required to stabilize the voltage. 

 The wind energy conversion system consists of four subsystem which are rectifier, Bi-Directional DC-DC 

converter and power inverter. Output from a wind turbine is in the 

 AC voltage and it required to be converted into a DC voltage since boost converter is under DC-DC converter 

and finally the DC link output is given to Bidirectional DC-DC converter to store in the battery at low wind 

speed the generated voltage will be low and also Load utilizes power from the battery with the help of 

inverter [13]. 

III. METHODOLOGY & RESULTS 

3.1 MATHEMATICAL MODELING OF DFIG 

The doubly fed induction asynchronous machine (DFIAM) with wound rotor construction is another name for 

the DFIG. Because DFIAM offers variable speed operations, WECS has recently seen an increase in popularity. 

Based on synchronous generators, the fixed speed WECS rated the control equipment in accordance with the 

generator's rating. In order to compensate for variations in load and demand, the power control equipment 

must supply both active and reactive power.When compared to a DFIG-WT system, which requires a power 
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converter with a 30% rating of DFIG, the full rating power electronic converter used to control active and 

reactive power is much more expensive for fixed speed WECS. Reactive power error control is added to the 

voltage stability control. Both the rotor and stator sides can control DFIG.  

The main benefit of DFIG is that, thanks to Flexible AC Transmission System (FACTs) devices like the Static 

Synchronous Compensator (STATCOM) installed at PCC, roughly 70% of power is transferred directly through 

the stator side. Based on the dynamic regulation of reactance connected in parallel with DFIAM's Stator, the 

FACTs devices function [10]. Unlike fixed speed synchronous generators, the remaining 30% of the power is fed 

to the grid with the aid of a power electronic converter attached to the rotor side and rated between 25% and 

30% of the DFIG's power rating [7].  DFIG requires its dynamic mathematical model to be accurate in order to 

forecast its response in different scenarios. The literature contains a variety of models at different angular 

speeds and in  

3.2 DYNAMIC MODEL 

Three variable phase quantities are transformed into a set of two stationary vectors called the α-axis and β-axis 

(clark's transformation) to create the per unit dynamic model of the three phase doubly fed induction 

asynchronous machine. These fixed vectors are then converted into a rotating frame with coordinates on the d 

and q axes. The three-phase supply voltages are alternating quantities that, with the aid of Clark's 

transformation (stationary reference frame), are converted to the α and β-axes as follows: 

1) abc to αβo(stationary) 
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2) αβo(stationary) to dqoreference 
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3) dqo to abc reference 
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Figure 8: Stator phase voltages along dqand αβ-axis. 

Assumptions for the Dynamic Model: 

 No magnetic flux saturation so the mutual inductance is constant i.e unsaturated. 

 Machine windings are connected in star configuration on stator and rotor side hence no zero component. 
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 Va=Vmaxsinωt,  Vb=Vmaxsin(ωt-120), Vc=Vmaxsin(ωt+120) are balanced three phase  stator voltages. 

As per park’s transformation the three phase stator and rotor voltages transformed to a dqo rotating frame is 

given the following equations[17], 
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dq–axis components of stator voltages in terms of stator line voltages are given as: 
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dq–axis components of rotor voltages in terms of rotor line voltages are given as: 

[
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   is the angle of reference frame and      is the angle between reference frame and position of rotor.   is 

the speed of stator flux and      is the relative speed between stator’s flux and rotor’s actual angular speed.  

3.3 METHODOLOGY AND SIMULATION RESULTS 

The wind energy conversion systems (WECS) are covered in this chapter. The key components of the WECS are 

the wind turbine model, the two mass drive train models, the power converter set, and the Matlab/Simulink 

model with the PI controller and pitch control system implemented.  

3.4 PI CONTROLLER CONFIGURATIONS 

Fig. 5.1 depicts the typical architecture of a PI control system [32], wherein the error signal e(t) is utilised to 

generate the integral and proportional actions in a PI controller. The resulting signals are then weighted and 

summed to form the control signal u(t), which is applied to the plant model. The PI controller's mathematical 

description is provided as  

       *     
 

  
∫     

 

 
  +               (5.1) 

PI controller, u(t) is the input signal to the plant model, the error signal e(t) is defined as e(t)= r(t)-y(t), and r(t) 

is the reference input signal. 

