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Abstract: One of the most critical 

challenges facing the electricity grid is 

meeting the power quality (PQ) standard. 

Power quality issues, such as voltage dips 

and spikes, are most common in low-

voltage distribution systems and during 

transmission. One of the most common 

approaches of compensating for voltage 

sag and swell is to use a series voltage 

regulator for a distribution transformer, 

which deals with power quality concerns 

in the electrical power distribution system. 

This review paper discusses about the 

DSMPI Controller based Series Voltage 

Regulator for a Distribution Transformer 

to Compensate Voltage Sag/Swell. 

Keywords: single-phase AC; sag and swell 

conditions; PI and DSM-PI controllers; 

harmonics; THD; MATLAB Simulink 

software. 

I. INTRODUCTION 

For distributors, power quality is a critical 

concern. They're responsible for ensuring 

that consumers always have access to 

reliable power while meeting strict quality 

standards. A number of government 

agencies have a hand in this debate as 

well. Power quality is governed by 

European standards and, often, national 

norms. The voltage requirement is one 

example. It must be maintained inside the 

predicted bounds. In order to accomplish 

this goal, distribution network providers 

should use the most effective technique 

possible given the available 

technologies.[1] 

The typical distribution transformer may 

be cheap, efficient, and dependable, but it 

cannot ensure the safety of loads against 

transients such voltage drops and spikes. 

Many industrial customers in power 

distribution networks now see voltage dips 

and spikes as one of the most serious 

problems with power quality.[2] As 

electronics in industrial applications get 

more sophisticated, customers' loads are 

becoming more sensitive to voltage 

disturbances like sags and swells. 

“Voltage sags and swells can be described 

by two essential characteristics: magnitude 

and duration.” 

The Power Quality (PQ) indicates how 

closely the actual power supply matches 

the theoretical power supply. 

1. If power quality (PQ) is high, then all 

loads on the power grid function normally 

and at peak efficiency. 

2. When power quality (PQ) is low, any 

load added to the network can shorten the 

life of the equipment or negatively impact 

its performance. 
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Electric power is analysed to address PQ 

difficulties and establish the optimal 

compensating strategy in order to mitigate 

the repercussions of inadequate PQ and 

enhance the utility's performance.[4] 

A. Power Quality Problems 

The "continuity" of supply and the 

"quality" of voltage best describe the 

reliability of the electricity supplied. 

Specifically, IEEE standard 1100 defines 

power quality as 

“The idea of controlling and establishing 

the touchy supplies in a manner that is 

suitable for the operation of the gear.” 

Power quality Problems: The reliability of 

our electrical supply may be compromised 

in a number of ways. These kinds of 

disruptions are almost inevitable with the 

electricity grid's interconnected 

infrastructure. Therefore, proper care must 

be made to keep the appropriate equipment 

running in order to avoid the repercussions 

of these issues and preserve the quality of 

the power supply. A variety of power 

quality issues, along with their origins and 

effects, are discussed here. 

Interruptions 

An interruption in supply that lasts over an 

extended amount of time. In this case, the 

voltage or current supply signal may be 

negligible. This is defined as "lower than 

10% of the stated value" by the IEEE 

(IEEE Std. 1159:1995) and as "lower than 

1% of the declared value" by the IEC 

(International Electro technical 

Committee). These are divided into two 

categories according on the length of the 

disruption: 

Short Interruption:  

“If the duration for which the interruption 

occurs is of few milli seconds then it is 

called as short interruption” 

Causes: The causes of these interruptions 

are-  

• “Opening of an Automatic Re-

closure 

• Lightening stroke or Insulation 

Flash over” 

Consequences:  

• There is an impact on the database 

storage system. 

• Problems with delicate machinery 

like PLCs and ASDs are possible. 

Long Interruptions:  

An interruption is considered significant if 

it lasts for more than a few milliseconds 

but less than several seconds. 

Causes: The causes of these interruptions 

are-  

• “Faults in power system network  

• Human error  

• Improper functioning of protective 

equipment” 

Consequences: In the event of this kind of 

disruption, electricity will be fully cut off 

until the issue is repaired. 

Waveform Distortion 

Whenever possible, sinusoidal voltage and 

current signals are produced and sent over 

the electrical grid. Yet the signal loses its 

sinusoidal character and exhibits 

aberrations. Causes of distorted waveforms 

include: 
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• DC Offset: DC offset refers to the DC 

voltage that is already present in the signal. 

Whenever a DC offset is present, the 

signal deviates from its true reference level 

by a certain amount. 

