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ABSTRACT

Power Quality is an essential concern in the modern power system that can affect consumers and
utility. The integration of renewable energy sources, smart grid systems and extensive use of power
electronics equipment caused myriad problems in the modern electric power system. Current and
voltage harmonics, voltage sag, and swell can damage the sensitive equipment. These devices are
susceptible to input voltage variations created by interference with other parts of the system.
Hence, in the modern age, with an increase in sensitive and expensive electronic equipment, power
quality is essential for the power system’s reliable and safe operation. Dynamic Voltage Restorer
(DVR) is a potential Distribution Flexible AC Transmission System (D-FACTS) device widely
adopted to surmount the problems of non-standard voltage, current, or frequency in the distribution
grid. It injects voltages in the distribution line to maintain the voltage profile and assures constant
load voltage. The simulations were conducted in MATLAB/Simulink to show the DVR-based
proposed strategy’s effectiveness to smooth the distorted voltage due to harmonics. A power
system model with a programmable power source 1s used to include 3rd and 5th harmonics. The
systems’ response for load voltage is evaluated for with and without DVR scenarios. It has been
noted that the proposed DVR based strategy has effectively managed the voltage distortion, and a
smooth compensated load voltage was achieved. The load voltage THD percentage was
approximately 18% and 23% with insertion 3rd and 5th harmonics in the supply voltage,
respectively. The inclusion of the proposed DVR has reduced THD around less than 4% in both
cases.

Keywords: Power Quality, Modern Power System, Renewable Energy Sources, Smart Grid
Systems, Power Electronics Equipment, Current Harmonics, Voltage Harmonics, Voltage Sag,
Voltage Swell, Sensitive Equipment, Input Voltage Variations, Dynamic Voltage Restorer (DVR),
Total Harmonic Distortion (THD)

INTRODUCTION

In the contemporary landscape of power systems, the quest for maintaining optimal power quality
has become paramount, driven by the integration of renewable energy sources, the advent of smart
grid systems, and the widespread deployment of power electronics equipment. These
advancements have ushered in a new era of electricity generation, transmission, and distribution,
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offering both opportunities and challenges for ensuring the reliability and efficiency of the power
supply [1-3].Power quality encompasses a multitude of factors that can influence the performance
of electrical networks and the equipment connected to them. Among these factors, current and
voltage harmonics, voltage sag, voltage swell, and input voltage variations stand out as critical
parameters that require meticulous attention [4]. The presence of harmonics, for instance, can
distort the sinusoidal waveform of the voltage and current signals, leading to detrimental effects
on the performance of sensitive equipment such as computers, medical devices, and industrial
machinery [5].

Voltage sags and swells, on the other hand, refer to temporary reductions or increases in the
magnitude of the voltage levels, often caused by abrupt changes in the electrical load or faults in
the distribution system [6]. These voltage deviations can disrupt the operation of sensitive
equipment, cause malfunctions, and incur significant financial losses for industrial and commercial
consumers [7].Moreover, the integration of renewable energy sources such as solar photovoltaics
and wind turbines into the grid introduces additional complexities to the power system dynamics.
The intermittency and variability of renewable generation pose challenges for maintaining grid
stability and power quality, necessitating innovative solutions for grid management and control
[8].In this context, the concept of the Dynamic Voltage Restorer (DVR) has emerged as a
promising technology for addressing power quality issues at the distribution level. The DVR
belongs to the family of Distribution Flexible AC Transmission System (D-FACTS) devices and
is designed to mitigate voltage disturbances and improve power quality in distribution networks
[9]. By actively injecting compensating voltages into the distribution line, the DVR can mitigate
voltage sags, swells, and harmonics, thereby ensuring a stable and reliable power supply to
sensitive loads [10].

The integration of DVRs into distribution grids offers several benefits, including improved voltage
profile, enhanced reliability, and increased system resilience against voltage fluctuations and
disturbances [11]. By providing dynamic voltage support, DVRs enable the continuous operation
of critical loads, thereby minimizing downtime and maximizing productivity in various industrial,
commercial, and residential applications [12].To evaluate the effectiveness of DVRs in enhancing
power quality, extensive research and development efforts have been undertaken, encompassing
theoretical analyses, simulation studies, and experimental validations [13]. Advanced simulation
tools such as MATLAB/Simulink have facilitated the modeling and analysis of power systems
with DVR integration, allowing researchers to assess the performance of DVR-based control
strategies under different operating conditions [14].

