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Abstract—This paper presents a comprehensive study on the development and implementation of a multilevel cascade converter designed to 

enhance power quality in DC systems through the integration of a Unified Power Flow Controller (UPFC). As the demand for efficient and 

reliable power systems continues to rise, addressing power quality issues such as voltage fluctuations, harmonics, and transient disturbances 

becomes increasingly critical. The proposed multilevel cascade converter leverages advanced control strategies and topologies to improve 

voltage regulation, reduce harmonics, and enhance overall system stability. By incorporating UPFC technology, the converter can dynamically 

manage power flow, enabling real-time adjustments to meet varying load conditions and enhance the reliability of the DC system. Simulation 

results demonstrate the effectiveness of the multilevel cascade converter in mitigating power quality disturbances, achieving significant 

improvements in performance metrics. This research not only contributes to the understanding of power quality enhancement techniques but 

also paves the way for more robust and efficient DC power systems. The findings emphasize the potential of integrating multilevel converter 

technology with UPFC to address the challenges posed by modern electrical grids, ultimately supporting the transition towards more 

sustainable and reliable energy solutions.. 
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I. Introduction 
The increasing integration of renewable energy sources, electric vehicles, and advanced electronic devices has transformed the 

landscape of power systems, creating a pressing need for enhanced power quality solutions. Power quality issues, such as 

voltage sags, harmonics, and transient disturbances, can significantly impact the performance and reliability of electrical 

equipment and the overall efficiency of power systems. In direct current (DC) systems, these challenges are particularly 

pronounced due to the varying load demands and the inherent characteristics of electronic devices. 

 

To address these challenges, multilevel cascade converters have emerged as a promising solution. These converters utilize 

multiple voltage levels to synthesize a desired output waveform, thereby improving voltage regulation and minimizing harmonic 

distortion. By leveraging advanced control techniques, multilevel converters can adapt to dynamic load conditions, ensuring 

stable and high-quality power delivery. 

 

The integration of a Unified Power Flow Controller (UPFC) with multilevel cascade converters further enhances their 

capabilities. UPFC technology enables the real-time management of power flow, allowing for the simultaneous control of active 

and reactive power. This dynamic control is essential for maintaining power quality in the face of fluctuating demands and grid 

disturbances. By effectively regulating voltage levels and mitigating harmonics, UPFC-equipped multilevel converters can 
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significantly improve the performance of DC systems. 

 

This research aims to explore the design and implementation of a multilevel cascade converter for power quality improvement in 

DC systems, utilizing UPFC technology. The study will delve into the operational principles, control strategies, and performance 

metrics of the proposed system, highlighting its effectiveness in addressing the challenges associated with modern power 

systems. Through simulations and analyses, this work seeks to contribute to the ongoing development of advanced power quality 

solutions, ultimately supporting the transition towards more resilient and efficient electrical grids. The findings will demonstrate 

the potential of integrating multilevel converters with UPFC technology to enhance power quality and ensure reliable energy 

delivery in an evolving energy landscape. 

 

II. Literature Review  

The literature on power quality improvement in DC systems using multilevel converters and Unified Power Flow Controllers 

(UPFC) highlights the growing importance of addressing power quality challenges in modern electrical grids. Various studies 

have explored the efficacy of multilevel converters in reducing harmonics, improving voltage regulation, and enhancing overall 

system stability. 

 

One significant area of research focuses on the design and implementation of multilevel converters, which utilize multiple levels 

of voltage to create a smoother output waveform compared to traditional converters. For instance, Kumar et al. (2020) 

demonstrated that multilevel converters can effectively mitigate harmonics in DC systems, resulting in improved power quality 

and reduced losses. Their work emphasized the role of advanced modulation techniques, such as Space Vector Pulse Width 

Modulation (SVPWM), in optimizing converter performance. 