• Harmonics: Integral multiples of the 

fundamental frequency are represented by 

voltage and current signals. These occur 

when non-linear loads are connected to the 

electricity grid. 

• Inter Harmonics: These are harmonics 

that occur at non-integer multiples of the 

fundamental frequency. 

• Notching: The commutation of a power 

electronic equipment causes this periodic 

disruption as current flows from one phase 

to the next. 

• Noise: Unwanted signals are to 

responsible for this. The interference of 

several networks in the transmission of 

information results in the creation of noise. 

Frequency Variations 

The frequency at which the electrical grid 

is intended to function is 50 hertz (Hz). 

The pace at which the framework's 

generators spin determines the frequency 

of the system as a whole. If there is a 

mismatch between supply and demand, the 

frequency will fluctuate as a result. When 

a generator fails or loads are switched on 

and off quickly, it causes significant 

frequency fluctuations. 

Transients 

Transients are the short-lived fluctuations 

in the voltage and current signals used by 

the electrical grid. These fluctuations are 

split into two classes: impulsive and 

oscillatory. Unidirectional impulsive 

transients’ contrast with the fast reversals 

in polarity seen in oscillatory transients. 

Causes: There are a number of different 

factors that might lead to transients in the 

electricity grid. The are- 

• “Arcing between the contacts of 

the switches  

• Sudden switching of loads  

• Poor or loose connections  

• Lightening strokes” 

Consequences:  

• Devices that rely on electronics are 

impacted and may display 

inaccurate information. 

• The temperature within the motors 

rises as they work. 

• Ballasts in fluorescent lights 

failing;  

• Decreased equipment efficiency 

and lifespan 

Voltage Sag 

When the voltage drops by 10% to 90% 

for a half cycle or longer, this is known as 

a voltage sag. Figure displays the voltage 

signal with a drop. 

 

Figure 1: Voltage sag 

Causes: The causes of voltage sag are-  

• High current consumption during 

motor starting. 

• Difficulties with the electricity grid 
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• An unexpected rise in the system's 

load 

Consequences:  

• Failure of contactors and 

switchgear  

• Malfunction of Adjustable Speed 

Drives (ASD’s) 

Voltage Swell 

A voltage swell occurs when the voltage 

increases by 10% to 80% over the typical 

value for a half cycle or longer. Fig. 

displays the voltage signal during an 

increase. 

 

Figure 2: Voltage swell 

Causes:  

• Disconnection of major load 

• Capacitor bank activation 

• Electrical electricity being cut off 

suddenly 

• Phases with no grounding undergo 

a shift in ground reference 

Causes:  

• Disconnection of major load 

• Capacitor bank activation 

• Electrical electricity being cut off 

suddenly 

• Phases with no grounding undergo 

a shift in ground reference 

Voltage Unbalance 

When voltage signals from distinct phases 

have unequal magnitudes and phase 

angles, this is known as voltage imbalance. 

Causes:  

• Existence of significant single-

phase loads 

• Defects can show up in the system 

Consequences:  

• Harmonics are present. 

• Loss of system efficiency 

• The power loss has increased 

• Equipment lifespan is shortened. 

B. Power Quality Issues in 

Distribution Grid  

Although conventional distribution 

transformers are relatively durable and 

reliable depending on their need, there is 

no guarantee that they will protect loads 

from annoyances like poor grid voltage 

regulation under load, poor performance 

under voltage disturbances 

(sag/swells/distortion), and sensitivity to 

harmonics. [30] 

Increasingly, both the power company and 

its consumers are worried about power 

quality concerns. Despite the utility 

industry's best efforts and extensive 

expenditures, supply system instabilities 

will continue to occur. Poor power quality 

occurs due to the ageing distribution grid 

infrastructure and the incompatibility of 

current load characteristics with the 

electric power supply environment. 

Substantial economic losses in several 

sectors are a direct effect of this. 
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A. Sag Detection Techniques 

A voltage sag detection method can 

identify the onset, termination, duration, 

magnitude, and phase shift of a voltage 

sag. Typical methods for identifying 

voltage drops are as follows. 

A. Peak value method: The peak, or 

amplitude, of the supply voltage may be 

monitored and compared to a standard to 

determine the health of the supply. A 

controller might be programmed to 

activate the inverter if the difference is 

larger than a certain threshold. 