Simulation studies have demonstrated the efficacy of DVR-based solutions in mitigating voltage
distortions caused by harmonics and other power quality issues [15]. By implementing
sophisticated control algorithms, DVRs can dynamically adjust the injected voltages to maintain a
smooth and stable load voltage profile, thereby minimizing the impact of voltage fluctuations on
sensitive equipment and improving overall system performance.In summary, the Dynamic Voltage

Volume 06, Issue 11, Nov 2022 ISSN 2581 - 4575 Page 254



International Journal For Recent
Developments in Science & Technology

: - v =
=
2581-4575 o= Crossref

Restorer (DVR) represents a promising custom power device for enhancing power quality and
ensuring the reliable operation of electrical networks in the modern power system. By mitigating
voltage disturbances, harmonics, and other power quality issues, DVRs contribute to the
optimization of grid performance, the reduction of downtime, and the enhancement of overall
system reliability and efficiency.

LITERATURE SURVEY

The pursuit of reliable and high-quality power supply is a fundamental objective in modern power
systems, where the integration of renewable energy sources, advancements in smart grid systems,
and the widespread utilization of power electronics equipment have ushered in a new era of
electricity generation, transmission, and distribution. However, amidst these advancements lies the
pressing concern of power quality, encompassing a multitude of factors that can profoundly impact
the performance of electrical networks and the equipment connected to them.One of the primary
challenges in ensuring power quality is the presence of current and voltage harmonics, which can
distort the sinusoidal waveform of voltage and current signals. Harmonics arise from the operation
of nonlinear loads such as power electronics equipment, leading to undesirable effects such as
increased losses, reduced efficiency, and overheating of equipment. Voltage sag and swell are
additional phenomena that can disrupt the operation of sensitive equipment. Voltage sag refers to
a temporary reduction in voltage levels, often caused by sudden increases in load demand or faults
in the distribution system, while voltage swell involves temporary increases in voltage levels.The
proliferation of sensitive electronic equipment across various sectors, including industrial,
commercial, and residential settings, underscores the critical importance of mitigating power
quality issues. Sensitive equipment such as computers, medical devices, and industrial machinery
are highly susceptible to voltage fluctuations and harmonics, which can lead to malfunctions,
reduced lifespan, and significant financial losses.

In addressing power quality concerns, the Dynamic Voltage Restorer (DVR) has emerged as a
promising technology for improving voltage stability and mitigating voltage disturbances in
distribution networks. As a member of the Distribution Flexible AC Transmission System (D-
FACTS) family, DVRs are designed to inject precise compensating voltages into the distribution
line, thereby counteracting voltage sags, swells, and harmonics. By maintaining a stable voltage
profile and ensuring a constant load voltage, DVRs play a crucial role in safeguarding sensitive
equipment from voltage fluctuations and disturbances.The effectiveness of DVRs in enhancing
power quality has been extensively studied through theoretical analyses, simulation studies, and
experimental validations. Simulation tools such as MATLAB/Simulink provide a versatile
platform for modeling and analyzing power systems with DVR integration. Simulation studies
have demonstrated the capability of DVR-based solutions to mitigate voltage distortions and
ensure a smooth load voltage profile under various operating conditions. These studies have
contributed valuable insights into the performance characteristics and control strategies of DVRs,
paving the way for their widespread deployment in distribution networks.Experimental validations
have further corroborated the effectiveness of DVRs in real-world settings, providing empirical
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evidence of their ability to improve power quality and protect sensitive equipment from voltage
disturbances. By conducting experiments in controlled laboratory environments and field
installations, researchers have gained valuable data on the performance, reliability, and operational
characteristics of DVRs.

Despite their potential benefits, the integration of DVRs into distribution networks poses several
challenges, including control coordination, system compatibility, and cost considerations.
Addressing these challenges is crucial for ensuring the successful deployment and operation of
DVRs as custom power devices for power quality improvement.Comparative studies have been
conducted to evaluate the performance of DVRs against other power quality improvement devices
such as static compensators (STATCOMs) and active power filters (APFs). These studies have
highlighted the unique advantages of DVRs in mitigating voltage disturbances and improving
power quality in distribution networks. By analyzing the performance, cost-effectiveness, and
scalability of different power quality improvement solutions, researchers can identify the most
suitable technologies for specific applications and deployment scenarios.

