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ABSTRACT 

As part of this project, an inverter with four legs 

connected to the matrix side of the machine is used 

as a functioning force channel to inject available 

energy and reduce load current aggravations while 

also improving the quality of the force. This 

enables more efficient operations and higher force 

quality. Three- and one-stage straight and nonlinear 

loads are tested using a four-wire arrangement. 

When used in combination with a wind turbine, the 

utility side controller seeks to adjust for the 

disruptive effects of adjacent receptive, non-direct, 

and unbalanced single- and intra-stage loads while 

still producing sufficient dynamic and responsive 

power. To improve power quality when there is no 

wind control, The power converter should be 

connected to the lattice through a DC-connect 

capacitor. Conservative Power Theory Degradation 

is used to build the suggested control structure, 

following the stated approach. With this option, 

inverter control may be genuinely flexible, one-of-

a-kind, and game changers can be implemented. If 

the suggested control computation is to be tested 

for continuous use, then it must be 

evaluated.constant programming benchmarking has 

been directed. Opal-RT and a TI DSP have made it 

possible to implement and test the control 

mechanism on equipment above it (HIL).In 

MATLAB/SIMULINK, the control system has 

been implemented and accepted. As a consequence 

of the findings, we were able to eliminate 

unconnected channels from our electronic 

implementation of a keen framework-based control, 

making it more efficient, adaptable, and resilient. 

Keywords: PID Controller,MLI(Multi level 

inverter),SIMULINK,Wind Turbine System. 

 

I. INTRODUCTİON 
The worldwide installed wind turbine limit 

has increased significantly in recent years; by 2013, 

the United States had more over 300 GW of 

installed wind capacity.. It is now conceivable to 

maintain wind turbine technology as a fundamental 

inexhaustible asset, with comparable prices in 

$/kWh compared to classic oil product control 

plants..Progress in electrical generators and power 

devices is to blame for this development. With 

renewable energy sources, the main problem is that 

the electricity might be intermittently unavailable. 

As the intensity of inexhaustible assets 

development has expanded, it has been produced 

and employed to manage dynamic/receptive power 

and recurrence, as well as to aid maintain lattice 

voltage during difficulties and voltage 

droops.There are a few control methods for wind 

turbines in independent and lattice-related 

frameworks that have been proposed. 

Wind power may be reduced by using 

slope climbing control, fuzzy based, and adaptive 

controllers, which are typically employed on the 

machine side. Networks rely on the dynamic and 

responsive power of lattice side 

controllers.Electrical power frameworks have used 

a variety of theories, including Akagi's three-stage 

PQ (prompt power) theory to break down flow and 

voltage components into their component elements. 

There are two stages in PQ hypothesis, instead of 

three, and this allows us to better distinguish 

between the dynamic and receptive components. 

No referenceoutline adjustments are required to 

compute the current and voltage segments in a 

three-stage control hypothesis known as the 

Conservative Power Theory (CPT). References to 

these theories are available. Wind turbine control 

structures may be improved by applying the 

traditionalist power hypothesis (CPT) instead of 

establishing unique current references for particular 

disturbing impacts remuneration, as this study 

recommends in this research. 

"split-capacitor" or four-leg converters 

have been found to be employed in these inverters 

in place of the normal three-leg converters., four-
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wire applications.Air conditioner unbiased wires in 

a three-leg conventional converter are directly 

linked to the DC transport's electrical middle. A 

four-leg converter's fourth switch leg connects to 

the air conditioner's neutral wire. The "four-leg" 

converter architecture is more controllable than the 

"split-capacitor" converter topology. Nonlinear 

(adjusted and unequal) loads, as well as single- and 

three-stage direct loads, are covered in the 

framework under study. The CPT may be used to 

assess a load's resistive, receptive, unequal, and 

nonlinear qualities in a four-wire framework. 