B. Root Mean Square (rms) method: When 

Vrms first falls below 0.9pu, the sag is 

said to have started. You may determine 

when the sag will finish by looking for a 

period in which Vrms is consistently 

below 0.9pu for at least half a cycle. The 

beginning of this range is set as the 

recovery time. [34] 

C. Fourier Transform (FT): The FT is 

achieved by orthogonal decomposition of 

the signal from the power supply. In most 

cases, we use a collection of functions that 

is trigonometrically or exponentially 

orthogonal. The amplitude and phase of 

the supply waveform's frequency 

components may be determined by 

applying FT to each phase of the supply. 

For practical digital implementation, 

“Windowed Fast Fourier Transform 

(WFFT),” is readily adaptable to real-time 

control system environments. The only 

drawback is that, since FT uses an 

averaging technique, accurate information 

regarding the sag depth and its phase takes 

at least one full cycle to generate. 

D. Space Vector Method: The magnitude 

and direction of the three-phase voltages 

Vabc are converted to the two-dimensional 

voltage Vdq. Indicators indicating the 

occurrence of an event include any change 

in any quantity. Quantifying the disruption 

in the dq-frame that necessitated the 

transformation back to the abc frame may 

be done by comparing these values to 

reference values. This process is 

instantaneous but needs a sophisticated 

controller. 

B. Overcoming Power Disturbances 

Challenges 

A method of monitoring and analysis is 

essential for finding solutions to these 

problems and decreasing their occurrence 

rates. “Guidelines for handling such 

situations are outlined in the newly 

released IEEE 1668 standard 

Recommended Practice for Voltage Sag 

and Short Interruption Ride-Through 

Testing for End-Use Electrical Equipment 

Rated Less than 1000V.” The data may 

then be translated into an understandable 

format and shown in simple graphs using 

software like Sapphire. Using this 

programme in tandem with a power quality 

metre or power quality analyzer allows for 

a comprehensive log of voltage drops, 

spikes, and other power anomalies to be 

compiled. [35] 

Without manually setting triggers or 

thresholds, a power quality analyzer that 

records in real time will be able to record 

almost every event that occurs on your 

network. With this sophisticated analyzer, 

you can easily install it and link the event 

to a given condition to determine its root 

cause. The stability and dependability of 

your system or equipment will increase 

automatically if you define sag magnitudes 

and durations that should not result in 
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equipment failure, for example, and if you 

can determine the severity of the sag 

history on the facility. 

 

II. LITERATURE REVIEW 

(Carreno et al., 2021) [1] There is a lot of 

strain on distribution systems because of 

the wide range of possible operating 

circumstances, which puts distribution 

transformers and lines at risk and reduces 

the quality of service provided to 

customers. The quality of service may be 

impacted when fluctuating loads cause 

voltage profiles to go beyond the ranges 

specified by grid regulations. On the other 

hand, nonlinear loads like diode bridge 

rectifiers without power factor correction 

devices provide nonlinear currents that 

disrupt the distribution transformer's 

functioning and shorten its lifespan. The 

unpredictable use of household appliances 

is a major cause of variable loads at 

residential levels; nevertheless, electric car 

charging stations have lately contributed to 

this phenomenon as well. As a result, the 

distribution transformer cannot function 

reliably under such situations, 

necessitating the use of backup 

infrastructure. Hybrid transformers, which 

combine the functions of a traditional 

transformer with a power converter, are 

one promising approach to addressing a 

variety of power quality issues. For anyone 

interested in learning more about hybrid 

distribution transformers, this article 

serves as a literature overview. 

(Qureshi, 2020) [2] The quality of the 

electricity supplied to them is a major 

factor influencing the performance of 

modern technological gadgets. Power 

quality issues, such as non-sinusoidal 

voltage and frequency of current, are 

common and occur often, causing failure 

of end-use equipment. Voltage fluctuations 

during drops and spikes are the primary 

issue. Custom power devices may be 

utilised to solve these problems. These 

issues are solvable, at least to some degree. 

Ideally, power grids provide consumers 

with a steady stream of energy that 

exhibits sinusoidal voltage of narrow 

magnitude and frequency. In comparison 

to small and medium enterprise systems 

and uninterruptible power supplies, DVRs 

have a greater capacity for power. When 

compared to the DSTATCOM and other 

bespoke power devices, the DVR is more 

compact and affordable. The DVR is 

quick, adaptable, and effective. DVR has 

the additional feature of correcting for 

harmonics in addition to compensating for 

power dips and surges. When abnormal 

conditions arise in the distribution system, 

voltage sag/swell and power quality issues 

are eliminated or at least lessened thanks 

to DVR. 

