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Abstract - With the ever-increasing demand for
electrical power, there is a critical need to expand and
upgrade modern power systems. Ensuring the reliability
and stability of power networks requires the delivery of
high-quality power. The growing use of power
electronics-based devices in both distribution systems
and industrial sectors has introduced significant
nonlinear loads, becoming major sources of harmonics
in the power system. Poor power quality can lead to
voltage sags and swells, harmonic distortion, equipment
failure due to excessive current, and imbalances in
voltage and frequency. Therefore, awareness and
management of power quality issues are essential. This
paper presents a comprehensive review of power quality
concerns, their associated problems, and various
corrective measures to mitigate them.
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INTRODUCTION :

In recent years, the issue of power quality has gained
significant global attention and has become an essential
aspect of power engineering. Power quality refers to a
set of electrical parameters that ensures equipment
operates as intended, without notable degradation in
performance or reduction in life span. Traditionally, the
primary concern for electricity consumers was the
reliability of supply essentially, the uninterrupted
delivery of power. However, in today’s technologically
advanced world, power quality has become equally
important. Many critical and sensitive applications now
rely on stable and clean power, including air traffic
control  systems,  semiconductor and  fabric
manufacturing facilities, hospitals (for life support

systems, operating theaters, and patient data
management), and banking security systems. Power
quality disturbances such as voltage sags, swells,
flickers, harmonics, and voltage distortions can degrade
system performance. While these issues cannot be
entirely eliminated, they can be mitigated using
technologies like power factor correction circuits,
FACTS devices, and various filtering methods. This
paper aims to review common power quality challenges
and explore potential solutions.

Power Quality Parameters and Terminology:

Power quality refers to the degree to which voltage,
current, and frequency remain within specified limits.
Deviations from these standards can lead to several
issues, such as voltage sags, swells, transients, flickers,
and harmonics, all of which contribute to poor power
quality.

1. Transients

Transients are brief, sudden disturbances in the electrical
system, typically caused by rapid changes in the steady-
state conditions of voltage and/or current. These
disturbances are generally categorized into two types:
oscillatory transients, which involve a brief, decaying
oscillation, and impulsive transients, which are
characterized by a sudden, unidirectional surge of
energy.

2. Short-Duration Voltage Variations

Short-duration voltage variations refer to brief
deviations in the supply voltage, typically lasting less
than one minute. These variations can result from faults
in the system, the switching on of large electrical loads,
or intermittent loose connections in wiring. Based on
their characteristics, short-duration voltage variations
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are classified into three main types: voltage sags,
voltage swells, and interruptions .

3. Power Frequency Variations:

For a power system to function efficiently, it must
maintain a predefined fundamental frequency—typically
around 50 or 60 Hz, depending on the region. Any
deviation from this nominal frequency is referred to as a
power frequency variation . Such variations are often
caused by sudden or significant changes in the load
connected to the system, which disrupt the balance
between power generation and consumption.

4. Long-Duration Voltage Variations:

When a voltage deviation lasts longer than one minute
and differs from the system’s nominal root mean square
(RMS) value, it is referred to as a long-duration
voltage variation. These variations are typically
grouped into  three  categories:  overvoltage,
undervoltage, and sustained interruptions .

5. Waveform Distortion;

In an ideal power system, voltage and current
waveforms should follow a perfect sine wave. Any
consistent deviation from this ideal sinusoidal shape is
known as waveform distortion. Such distortions are
classified into several types, including: DC offset,
harmonics, interharmonics, notching, and electrical
noise .

6.Voltage Fluctuations:

Voltage fluctuations refer to the random or repetitive
changes in the voltage envelope over time. These
variations are primarily caused by sudden or frequent
changes in the current drawn by electrical loads. Rapid
changes in load current can lead to noticeable and
repeated deviations in the supply voltage, often resulting
in flickering lights and reduced equipment performance.

Power Quality Problems:

1. Poor Load Power Factor:

The power factor of an electrical system is defined as
the ratio of real power (the power used to perform actual
work) to apparent power (the total power supplied to the
circuit). It is a crucial parameter in power system

performance. Real power represents the system’s
effective working capacity, while apparent power is the
product of the circuit’s voltage and current. In many
cases, especially where nonlinear loads and
semiconductor devices are used, voltage and current
waveforms become distorted. This results in the
apparent power exceeding the real power, thereby
lowering the power factor.

A low power factor means that more current is required
to deliver the same amount of usable power. This
increased current flow leads to higher energy losses,
necessitates larger conductors and equipment, and
reduces overall system efficiency.