The modern holding crane business, like 

many others, is enthralled by the opulent 

accessories, dazzling visual displays, speedy 

execution, and robotization levels that may be 

achieved via automation. However, even though 

these highlights and their linked computer 

modifications are critical to a competent terminal 

activity, we should not forget the foundation we are 

establishing. The establishment squares are held 

together by power quality. Power quality has a 

direct influence on terminal operating costs, crane 

consistency, our condition, and our interest in 

power allocation frameworks for future 

installations.For example, according to a service 

organisation leaflet that accompanied my utility 

bill, According to the author, 'a sensible use of 

energy saves you money, minimises emissions 

from generating plants, and rations our collective 

resources'. All of us are well aware that 

compartment crane operating is becoming more 

and more complicated.Cranes now in the selling 

process demand power requirements of between 

1500 and 2000 kW, which is almost twice as much 

as three years ago. Few years from now we may 

expect to see an increasing need for higher levels of 

energy and the installation of SCR converters to 

power and run the large AC and DC drives that will 

be required to power these cranes. 

This essay's final goal is to define control 

quality problems as: any power issue that causes 

client equipment to fail., financial burden to the 

client, or environmental harm. The power 

challenges that degrade control quality when 

coupled to the compartment crane business include: 

Power Factor Transients, dips, and peaks in voltage 

are all examples of harmonic distortion. Variable-

speed AC and DC drives, which allow for full-

fledged symphonic current and voltage twisting, 

are common on board holding cranes. DC SCR 

stage control SCR motors, despite the tempting 

normal power factor of SCR stage control, perform 

poorly. If the impedance and the number of drives 

are high enough, transient Pinnacle Recuperation 

Voltages (PVRV) may rise from 3 to more than 10 

times the apparent line voltage. Depending on the 

speed of the drive, the frequency and intensity of 

these damaging effects on the power structure 

might vary. AC and DC drives will provide the 

greatest symphonious current injection at low 

speeds. We'll see a decreaseIt is unfortunate that 

the administrator has to spend so much work trying 

to locate and land containers with holder cranes at 

low speeds. Poor power factor increases the utility 

or motor alternator control source's kVA request 

load. Additionally, low power factor constraints 

might affect voltage security, which can have a 

detrimental effect on fragile electronic components 

or even lead to a complete collapse of the system. 

Constant high-frequency voltages and flows, DC 

drive SCR line indenting, and AC drive voltage 

hacking are all significant causes of disruption to 

sensitive electronic equipment.Container crane 

control quality concerns are often overlooked by 

end customers, either because they don't know 

about them or because they don't think they would 

have an impact on their bottom line. 

There was no constant current injection 

prior to the invention of robust state control 

supplies. Crane populations treble, control demands 

per crane double, and static power transformation 

becomes the norm, resulting in powered quality 

difficulties.. Consonant twisting and power factor 

difficulties emerged without anybody truly 

organised to handle them.In spite of the persistent 

marketing of new cranes, crane manufacturers and 

providers of electrical drive systems maintain their 

strategic distance from the issue.It is preferable to 

ignore the power quality issue in favour of 

increasing awareness and understanding of the 

possible problems. Arrangements for addressing 

power quality issues are available. However, even 

if they are not completely free, they do indicate a 

reasonable level of profitability. Even if control 

quality is defined, it is likely that the message will 

not be received. Using the following methods may 

improve power quality: 

 a process of correcting the power factor 

Separation of the harmonics Sifting through a 

certain line score Flood hiding and proper earthling 

structures for transient voltage floods Individuals 

buying compartment cranes may not be fully aware 

of the possible power quality difficulties that may 

arise. Even if nothing more comes of it, we'd want 

to spread a little bit of awareness with this piece. A 

lot of people who are in charge of acquiring cranes 

don't realise the difficulties they face or believe it's 

someone else's responsibility. A lack of 

consideration for comprehensive power quality 

parameters such control factor modification and 

subsequent consonant filtering may result in crane 
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selection being overlooked. The use of control 

quality equipment is required for several concerns 

that are not legally defined. 