(Tajne, 2020)  [3] Most distribution 

systems' primary worry is a voltage issue 

related to power quality. Thus far, the 

under-voltage (voltage sag) situation 

brought on by a short circuit or fault has 

been the primary source of the voltage 

issue. Today, power quality in the 

distribution system is the most pressing 

concern for all types of modern 

infrastructure. Under-voltage (voltage sag) 

conditions induced by short circuits or 

faults in the distribution system are often 

thought to be the root of the voltage issue. 

In this study, a series voltage regulator for 

distribution transformers is introduced to 

address the problem of voltage drop/rise 

on the secondary side of the transformer. 
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The secondary side of a transformer is 

connected to a series voltage regulator 

based on hysteresis. Gating signal 

production is handled by the hysteresis 

controller, whereas reference voltage 

generation is handled by the Phase lock 

loop. Every part of the system is created in 

MATLAB. In order to enhance power 

quality disturbances, the system is tested 

under a variety of conditions. 

(Dandoussou & Kamta, 2020) [4] The 

study's goal is to analyse clearly by 

identifying and describing each 

disturbance. The primary goals are to 

examine the causes of unexpected faults on 

wires that provide loads and to conduct a 

survey of the adverse effects resulting 

from the load, in particular typical loads 

utilised in industrial settings. The effects 

of these disruptions on a Distribution Line 

network were analyzed through 

simulation, and the findings were given. 

(KARAMAN et al., 2020) [5] With each 

passing day, the issue of poor electricity 

quality becomes more pressing. The 

primary elements affecting power quality 

are harmonic current and reactive power. 

Harmonic current and reactive power are 

used by the induction motors from the 

mains supply. Transmission line efficiency 

and heat loss are both negatively impacted 

by reactive power and harmonic current. 

These issues have been addressed using 

passive and active filter applications. 

Passive filters have a few limitations. 

Examples of these limitations are the 

system's large physical size and its 

resonance with load. Since Active Power 

Filters (APFs) may be used in conjunction 

with harmonic and reactive power 

compensation as suitable control 

approaches, their potential application 

domains are expanding quickly. Using a 

three-phase Parallel Active Power Filter, 

this research suggests simulating the 

process of power factor correction and 

reactive power compensation for a three-

phase induction motor in 

MATLAB/Simulink. The “Sine 

Multiplication Technique (SMT)” is used 

to produce the reference currents used by 

PAPF. We show simulation experiments to 

evaluate the motor's functionality in a 

variety of real-world circumstances. 

“Using a hysteresis controller-based PAPF 

filter, the reactive power of a three-phase 

induction motor may be compensated, 

bringing the power factor up to 1.” 

(Wang & Cao, 2019) [6] Power Line 

Communications (PLC) have a significant 

challenge from impedance mismatch, 

which reduces signal power transfer and 

may disrupt transmissions. Power line 

modems and power line networks have an 

inherent impedance mismatch; however, 

this may be efficiently compensated for by 

using impedance matching methods 

tailored to a particular frequency or 

frequency range. In this research, we 

explore the complexities involved in 

finding the right balance between 

competing goals in impedance-matching 

network design. We also present a helpful 

taxonomy of the many existing state-of-

the-art PLC impedance matching 

approaches and conduct a thorough 

examination of their respective histories. 

We conclude with a discussion of key 

problems (concerns) and recommendations 

for future study that warrants more 

investigation. In order to develop an 

efficient impedance matching coupler for 

PLC applications, this paper offers a 
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helpful reference for researchers and 

manufacturers to rapidly comprehend 

impedance matching concepts. 

(Hren & Mihalič, 2018) [7] Total 

Harmonic Distortion (THD) and DC link 

usage are two important factors to keep in 

mind while designing a single-phase 

inverter system (grid-connected, UPS, or 

motor drive). When the DC voltage is 

lowered, the output voltage may be 

maintained within a specific range by 

using over-modulation. Higher-order 

harmonics (especially the third), which are 

connected to the fundamental frequency, 

have a negative impact on the inverter's 

output voltage. In this study, we conduct a 

comprehensive examination of a single-

phase inverter in the over-modulation 

domain, dissecting its performance at each 

of its three possible output voltage levels. 

According to the results of a frequency 

spectrum analysis, the third harmonic 

component in the output voltage is almost 

cancelled out by the third harmonic 

component in the modulator. 

(Sur et al., 2018) [8] The Reduction of 

Transmission-System Harmonics is the 

subject of this paper. Since harmonic 

frequencies are a common source of power 

quality issues, this study focuses on 

methods for removing harmonic content 

from the system using a variety of Active 

and passive Filter configurations, each of 

which is managed by an Active Damper 

Controller. The non-linear load is the 

primary generator of harmonics since it 

uses discontinuous current and injects 

harmonics, both of which result in 

transmission losses. The simulation work 

is also carried out in MATLAB to evaluate 

the outcome without or with hybrid filter, 

demonstrating that the active damper may 

become a potential solution to stabilize the 

future power electronics-based power 

systems. 