2. Harmonics:

Harmonics are voltage or current components with
frequencies that are whole-number multiples of the
system’s fundamental frequency. These are a form of
waveform distortion, where the standard sinusoidal
shape of voltage or current is altered. Harmonics
typically originate from nonlinear loads and electronic
devices such as power semiconductors, fluorescent
lighting, adjustable speed drives, and personal
computers.

The presence of harmonics in a power system can cause
a range of adverse effects, including reduced system
efficiency, equipment malfunction, premature aging of
components, overheating and failure of machinery, and
overloading of transformers and power factor correction
capacitors [6].

3. Notching in Low Voltage Systems:

Notching refers to a type of voltage disturbance that
occurs during the commutation process, when current is
transferred from one phase to another. This results in a
small, sharp dip or disturbance in the voltage waveform,
commonly observed in low voltage systems. Notching is
considered a power quality issue because it disrupts the
waveform and can excite the natural frequencies of the
electrical system often falling within the radio frequency
range.

These high-frequency components, which include both
harmonic and non-harmonic frequencies, are more
prevalent in low voltage environments than in high
voltage systems. The presence of these high-frequency
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oscillations can lead to several issues, such as damage to

capacitor banks, creation of parallel resonance
conditions, interference in communication and logic
circuits, and increased stress or overload on

electromagnetic filters .
4 Voltage Imbalance:

Voltage imbalance, also known as voltage unbalance,
refers to the ratio of the maximum deviation of any one
phase voltage or current from the average of all three
phases, relative to that average. This condition can arise
from several sources, including unbalanced incoming
power supply lines, uneven transformer tap settings, the
use of large single-phase distribution transformers,
grounding issues in power transformers, open-delta
transformer bank connections, unequal impedance in the
phase conductors, and heavy single-phase inductive
loads such as welding equipment.

5. Supply Power Disturbances:

In an ideal scenario, power systems should deliver
perfectly sinusoidal voltage and current waveforms to

ensure  high-quality — power. However, various
disturbances—such  as interruptions,  waveform
distortion, voltage sags and swells, flickers,

overvoltages, and undervoltages—can disrupt the
quality of supply. These disturbances often lead to
power losses and negatively impact system performance.

Even brief interruptions in voltage can result in serious
consequences, including tripping of protective relays,
overheating of components, failure of power supplies,
and damage to sensitive semiconductor devices. Such
issues contribute significantly to reduced system
reliability and increased maintenance costs.

Corrective Methods:

While power quality issues cannot be completely
eliminated, they can be effectively reduced to acceptable
levels using various corrective techniques:

1. Power Factor Correction Circuits
Automatic power factor correction systems,
available for both single-phase and three-phase
applications, are designed to compensate for
reactive power drawn by loads. These systems
have specific ratings based on the reactive power

they can handle. If the reactive power demand
exceeds the compensator's capacity, the power
factor may not reach unity but will still improve
significantly. This reduction in reactive power
decreases the apparent power drawn from the AC
supply, leading to improved power quality and
enhanced system efficiency .

2. FACTS Devices
Flexible Alternating Current Transmission
Systems  (FACTS) represent a modern

advancement in power system technology. As
demands for higher reliability and better power
quality grow, the implementation of FACTS
devices continues to expand. These devices
enhance the performance of electrical power
networks by regulating voltage levels,
minimizing transmission losses, and reducing
generation costs. Overall, FACTS devices
contribute significantly to improving steady-state
power quality and operational efficiency .

Filters

Filters play a vital role in enhancing power quality by
reducing issues such as poor power factor, voltage
distortion, and current distortion. There are three
primary types of filters commonly employed in power
systems:

e Passive Filters: These are composed of
resistors (R), inductors (L), and capacitors (C)
and are designed to target specific harmonic
frequencies.

e Active Filters: Known for their high reliability,
active filters are widely used in power systems
to actively cancel out harmonics and improve
waveform quality.

e Hybrid Filters: Combining the strengths of
both passive and active filters, hybrid filters
effectively address harmonic distortion and

other waveform irregularities, offering a
comprehensive solution for power quality
enhancement.
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Conclusion:

This paper provides an overview of key power quality
concepts, common issues, and their corresponding
corrective measures. Poor power quality can lead to
significant problems in power systems, including
equipment  overheating,  overloading,  harmonic
generation, and waveform distortions.

REFERENCES

1. A. A. ANSARI, D M DESHPANDE *
INVESTIGATION OF PERFORMANCE OF 3-
PHASE ASNCHRONOUS MACHINE UNDER
VOLTAGE UNBALANCE ” Journal of Theoretical
and Applied Information Technology Vol6. Nol. (pp
021 - 026)

2. Jain Sandesh, Thakur Shivendra Singh and
Phulambrikar S.P. “Improve Power Factor and
Reduce the Harmonics Distortion of the System”
Research Journal of Engineering Sciences ISSN 2278
—9472 Vol. 1(5), 31-36, November (2012)

3. Rogar c.dugan mark f. mc granaghan surya santosa,
H. wayne beaty, “Electrical Power System Quality”,
second edition, McGraw hill publication.