 

II. SYSTEM OF WIND ENERGY 

CONVERSION 
1 Introduction  

 Using a wind turbine, wind energy may be 

converted into mechanical energy and utilised. A 

mechanical drive train connects the turbine to the 

power producing system. A gearbox is typically 

used because of the disparity in turbine and 

generator speeds.Multiple, low-speed generators 

with synchronous or permanent magnet excitation 

are used in new wind turbine designs to remove the 

gearbox. It is possible to regulate how much 

electricity a turbine converts by adjusting its blade 

pitch angle. Turbines with stall control do not 

permit this level of control. An anemometer is used 

to measure wind speed. Figure 2.1 depicts a typical 

Wind energy conversion system. 

 
Fig. 1 Wind Energy Conversion System Block Diagram 

 

The generator converts the wind turbine's 

mechanical energy into electrical energy.If the 

application requires it, the generator might be either 

synchronous or asynchronous.Permanent magnets 

or an excitation mechanism are utilised in the first 

scenario. A power electronic interface must be 

present in order for variable speed systems to work. 

Filters and active or passive power factor 

correction devices might be included in the 

compensating unit. 

 

 

2 Various kinds of windmills 

 Wind turbines may be divided into two 

categories based on the axis of rotation.: radial and 

axial. As a general rule, horizontal-axis machines 

are more widespread, but vertical-axis machines 

are far less common 

 

Vertical and Horizontal Rotating Wind 

Turbines 

HAWTs and VAWTs are two kinds of 

wind turbines that vary in the orientation of their 

spin axis (HAWTs are horizontal and VAWTs are 

vertical) (VAWT). horizontal-axis wind turbines 

have a spinning shaft parallel to their blades. Rotor 

blade movement and favourable wind conditions 

may be better accommodated since the nacelle is 

raised by an additional nacelle tower. The nacelle 

houses the rotor hub, gearbox, generator, and 

power converters, as well as the rotor blades 

themselves. HAWTs with three-bladed rotors are 

often referred to as "upwind" configurations in the 

industry. Practical applications, on the other hand, 

may call for downwind arrangements with the 

blades positioned at the rear. Wind farms may have 

turbines with one, two, or three blades, or even 

more. 

The spin axis of vertical-axis wind 

turbines is oriented perpendicular to the ground. An 

airfoil-based turbine rotor is used in the turbine's 

rotation. The generator and gearbox are typically 



 

     

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 4, Issue 2 Feb 2022,   pp: 1370-1385  www.ijaem.net    ISSN: 2395-5252 

 

 

 

 

DOI: 10.35629/5252-040213701385Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal   Page 1373 

located at the turbine's base on the ground. The 

VAWT's rotor blades come in a range of forms and 

configurations. The graphic shows a popular 

design. Maintaining a constant rotor shaft position 

and eliminating mechanical vibrations are the 

primary goals of the VAWT's design., it is 

necessary to use guide wires. In the form of an egg 

beater, the vertical axis machine has been 

nicknamed the Darrieus rotor by its creator. Despite 

this, the majority of today's turbines have 

horizontal axis. MATLAB/SIMULINK 2009a is 

used to create and test a dynamic model of a 

horizontal axis turbine. 

Generator characteristics and stability 

Permanently powerful magnets are rare. 

Permanent magnets rather than coils are used in 

synchronous generators to generate the excitation 

field. Due to this coupling, it is possible for both 

rotor and magnetic field to spin at the same speed, 

and this current induction results in an output 

voltage. 

The vast bulk of commercial electricity is 

generated by synchronous generators. Mechanical 

power generated by steam turbines, gas turbines, 

and reciprocating engines is often converted into 

electrical power via these devices. This generator 

type is used in a wide range of wind turbine 

designs. 