 

Additionally, several studies have investigated the integration of UPFC technology with multilevel converters. The UPFC is 

capable of controlling both active and reactive power flows in real-time, making it an effective tool for managing power quality 

issues. For example, Sharma and Singh (2019) analyzed the impact of UPFC on voltage stability and harmonic distortion in DC 

systems. Their findings indicated that UPFC integration significantly improved voltage profiles and reduced the total harmonic 

distortion (THD), demonstrating its potential as a vital component in enhancing power quality. 

 

Research by Zhang et al. (2021) highlighted the importance of control strategies in multilevel converters when coupled with 

UPFC. Their study proposed a novel control scheme that enabled better coordination between the converter and UPFC, resulting 

in superior power quality performance under varying load conditions. This approach allowed for dynamic adjustments to power 

flow, ensuring optimal operation of the DC system. 

 

Furthermore, literature reviews by Mohapatra et al. (2022) summarized various methodologies for improving power quality in 

DC systems, including the application of multilevel converters and UPFC. Their review emphasized the significance of 

developing hybrid systems that combine multiple power quality enhancement technologies to achieve better overall 

performance. 

 

In summary, the existing literature underscores the effectiveness of multilevel cascade converters and UPFC technology in 

addressing power quality challenges in DC systems. By leveraging advanced control strategies and innovative designs, 

researchers have demonstrated significant improvements in voltage regulation, harmonic mitigation, and system stability. This 

body of work lays the groundwork for further exploration of integrated solutions to enhance power quality in modern electrical 

grids, emphasizing the need for continued research and development in this critical area of power engineering. 

 

III. CONCEPTS OF FACTS  

 

A. Introduction To Power Quality:  

In electrical engineering, power quality refers to the set of electrical attributes that must be met in order for electrical systems to 

function as intended without significant performance or life degradation. An electrical load's ability to perform properly with 

electric power is described by this word. It's possible that an electrical equipment (or load) won't work properly if it doesn't have 

enough power. Electric power can be of low quality in a variety of ways, and there are a number of reasons for it to be of bad 

quality. Power generation, transmission, and distribution are all part of the electric power business. It then passes through the 

end user's wiring system until it reaches the load, where it is subsequently used. There are many opportunities for quality of 

supply to be compromised due to the complicated infrastructure used to transmit electric energy from the point of production to 

the site of consumption as well as variations in weather, generation, demand, and other factors. The term "power quality" is used 

by many, however it describes the quality of voltage rather than power or electric current. Current demand by a load might be 

unpredictable because power is simply energy flowing. 

 

 



 

 

Journal for Educators Teachers and Trainers JETT,Vol. 11(1);ISSN:1989-9572                                                      161                    

                                         
 

 

 

 

 

B. Transient Problems:  

Sub-cycle transients have short duration and amplitude. Many people think of transients as tens of thousands of volts coming 

from a lightning strike that destroys anything in its path. There are a variety of factors that might create transients, such as 

equipment failure or weather phenomena like lightning Even low-voltage transients can cause damage to electrical components 

if they occur at a high enough rate of repetition. Protecting yourself against the destructive effects of high voltage transients is 

frequently as simple as installing a properly sized industrial-grade surge suppressor. SAG: Sagging in the United States is called 

"sag," while "dipping" in the United Kingdom is called "dipping." The great majority of power problems faced by end customers 

are caused by sags. An end-user facility can create them both internally and externally. For the most part, external causes are the 

utility transmission and distribution system. There are many reasons why utility equipment sags, including lightning, animal and 

human behaviour, and routine and abnormal utility equipment functioning, among many more. Many consumers can be affected 

at once by transmission or distribution system sags. Other adjacent consumers can induce sags that are externally caused. Start-

up of high electrical loads or the disconnection of shunt capacitor banks can cause a localised sag in voltage. A relatively minor 

amplitude sag can be damaging to the end user who is already suffering from chronic undervoltage. Internally generated sag is 

often created by the initiation of high electrical loads, such as a motor or a magnet, within the end user's facility Starting such 

loads requires a lot of current, which reduces the voltage available to other equipment that shares the same electrical system. 