Looking ahead, future research in the field of DVRs and power quality improvement may focus
on developing advanced control algorithms, optimizing DVR performance in multi-source
microgrids, and addressing integration challenges in distribution networks. By leveraging
advancements in control theory, communication technologies, and renewable energy integration,
researchers can further enhance the effectiveness and reliability of DVRs as custom power devices
for enhancing power quality in modern power systems. The Dynamic Voltage Restorer (DVR)
represents a promising solution for improving power quality and ensuring the reliable operation of
sensitive equipment in distribution networks. Through theoretical analyses, simulation studies,
experimental validations, and comparative assessments, researchers have demonstrated the
effectiveness of DVRs in mitigating voltage disturbances and harmonics, thereby contributing to
the optimization of power system performance and the enhancement of overall grid reliability and
efficiency.

PROPOSED SYSTEM

In the contemporary landscape of power systems, ensuring optimal power quality has become an
indispensable concern amidst the integration of renewable energy sources, advancements in smart
grid systems, and the widespread deployment of power electronics equipment. Power quality
encompasses a range of factors, including current and voltage harmonics, voltage sag, voltage
swell, and input voltage variations, all of which can significantly affect the performance and
reliability of electrical networks and the equipment connected to them.The proliferation of
sensitive electronic equipment across various sectors, including industrial, commercial, and
residential settings, highlights the critical importance of mitigating power quality issues to prevent
equipment damage, ensure uninterrupted operations, and minimize financial losses. Voltage
fluctuations, harmonics, and other power quality disturbances can lead to malfunctions, reduced
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efficiency, and increased wear and tear on equipment, ultimately impacting productivity and
increasing operational costs.

In addressing power quality concerns, the Dynamic Voltage Restorer (DVR) emerges as a
promising technology for enhancing voltage stability and mitigating voltage disturbances in
distribution networks. As a member of the Distribution Flexible AC Transmission System (D-
FACTS) family, DVRs are designed to inject precise compensating voltages into the distribution
line to counteract voltage sags, swells, and harmonics. By maintaining a stable voltage profile and
ensuring a constant load voltage, DVRs play a crucial role in safeguarding sensitive equipment
from voltage fluctuations and disturbances.The proposed system aims to leverage the capabilities
of DVRs as custom power devices for enhancing power quality in distribution networks. By
integrating DVRs into distribution grids, the system seeks to address power quality issues such as
voltage distortions, harmonics, and voltage fluctuations, thereby improving the reliability and
efficiency of the power supply. Through advanced control algorithms and dynamic voltage
support, DVRs can effectively mitigate voltage disturbances and ensure a smooth load voltage
profile, enabling the continuous operation of critical loads and minimizing downtime.Simulation
studies conducted using tools such as MATLAB/Simulink provide valuable insights into the
performance characteristics and control strategies of DVRs in mitigating power quality issues. By
modeling power systems with DVR integration, researchers can evaluate the effectiveness of
DVR-based solutions under various operating conditions and assess their impact on voltage
stability, load voltage, and total harmonic distortion (THD). These simulation studies serve as a
crucial step in the design and optimization of DVR-based systems for power quality improvement.

Experimental validations further corroborate the effectiveness of DVRs in real-world settings,
providing empirical evidence of their ability to improve power quality and protect sensitive
equipment from voltage disturbances. By conducting experiments in controlled laboratory
environments and field installations, researchers can validate the performance, reliability, and
operational characteristics of DVRs and optimize their deployment in distribution
networks.Despite their potential benefits, the integration of DVRs into distribution networks poses
challenges related to control coordination, system compatibility, and cost considerations.
Addressing these challenges is essential for ensuring the successful deployment and operation of
DVRs as custom power devices for power quality improvement. Comparative studies against other
power quality improvement devices such as static compensators (STATCOMs) and active power
filters (APFs) provide insights into the unique advantages of DVRs and their suitability for specific
applications and deployment scenarios.

Looking ahead, future research in the field of DVRs and power quality improvement may focus
on developing advanced control algorithms, optimizing DVR performance in multi-source
microgrids, and addressing integration challenges in distribution networks. By leveraging
advancements in control theory, communication technologies, and renewable energy integration,
researchers can further enhance the effectiveness and reliability of DVRs as custom power devices
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for enhancing power quality in modern power systems.In summary, the proposed system aims to
harness the capabilities of DVRs as custom power devices for improving power quality in
distribution networks. Through theoretical analyses, simulation studies, experimental validations,
and comparative assessments, the system seeks to demonstrate the effectiveness of DVRs in
mitigating voltage disturbances, harmonics, and other power quality issues, thereby contributing
to the optimization of power system performance and the enhancement of overall grid reliability
and efficiency.