 

 
 

"Rotor" and "Stator" are used 

interchangeably in most generator designs, with the 

"Rotor" holding the magnet and the "Stator" being 

the stationary armature that produces energy. The 

stator field's perpendicular and parallel 

components, as shown in the picture, impact both 

torque and voltage. The voltage is governed by the 

generator's output load.. A larger generator voltage 

may be achieved by increasing the angle between 

the rotor and stator fields. An overexcited generator 

is what's going on here.Underexcited generators, on 

the other hand, have the opposite difficulty. Normal 

utility equipment armature windings have three 

conductors, They are analogous to the three 

transmission line wires.Having the phases coiled at 

120 degrees apart on the stator helps guarantee that 

the generator rotor feels the same amount of force 

or torque at all times. Torque uniformity occurs 

when induced currents from three conductors mix 

spatially, causing the magnetic field to mimic that 

of a single spinning magnet, resulting in the 

uniformity. "Stator Field" (or "Stator Magnetic 

Field") looks like a continuous-spinning field when 

a rotor has just one dipole magnetic field 

Maintaining their location relative to one another 

while rotating, synchronised fields do so. 

 

Synchronous 

Synchronous generators may be described 

in terms of RPM (rotor revolutions per minute) and 

the f (frequency of induced voltage) in their stator 

(armature conductors) (or angular speed). If the 

rotor windings are set up to produce more than two 

magnetic poles, then additional magnetic poles 

flow through the armature windings with each rotor 

revolution. "cycle" is defined as the transit of a 

north and south pole in a magnet field oscillation. 

The constant of proportionality, which is frac 

(displaystyle frac text)P120, as there are two poles 

in each rotor, the number of rotor poles (an even 

number is almost always the case.). 

Permanent magnets in a generator produce 

the magnetic field of the rotor. Electromagnets may 

be used to generate a magnetic field in other 

https://en.wikipedia.org/wiki/File:EE137A_HW12_2.png
https://en.wikipedia.org/wiki/File:EE137A_HW12_3.png
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generators. An exciter or slip-ring assembly 

installed on the same shaft supplies direct current to 

the rotor field winding. 

No slip rings or contact brushes are required for the 

excitation circuit of a permanent magnet generator 

(PMG) or an alternator (PMA) that uses a 

permanent magnet. It is a major drawback of PMAs 

or PMGs because the air gap flux is not controlled, 

which makes it difficult to manage the voltage of 

the machine. Assembling, repairing, or servicing 

equipment in a magnetic field might be dangerous. 

There are structural and thermal concerns with 

high-performance permanent magnets. As a 

consequence of this combination of torque current 

MMF and the constant flux of permanent magnets, 

core saturation is achieved. In this kind of 

permanent magnet alternator, voltage and speed go 

hand in hand. 

Induction generators, which were popular 

in the 1980s and 1990s, need reactive power to 

excite., large capacitor banks are commonly used in 

wind-power collecting substations. A new wind 

farm's dynamic electromechanical features must be 

simulated by transmission grid operators in order to 

provide predictable and stable behaviour in the 

event of a system breakdown. While steam or 

hydro turbine-driven synchronous generators are 

capable of maintaining system voltage in the event 

of a power breakdown, induction generators are 

incapable of doing so 

Induction generators are not used in 

current turbines. The variable speed generating 

units and power converters are prevalent in turbine 

systems, as are partial or full-scale power 

converters., which are better suited to grid 

connections and low voltage ride-through 

capabilities. An example of a current notion is a 

squirrel cage induction generator or a synchronous 

generator that is both permanently and electrically 

stimulated. 

Developers of wind farms will be given a 

grid code by the transmission grid operators that 

outlines the connection requirements. Wind farm 

dynamics and power factor are taken into account 

in this process. 

2014 saw the installation of more than 50 

GW of wind power capacity in the sector, setting a 

new industry record. In 2015, the market increased 

at a rate of 22% per year, reaching a peak 

generating capacity of 60 GW. In 2015, new wind 

power capacity was built outside of Europe and 

North America. The majority of this new building 

came from China and India. Since 2006, the 

installed capacity of wind turbines has grown by 

more than 63%, according to estimates from the 

Global Wind Energy Council. As a consequence, 

the total installed wind power capacity has grown 

by 432.9 GW. Over the last year, wind energy 

investments have increased by 4 percent to $329 

billion (€296.6 billion). 