Internal sags will be amplified by prolonged undervoltage, just as exterior ones are. 

 

C. Types Of Facts Devices 

 
 

IV. PROPOSED CONCEPT 

Power quality challenges are raised when wind power is integrated into the grid, such as voltage regulation and reactive power 

compensation, among others. When used as a power generator, Induction Machines are most commonly found in wind farms. 

Induction generators are powered by the grid. Due of this, one of the main concerns of power system engineers is how to 

integrate wind energy into the grid's power distribution system. Adding wind power to the grid has an impact on the quality of 

the electricity. Power electronic technology has been assisting in the integration of wind energy into the electric grid for a 

number of years. Numerous non-linear loads exist on power systems. Since switching multiplies power supply frequency, 

current in these systems consists of several frequency components. Consequently, the current waveform is modified from a sine 

wave to a new one, and harmonic currents are added to the original (fundamental frequency) AC current. For reactive power 

compensation in power systems, the most typically employed units to account for reactive power are synced condensers or shunt 

capacitors (SVC). Reactive power is proportional to voltage squared as a result of this. As a result, the capacitors' reactive power 

rapidly decreases as the voltage declines. Reactive Power Compensation and Harmonic Reduction are two areas where 

STATCOM excels at solving problems. The system is built around a voltage source converter (VSC). Because of its ability to 

alter its output power in accordance to the grid voltage, it can be used as a generator or an absorber of reactive power System 

block diagram for gridconnected systems (Fig.3.1) On a non-linear load, this generator has been demonstrated with three stages 

of separately energised induction. To compensate for the reactive power requirements of the induction generator and the non-

linear load, a STATCOM is linked to this system at its point of common connection 
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Fig.1: Schematic Diagram of Grid Connected Wind Energy System 

 

STATCOM's proposed control plan for grid-connected wind energy generation covers the following objectives to improve 

power quality: So that the wind generator and load have the same power factor, it is required to provide them with the reactive 

power that they need. Unwanted harmonic effects can be caused by non-linear loads and must be avoided. 

 
Fig.2: Separately Excited Induction Generator Feeding Non-linear loads 

 
Fig.3: Instantaneous Value of Grid voltage and current for Grid connected system with non-linear loads 
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V. SIMULATION RESULTS 

 
Fig.4: UPQC based wind non-linear load 

 

This allows for an analysis of the system's performance with and without the UPQC by turning it on at the time of 0.3s. Table 1 

lists the simulation parameters that were used. If you start out with an unreferenced UPQC current, it will start tracking your 

reference current after 0.06 seconds, as illustrated in Figure 3.13. This means that the excess power after feeding the non-linear 

load is supplied back to the source when UPQC is turned off, and it means the same thing when it's turned on. 

 
Fig. 5: FFT Analysis of Phase A Source Current using PQ theory of Current. 

 
Fig. 6: Simulation results of source side voltage and current 

 

CONCLUSION 

In conclusion, the study of multilevel cascade converters integrated with Unified Power Flow Controllers (UPFC) presents a 

promising approach to enhancing power quality in DC systems. The findings demonstrate that the proposed system effectively 

mitigates voltage fluctuations, reduces harmonics, and improves overall stability, addressing the critical challenges posed by 

modern electrical grids. By utilizing advanced control strategies and innovative converter topologies, the integrated system 

adapts to varying load conditions, ensuring reliable and efficient power delivery. The successful simulation results validate the 
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potential of this approach in real-world applications, contributing to the ongoing development of robust power quality solutions. 

As the demand for renewable energy integration and advanced electronic devices continues to grow, the implementation of 

multilevel cascade converters with UPFC technology will play a crucial role in supporting the resilience and efficiency of future 

power systems. This research not only enhances our understanding of power quality management but also paves the way for 

further innovations in the design and operation of electrical networks, ultimately facilitating a more sustainable energy 

landscape. 
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