 

Figure 9: A typical PI controls structure [32] 

The PI controllers are the most often type used today in industry. A PI controller is used when: 

1) Fast response of the system is not required. 

2) Large disturbances and noise are present during operation of the process. 

3) There is only one energy storage in process (capacitive or inductive). 

4) There are large transport delays in the system. 

The controller and feedback transfer functions can be equivalently written as 

          
 

   
                                                                              (5.2) 

The MATLAB Simulink model of control systems based PI controller shown in Fig. 5.2and Fig. 5.3. That 

controlled at the grid-side converter, the rotor-side converter and the pitch angle [15]. 
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Figure 10: The scheme of the rotor-side converter control system 

3.5 ROTOR-SIDE CONVERTER 

To independently control the active and reactive power on the stator side, the rotor side converter is primarily 

used. A stator flux oriented vector control scheme is used to implement the decoupled control method of active 

and reactive power. The voltage or reactive power measured at the grid terminals, as well as the wind turbine 

output power, are controlled by the rotor side converter. A predetermined power speed characteristic, also 

known as a tracking characteristic, is followed by controlling the power [37]. In Fig. 5.2, the control system is 

displayed. To compare the difference between the q-axis from the VAR regulator (Q), we control the 

electromagnetic torque into the current regulator on the d-axis. After being converted between Cartesian and 

d-q axes, the current regulator was converted into voltage. 

3.6 GRID-SIDE CONVERTER 

The grid side converter is used to regulate the DC bus capacitor voltage. The control system is shown in 

Fig.5.3.The grid-side converter control fed dc voltage regulator from difference between Vdc and Vdc reference, 

and transfer into the d-q axis current or the current regulator by PI controller. Then, using PI controller, 

transfer the regulator again into the d-q axis voltage with the electrical equation of converts not unlike the 

rotor-side convertor into using the DFIG controlled. The PI controller is controlled at the optimum point for the 

DFIG systems. 

 

Figure 11: The scheme of the grid-side converter control system 
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Figure 12:  Rotor voltage of wind generator 

 

Figure 13: Phase Rotor current Stator active power 

Characteristic is shown in fig. 12 and fig. .13 show the characteristic of reactive power. 

 

Figure 14:  Active power of stator 
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Figure 15: Reactive power of stator 

Characteristic of rotor active and reactive power is shown in fig. 16 and fig. 17 respectively. 

 

Figure 16: Active power of rotor 

 

Figure 17: Reactive power of rotor 
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IV. CONCLUSION 

To regulate the amount of power extracted from the wind, wind turbines are modelled. The output power will 

increase in tandem with the wind's velocity, according to the simulation's results, and a control system will be 

needed to limit the output power if the wind speed increases even more. In order to guarantee a wind turbine's 

safe operating area, this is accomplished by modelling the turbine blades. Because of its variable speed 

capability, higher power quality, and lower converter costs, a DFIG is preferred over synchronous generators.  

Improving power quality is the primary goal of this work, which can be accomplished by having a wind power 

plant that produces consistent output power. Utilising the PI controller simulation and DFIG model, as 

illustrated in fig. 9. Its active and reactive power results, as displayed in Fig. 13, make it abundantly evident that 

the obtained power is smooth and stable which demonstrates the excellent power quality this model achieves. 

Similar to this, Fig. 14's  rotor current results demonstrate the DFIG model's stable operation with a PI 

controller. Our goal was to propose a performance analysis of wind farms using various methodologies. Thus, 

we must once more replicate the DFIG model using the pitch angle controller displayed in fig. 12. by setting of 

different pitch angle we can obtain the stable operation of wind power plant. Results of DFIG model with pitch 

control system shown in fig. 14 clearly shows the stable operation of wind plant. So we can say that we have to 

fulfil the all objective consider in this work. Our results clearly shows the constant output power generation 

extracted which shows the good power quality.  

 SCOPE OF FUTURE WORK  

1. To implement fuzzy PI concept in the machine side converter to achieve better performance results.  

2. Extraction of the maximum power from the wind using MPPT algorithm.  

3. Try to simulate the fuzzy PI controller using improved membership function and rules to obtain a better 

stability of the dc link voltage. 
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