By 2020, wind power capacity will be at 

792.1 GW and 4,042 GW, notwithstanding the 

global financial crisis's detrimental effect on the 

wind power industry in 2009 and 2010. Renewable 

energy costs have dropped to record lows as more 

wind farms are placed into operation. On-shore 

wind power has already surpassed other sources of 

energy generation in terms of cost, and this trend is 

projected to continue. As of right now, onshore 

wind contracts cost less than $30 per megawatt 

hour. 

Renewable wind power provided 44% of all new 

EU generating capacity in 2015, while fossil fuel 

power generation decreased. 

 

Capacity credit, cost savings on fuel, and return 

on investment for energy 

Using conventional power plants as a 

comparison, the amount of capacity saved by 

switching to wind power is known as the "capacity 

credit." According to the American Wind Energy 

Association, wind power saved 73 billion gallons 

of water in the United States in 2015. 

In order to get a wind farm up and 

running, around 20% to 25% of its lifetime output, 

or Energy Return on Energy Invested (EROI), is 

needed. Consequently, the payback time for energy 

is often shorter than a year. 

A decade ago, wind power in Europe and the 

United States was cheaper than other forms of 

energy.As a result of a 13% reduction of prices, 

Europe achieved general grid parity in 2010 and the 

United States is predicted to do the same in 2016. 

A suggestion has been made for this. 

 

Method 

Proposed PIDController 

To put it simply, PID is a set of rules for 

controlling a closed-loop control system. 

Continuous evaluation is recommended to make 

sure that the process is being handled is being done 

correctly.An example of this is Shut-Circle Control 

(SC). "Process variable" (sometimes referred to as 

a "setpoint"), which is the purpose of the control 

device, must meet or exceed the intended standard. 

For this assignment, PID control calculations are 

the simplest and most effective. 

PID is an acronym for proportional, 

integral, and derivative calculations 

(PID).Proportional Control is the most important of 

them, since it measures the difference between the 

setpoint and the process variable in terms of 
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percentage (known as blunder),and then makes 

appropriate relative alterations to the control 

variable to remove mistake. For a broad range of 

applications, Proportional Control is a great option. 

Finally, Indispensable Control reviews and updates 

its setpoint-to-process-variable balance over an 

extended period of time. Monitored by Subsidiary 

Control to deal with unanticipated changes in yield, 

process variable progress is monitored. 

 
Block diagram of PID controller 

 

Derivative contribution to the equation (assuming 

the mistake is a derivative) is: 

 Out = g x Kd x de/dt 

The customer specifies a parameter for 

each of the three control capabilities. All things 

considered, it's necessary to become acquainted to 

these parameters since they might vary greatly 

amongst control systems. To get the most accurate 

estimations of these parameters, PID Tuning is the 

best way to use. In spite of the term "black magic" 

being used to describe PID Tuning, the process is 

really rather complex and requires a high degree of 

expertise. Any system may benefit from PID 

tuning, which can be done in a number of ways. 

Certain PID Tuning approaches use more 

hardware, but the results are more accurate and less 

time-consuming than with other techniques. The P 

(relative), I (fundamental), and D (subordinate) 

symbols are used to denote control. 

As the PID controller maintains the output at a 

fixed point between the process variable and 

setpoint, its responsibility is to ensure that there is 

no discrepancy in output (error) between the two 

(SP). 
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PID working module 

Valves may manage a wide range of 

processes, from heating gas for warmers to cooling 

it in coolers to moving it via pipes to tanks of 

various sizes and weights. The chart shown above 

the valve shows a wide range of possibilities. 

A three-term manager is another word for 

this. To complete an electronic controller 

calculation, a controller must know (tuning 

constants) about the controller's own knowledge, 

the desire of the administrators for a desired 

working quality (set point) and the existing 

assessments of the plant's production 

processes..The controller must work hard to ensure 

that the process value is as close to the set point as 

possible.In a crucial process control circle, PID 

calculations are used to this end. 