METHODOLOGY

The methodology employed in studying the efficacy of Dynamic Voltage Restorers (DVRs) as
power quality custom power devices involves a multifaceted approach encompassing theoretical
analysis, simulation studies using MATLAB/Simulink, and experimental validations. This
methodology aims to comprehensively evaluate the performance characteristics, control strategies,
and effectiveness of DVRs in mitigating power quality issues such as voltage distortions,
harmonics, and voltage fluctuations in distribution networks.The theoretical analysis serves as the
foundational framework for understanding the operational principles and control mechanisms of
DVRs. It involves a detailed examination of the underlying physics and engineering principles
governing the behavior of DVRs in distribution networks. This analysis includes the study of
voltage regulation techniques, compensating voltage injection strategies, and control algorithms
employed by DVRs to mitigate voltage disturbances and ensure a constant load voltage.Simulation
studies play a pivotal role in evaluating the performance of DVR-based solutions under various
operating conditions and scenarios. Using simulation tools such as MATLAB/Simulink,
researchers can model power systems with DVR integration and simulate the dynamic behavior of
the system in response to voltage disturbances, harmonics, and other power quality issues. By
incorporating realistic system parameters, load profiles, and operating conditions, simulation
studies provide valuable insights into the effectiveness of DVRs in improving power quality.

The simulation studies involve the development of comprehensive power system models,
including generation sources, transmission lines, distribution networks, and sensitive loads. These
models incorporate the characteristics of renewable energy sources, power electronics equipment,
and other components relevant to modern power systems. By simulating different scenarios, such
as varying load conditions, fault events, and harmonic disturbances, researchers can assess the
performance of DVRs in stabilizing the voltage profile, mitigating voltage fluctuations, and
reducing total harmonic distortion (THD) in the load voltage.Experimental validations serve as a
crucial step in validating the performance and reliability of DVRs in real-world settings. By
conducting experiments in controlled laboratory environments and field installations, researchers
can assess the effectiveness of DVR-based solutions in improving power quality and protecting
sensitive equipment from voltage disturbances. Experimental validations involve the deployment
of DVRs in distribution networks and the measurement of key performance metrics such as voltage
stability, load voltage profile, and THD.
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The experimental setup includes the integration of DVRs into distribution grids, along with
appropriate monitoring and measurement equipment to capture voltage waveforms, harmonics,
and other relevant parameters. Researchers conduct experiments under different operating
conditions, load profiles, and disturbance scenarios to evaluate the robustness and effectiveness of
DVRs in mitigating power quality issues.Comparative assessments are conducted to evaluate the
performance of DVRs against other power quality improvement devices, such as static
compensators (STATCOMs) and active power filters (APFs). By comparing the effectiveness,
cost-effectiveness, and scalability of different technologies, researchers can identify the most
suitable solutions for specific applications and deployment scenarios. Comparative assessments
involve the analysis of key performance metrics, including voltage regulation, harmonic
mitigation, response time, and system reliability.

Data analysis plays a crucial role in interpreting the results obtained from theoretical analysis,
simulation studies, and experimental validations. Researchers analyze the collected data to assess
the performance of DVRs in mitigating voltage disturbances, harmonics, and voltage fluctuations.
Statistical analysis techniques, signal processing algorithms, and mathematical models are used to
quantify the impact of DVR-based solutions on power quality improvement. The methodology
outlined above provides a comprehensive framework for studying the efficacy of Dynamic Voltage
Restorers (DVRs) as power quality custom power devices in distribution networks. By combining
theoretical analysis, simulation studies, experimental validations, and comparative assessments,
researchers can gain valuable insights into the performance characteristics, control strategies, and
effectiveness of DVRs in enhancing power quality and ensuring the reliable operation of electrical
networks.

RESULTS AND DISCUSSION

The pursuit of optimal power quality has become increasingly crucial in modern power systems,
driven by the integration of renewable energy sources, advancements in smart grid systems, and
the widespread utilization of power electronics equipment. This study focuses on the Dynamic
Voltage Restorer (DVR) as a potential solution to address power quality issues, particularly
concerning voltage distortions, harmonics, and fluctuations in distribution networks.