4. Arindam ghosh , Gerard ledwich,,” power quality
enhancement using custom power devices”
academic publishers,2002.

5. C. sankaran, “power quality”, CRC PRESS.
Washington dc 2001.

6. Mr. Suvas Vora, Mr. Dipak Bhatt “ A Comprehensive
Review of Harmonics Effects on Electrical Power
Quality” INTERNATIONAL JOURNAL OF
ENGINEERING DEVELOPMENT AND
RESEARCH ISSN: 2321-9939

7.S. A. Temerbaev and V. P. Dovgun, “Improvement of
power quality in distributed generation systems using
hybrid power filters,” Proc. Int. Conf. Harmon. Qual.
Power, ICHQP, pp. 694-698, 2014, doi:
10.1109/ICHQP.2014.6842761..

8 Parmar PC, Kathiria MK, Sonagra KA. Operation of
DVR and D-STATCOM for load voltage control in
distribution side. International Journal for Innovative
Research in Multidisciplinary Field. 2017;3(4):159-
165. ISSN — 2455-0620

, kluwer

© 2025,IJSREM | www.ijsrem.com

9. Rogar c.dugan mark f. mc granaghan surya santosa,
H. wayne beaty,“Electrical Power System Quality”,
second edition, McGraw hill publication.

10. Abraham Olatoke “INVESTIGATIONS OF
POWER QUALITY

PROBLEMS IN MODERN BUILDINGS” January
2011.

11.Mr. Suvas Vora, Mr. Dipak Bhatt “ A
Comprehensive Review of

Harmonics Effects on Electrical Power Quality”
INTERNATIONAL

JOURNAL OF ENGINEERING DEVELOPMENT
AND

RESEARCH ISSN: 2321-9939

12. Reza Ghandehari, Abbas Shoulaie “Evaluating
Voltage Notch

Problems Arising from AC/DC Converter Operation”,
VOL. 24,

SEPTEMBER 2009 2111

13.M.P. Donsién , J.A. Glemes, J.M. Rodriguez
“POWER QUALITY BENEFITS OF UTILIZING
FACTS DEVICES IN ELECTRICAL POWER
SYSTEMS”

14. www.nptel.ac.in

15. https://www.youtube.com

| Page 4


http://www.ijsrem.com/
http://www.nptel.ac.in/

#gég’ ‘33%
IISRE . . . e . . .
tﬁ International Journal of Scientific Research in Engineering and Management (IJSREM)
W Volume: 09 Issue: 06 | June - 2025 SJIF Rating: 8.586 ISSN: 2582-3930

BIOGRAPHIES :

Name: Mr.Pankaj Janardan Shinde
Designation: Lecturer, Department of Electrical
Engineering

Institution: Mahavir Polytechnic,Nashik

Biography:

Mr. Pankaj Janardan Shinde is currently serving as
a Lecturer in the Department of Electrical
Engineering at Mahavir Polytechnic, Nashik . He
holds a B.E. in Electrical Engineering from Savitribali
Phule Pune University , with a specialization in
specialization, Power Systems.

With over 6 years of academic and research
experience, has taught various diploma-level courses,
including Electrical Machines, Power Systems,
Circuit Theory, and Power Electronics. His teaching
approach integrates strong theoretical foundations
with practical applications, preparing students for
both industry and higher studies.

His areas of interest include Power Quality,
Renewable Energy Systems, Smart Grids, and
Energy Management. He has presented/published
research papers in national and international
conferences and journals.

© 2025, IJSREM | www.ijsrem.com

Name: Mr.Mayur Ashok Gaidhani
Designation: H.O.D., Department of Electrical
Engineering

Institution: Mahavir Polytechnic,Nashik

Biography:

Mr. Mayur Ashok Gaidhani is currently serving as a
Head of Department in the Department of Electrical
Engineering at Mahavir Polytechnic, Nashik . He
holds a M.Tech. in Power System.

With over 15 years of academic & research
experience, has taught various diploma level courses,
including Elements of Electrical Engineering, Power
Systems, Electric Circuit & Network & Illumination
Engineering. His teaching approach integrates strong
theoretical foundations with practical applications,
preparing students for both industry and higher
studies.

His areas of interest include Power System,
Renewable Energy Systems, Illumination
Engineering & Energy Management. He has
published research papers in national and
international conferences and journals.

| Page 5


http://www.ijsrem.com/