Every PID controller has a crucial role in 

maintaining a constant output, so that the process 

variable (Pv) does not deviate from its setpoint 

(SP). To illustrate, a valve might regulate the flow 

of gas to a warmer or the temperature of an 

evaporator. It could also be used to control weight 

in a pipe, the movement of a pipe, or the capacity 

of a tank.Examples of seaward control include 

offshore wind farms that may be utilised to produce 

power from the wind. 

In the maritime sector, the word "seaward" 

is not used in the traditional sense; rather, Inshore 

waters, such as lakes, fjords and protected 

beachfront zones are included in seaward wind 

management., as well as deep ocean locations 

utilising gliding turbines. Seaward Wind Control. 

Close-shore wind management is a subcategory of 

seaward wind control. Examples of seaward control 

include offshore wind farms that may be utilised to 

produce power from the wind. There is less 

NIMBY opposition to seaward wind power 

development because of the higher possible speeds 

of the sea breeze than on land. Wind farms near the 

sea are frequently costly, yet at the end of 2012, 

there were 1,662 turbines in 55 seaward wind farms 

in ten nations throughout Europe that provided 

enough energy to power slightly less than five 

million households units. a set of machine-

controlled sensors In order to capture all of the 

turbine's power, the machine side converter must 

discover the rotor's sweet spot. 

This specific wind turbine may generate 

the highest power at the turbine's maximum power 

coefficient. The optimal rotor speed for a given 

wind speed is determined by the maximum rotor-

to-wind ratio that may be achieved.For maximum 

power generation, one must know how to calculate 

the best rotational speed, which may be done as 

follows: w,opt = (vwopt + Rw) Taking the 

idealised rotor speeds from the actual speeds results 

in a miscalculation. For the inner current controller, 

a reference voltage is provided by the rotor speed 

controllers.This paper's starting point is zero. The 

controller strategy is explained in great depth. 

Lattice structure and heap are detailed in depth. 

By 2013, the worldwide installed capacity 

of wind turbines had increased to more over 300 
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GW, a significant increase over the previous 

several years. Improvements in wind turbine 

technology have made it feasible to maintain this 

energy source indefinitely and at a lower cost per 

kilowatt hour than typical oil product control 

facilities. Electric generators and power gadgets are 

to responsible for this change. The major problem 

with renewable energy sources is that they may not 

be able to provide electricity at all times.Examples 

include utility-joining and control electronic 

inverters that handle dynamic/receptive power, 

frequency, and voltage droops as a consequence of 

the increased intensity of the growth of 

inexhaustible resources. There have been several 

studies on wind turbine control in both independent 

and lattice-related contexts. They use slope 

climbing control, fluffy-based and flexible 

controllers, which are typically based on field-

based or vector control methods, to take advantage 

of the wind's greatest power point. For dynamic 

and responsive electrical delivery, the lattice side 

has systems in place. Power frameworks have used 

theories like Akagi's three-stage PQ (prompt 

power) theory to break down flow and voltage 

components into their component pieces. There are 

several ways to use the PQ hypothesis, such as 

reducing a three-stage plan into two steps. As 

illustrated in this example, the three-stage control 

hypothesis, the Conservative Power Theory (CPT), 

is used to calculate the current and voltage 

segments without changing the reference outline. 

These hypotheses have been studied and may be 

found in books and articles. In a CPT-inspired 

research, a three-stage, four-wire wind turbine 

controller is proposed, As long as the wind 

turbine's matrix side converter can handle both 

single-stage and three-stage loads, it can improve.A 

"split capacitor" or a "four-leg converter" have 

been used to convert three-phase, four-wire 

inverters. DC transport's electrical centre is directly 

linked to the AC unbiased cables in classic 

converters. To connect the air conditioner's neutral 

wire, you need a four-leg converter. More 

controllability is provided by the "four-leg" 

converter design than by the "split capacitor" 

design. The framework incorporates nonlinear 

(adjusted and unequal) loads, as well as single- and 

three-stage direct loads. With the CPT, a four-wire 

framework's resistive, receptive and nonlinear 

characteristics may be studied. 