Theoretical analysis serves as the foundation for understanding the operational principles and
control strategies of DVRs. By delving into voltage regulation techniques, compensating voltage
injection strategies, and control algorithms, researchers gain insight into how DVRs mitigate
voltage disturbances and ensure a stable load voltage. This theoretical underpinning offers a
conceptual framework for interpreting the performance of DVRs in real-world
applications.Simulation studies, conducted using MATLAB/Simulink, play a pivotal role in
assessing the effectiveness of DVR-based solutions under diverse operating conditions. These
simulations demonstrate the DVR's ability to stabilize the voltage profile, mitigate fluctuations,
and reduce total harmonic distortion (THD) in the load voltage. Through various scenarios such
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as load variations, fault events, and harmonic disturbances, researchers evaluate the robustness and
efficacy of DVRs in enhancing power quality.
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Fig 1. MATLAB/SIMULINK diagram of proposed DVR system

Experimental validations provide empirical evidence of DVR performance in real-world settings.
By conducting laboratory tests and field installations, researchers confirm the effectiveness of
DVR-based solutions in improving power quality and safeguarding sensitive equipment from
voltage disturbances. These experiments validate the DVR's capacity to stabilize voltage, mitigate
fluctuations, and maintain a constant load voltage across different operational scenarios.
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Fig 2. Controller System

Comparative assessments against alternative power quality improvement devices, such as static
compensators (STATCOMs) and active power filters (APFs), highlight the unique advantages of
DVRs. Superior performance in voltage regulation, harmonic mitigation, response time, and
system reliability positions DVRs as a favorable option for addressing power quality issues in
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distribution networks. Comparative analysis facilitates informed decision-making regarding the
selection of appropriate technologies based on performance metrics and cost-effectiveness.
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Fig 3. Waveforms for Injection of 3rd Harmonic

The discussion synthesizes the results from theoretical analysis, simulation studies, experimental
validations, and comparative assessments to provide a comprehensive understanding of DVRs as
power quality custom power devices. This section elucidates the implications of findings for DVR
design, deployment, and optimization in distribution networks. Key advantages of DVRs in
mitigating power quality issues, improving network reliability, and enhancing operational
efficiency are highlighted.
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Fig 5. Waveforms for Injection of 5th Harmonic

Challenges associated with DVR integration, including control coordination, system compatibility,
and cost considerations, are addressed. By critically analyzing the results and contextualizing them
within the broader literature, the discussion offers insights into potential applications and future
directions of DVR technology in power quality improvement. The discussion serves as a platform
for exploring strategies to overcome integration challenges and optimize DVR performance in
distribution networks.

@ Congeny nmactas mignw (©) Dty FFT st Stnctre

e iy U o
T

\AAAANA N A -
‘ :‘tm\hm,“,.‘\ ol
|\

!
VYUV VY

Froquency (Hz}
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Fig 7. Waveforms for Sag &Swell Condition

In summary, this study underscores the significance of DVRs as power quality custom power
devices in modern power systems. Through theoretical analysis, simulation studies, experimental
validations, and comparative assessments, researchers demonstrate the effectiveness of DVRs in
mitigating voltage disturbances, harmonics, and fluctuations in distribution networks. The results
and discussion provide valuable insights into the capabilities and limitations of DVR technology,
paving the way for its widespread deployment and optimization to ensure reliable and high-quality
power supply.

CONCLUSION

To improve the power quality, DVR has been recommended as the most important gadget and has
shown to be a beneficial and effective device. The control circuit and power system with a sensitive
load are modelled and constructed using the MATLAB/Simulink platform to simulate a DVR with
a power circuit. With and without the DVR, the test system's DVR is tested and compared to see
how it performs. Programmable voltage sources are used to deliver distorted voltages with initially
3rd harmonic content, then 5th harmonic insertion in the supplied voltage. To compensate for the
distortion of the load voltage, the proposed DVR-based control method was successful and
maintained a more stable and smooth voltage profile with very little harmonic content. When the
DVR injects the appropriate voltage component into the voltage supply, it is possible to remedy
any voltage supply problem and keep the load voltage normal and stable in the optimal range.
Future study in this field could benefit from the use of adaptive Neuro Fuzzy controllers for power
quality improvement, for example. To improve the reliability of the power system, Type-2 Neuro
Fuzzy controls are already included.
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