 

III. RESULT 
Simulation Result Analysis 

The figure shows the block diagram of the system 

without PID controller and multilevel inverter 

which affects system power quality. 

 

 
Circuit without compensation 



 

     

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 4, Issue 2 Feb 2022,   pp: 1370-1385  www.ijaem.net    ISSN: 2395-5252 

 

 

 

 

DOI: 10.35629/5252-040213701385Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal   Page 1378 

 
Voltage profile Circuit without compensation 

 

The above picture shows the voltage profile of the circuit without PID controller. Here we can see the voltage 

sag and swells. 

 

 
Current profile Circuit without compensation 

 

The above picture shows the current profile of the 

circuit without PID controller. Here we can see the 

current harmonics. 

The below figure shows the block diagram of PID 

controller based gird connected system for 

improving the power quality issues. The PID 

controller is used for the better performance in 

working and more efficient. Consecutive converters 

with a lasting magnet synchronous generator are 

used in the context of the wind turbine, which uses 

a similar transportation system. The piles are a 

mixture of direct and inductive loads. 
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Exıstıng method for Compensatıon 

Voltage profile for existing method 

 

The above diagram shows the voltage profile of the PID controller is grid connected to the wind turbine system. 

Here we can observe that the voltage sags and swells are compensated therefore power quality is improved.  
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Current profile for Existing method 

 

The above diagram shows the current profile of the PID controller energy system. Here we can observe that the 

current harmonics are compensated therefore power quality is improved. 

 

 
Controller for the existing system 

 

The above figure shows the PID controller circuit connected in the system 

 
THD for existing system 
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The diagram above illustrates clearly the THD of 

the PID controller system. A total harmonic 

distortion of the system is found 6.45%.  

 

Multilevel Inverter: 

Electricity is required in many industrial 

applications nowadays. Industrial appliances that 

need medium or low power may still be found. 

With a high power supply, there are both benefits 

and cons. A vast variety of medium voltage motor 

drives and utility applications need the use of 

medium voltage power. After the standard inverter 

was introduced in 1975, a multi-level inverter was 

developed for high-power and medium-voltage 

applications. The Multilevel inverter may be used 

in place of an inverter in high-power and medium-

voltage systems. 

 

Types of Multilevel Inverter: 

Multilevel inverters are three types. 

 Diode clamped multilevel inverter 

 Flying capacitors multilevel inverter 

 Cascaded H- bridge multilevel inverter 

 

The Diode Clamped Multilevel Inverter:. 

Using diodes, this inverter gives a 

succession of voltage levels to the connected 

capacitor banks. Diodes reduce the burden on other 

electrical devices by sending low voltages. Half of 

the DC voltage may be used to create the maximum 

output voltage. This is the fundamental problem 

with multilayer diode clamped inverters. Increasing 

the number of switches, diodes, and capacitors may 

be the solution to this issue. For capacitor balance 

reasons, the three levels have been restricted. High 

efficiency and easy back-to-back power 

transmission systems may be achieved with this 

inverter's utilisation of a fundamental frequency. 

Diode-Clamped Multilevel Inverter 

Applications: 

 Static var compensation 

 Variable speed motor drives 

 High voltage system interconnections 

 High voltage DC and AC transmission lines 

 

The Flying Capacitors Multi-Level Inverter. 

Capacitors are used to power this inverter. 

Switching cells that have been clamped by a 

capacitor are linked in series. The capacitors 

transmit the voltage to the electrical equipment. 

Like the diode clamped inverter, this inverter has 

the same switching states. Clamping diodes are not 

required in this kind of multilayer inverter.The 

gadget outputs half of its DC voltage. The flying 

capacitors multilayer inverter has this problem. To 

maintain the flying capacitors in a balanced 

condition, phase redundancy is required.Both 

active and reactive power may be controlled by it. 

There will be switch losses as a consequence of the 

high-frequency switches. 

 

Multilevel Flying Capacitor Inverter Uses 

 Direct Torque Control (DTC) circuits are used 

to control induction motors. 

 Static var generation 

 Applications for both AC-DC and DC-AC 

conversions 

 Converters with Harmonic distortion capability 

 Sinusoidal current rectifiers 

 

H-Bridge Multilevel Inverter Cascade 
There are fewer components needed in 

each level of an H-bride inverter than there are in 

other multilayer systems. To increase the output 

power, a succession of power conversion cells may 

be used. The DC voltage for each H-bridge is 

supplied by an H-bridge made composed of 

capacitors and switches. Because each cell may 

provide either zero, positive, or negative DC, it is 

feasible to generate all three voltages. Multi-level 

inverters have fewer components than diode-

clamped and flying-capacitor-based 

inverters.Another two inverters exist, but this one is 

more affordable and more portable. Some modern 

switching methods allow for soft-

switching.Clamping diodes and flying capacitors 

may be removed by using multilayer cascade 

inverters instead of standard multiphase inverters, 

clamping diodes, and flying capacitors. As a result, 

several voltages are necessary to provide electricity 

for each of these cells. 

Cascaded H-Bridge Multilevel Inverter 

Applications 

 Motor drives 

 Active filters 

 Electric vehicle drives 

 DC power source utilization 

 Power factor compensators 

 Back to back frequency link systems 

 Interfacing with renewable energy resources. 

 

Benefits of Multilevel Inverter: 

Multilevel converters are advantageous in a number 

of ways, among them: 

1. Voltage in the "Common Mode": 

When using multiple inverters, the stress on the 

motor is reduced and the motor doesn't wear out as 

a result. 

2. Input Current:  

Using many levels of inverters, the input current 

may be drawn with little distortion 
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3. Switching Frequency: 

Depending on the basic switching frequency, the 

multilayer inverter may operate at either a higher or 

lower frequency. Reduced frequency results in a 

reduction in switching losses, leading in better 

efficiency. 

4. Reduced harmonic distortion: 

The output waveform's harmonic distortion was 

decreased by combining a multi-level structure 

with a selective harmonic reduction strategy. 

 
Proposed MLI based compensation 

 

The figure shows the simulation circuit with PID controller and multilevel inverter. With a permanent 

magnet synchronous generator, we employ a back-to-back converter. A mix of linear and highly inductive loads 

is used to generate the loads. 

 
Proposed controller 
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Proposed system voltage 

 

A stabilized output voltage waveforms has been created using PID controller and multilevel inverter. 

 

 
Proposed system current 

 

A stabilized output current waveforms has been generated using PID controller and multilevel inverter. 
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Proposed system THD 

 

The THD of the system is decreased by using 

multilevel inverter. The THD is decreased from 

6.45% to 3.30%. Therefore we can enhance power 

quality improvement by using multilevel inverter.   

 

IV. CONCLUSİON 
As part of this project, a PID controller 

was employed to govern a group of wind turbines 

linked to a mechanical plant. On the lattice side, the 

wind turbine's four-leg inverter provides full 

correction for load current aggravations. To 

motivate the set-point reference and force the 

alleviation of unsettling effects, the main 

commitment is based on CPT, which provides the 

control structure with significant flexibility. An 

extensive real-time benchmarking contextual 

assessment of the control structure was carried out 

with the aid of equipment on top. The "Opal-RT" 

constant framework was used to programme our TI 

DSP to do the control computations.For testing 

permission, the estimates for a refit of a wind 

turbine have been adjusted (future work). The THD 

was improved for each unique assignment, and the 

calculation was completed without a hitch. There is 

evidence to support the paradigm provided here, 

which may prevent utilities and modern purchasers 

from installing dynamic channel technology. 
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