(Naderi et al., 2018) [9] Due to the 

increasing sensitivity of loads and the 

proliferation of nonlinear loads in the 

electrical distribution network, it is 

obvious that power quality has become a 

crucial component of contemporary 

systems. The dispersed nature of harmonic 

loads makes distributed power quality 

improvement (PQI) a necessity when 

trying to manage them. Years of research 

have gone into developing various filters 

and devices to enhance power quality, but 

the nature of the distribution system has 

changed, making power electronic based 

DGs more important than ever. In this 

research, we analyse the supplementary 

services of flexible DGs and perform a 

thorough literature assessment of power 

quality enhancement devices. The 

literature on the concept of microgrids, 

testbeds, and associated control 

approaches is also reviewed. In spite of the 

fact that DGs were used in several PQI-

related contexts, these usages did not 

constitute the defining characteristics of 

multi-functional DGs. Several strategies of 

control are examined and classified based 

on their treatment in the academic 

literature. Finally, a few detailed 

comparisons are made between the various 

methods, taking into account their nature, 

capabilities, benefits, and implementation 

costs. 

(Senapati et al., 2018) [10] Power quality 

in a grid-connected PV-battery-fuel-cell 

hybrid energy system is improved in this 

research by exploring the usage of a shunt 
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active filter. To control the shunt active 

filter, we use a variation on the Sinusoidal 

Current Control Strategy. A shunt active 

power filter is included to lessen the load 

imposed by the harmonic current 

component and compensate for the 

imaginary or reactive power produced by 

the precise and careless functioning of the 

hybrid system. Using a method of 

sinusoidal current management, the source 

of the current may be recovered. To 

evaluate the performance of a sinusoidal 

current control method for a shunt active 

power filter in a passive load situation with 

a non-linear load, we use MATLAB 

R2016a. Through MATLAB simulation, 

we confirmed the power filter system's 

capacity to mitigate harmonics, and we 

validated the control strategy. Total 

harmonic distortion (THD) of voltage and 

current proves whether or not a controller 

designed for ShAPF can successfully 

provide harmonic isolation of passive 

loads. 

(Singh et al., 2018) [11] In recent years, 

shunt active power filters (SAPFs) have 

become an established cutting-edge 

technology for resolving issues associated 

with current harmonics and reactive power 

compensation. In this work, we provide a 

technical overview of several SAPF 

control techniques. Several control 

techniques, such as the construction of 

switching patterns for a voltage source 

inverter, the management of dc link 

voltage, and the formation of reference 

current in the time domain, frequency 

domain, and via soft computing, have been 

investigated. The purpose of this work is 

to offer a comprehensive introduction to 

SAPFs for use in a wide range of scientific 

and technical disciplines. 

(Tareen & Mekhielf, 2018) [12] Nonlinear 

loads, current harmonics, and power 

quality issues are all easily remedied by a 

shunt active power filter. There are 

drawbacks to using APF topologies for 

harmonic correction since they need a 

large number of components with a high 

power rating. With the use of low-power 

rating APFs and passive filters, hybrid 

topologies are used to reduce the voltage 

source inverter's power rating. Many 

passive components are packed inside the 

transformer in “hybrid APF topologies for 

high-power rated systems.” In this study, 

we suggest a new “VSI topology for a 

three-phase SAPF” with four switches and 

two legs, which may significantly cut 

down on both the system's price and its 

footprint. “A two-arm bridge structure, 

four switches, coupling inductors, and LC 

PF sets make up the suggested topology.” 

When the set of power switching devices 

is removed, the third leg of the three-phase 

VSI is also gone, and the phase is instead 

connected straight to the negative 

terminals of the dc-link capacitor. When 

compared to traditional APF topologies, 

the suggested topology improves the 

capacity of harmonic correction and 

enables full reactive power compensation. 

The new experimental prototype is 

subjected to extensive laboratory testing in 

line with the IEEE-519 standard to validate 

the results with respect to total harmonic 

distortion, balanced supply current, and 

harmonic compensation. 

(Madhu et al., 2018) [13] Total harmonic 

distortion must be kept below the 

threshold for unacceptable levels in order 

to comply with power quality standards 

(IEEE-519). The shunt active power filter 

is the primary focus of this research 
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because of its popularity in the field of 

harmonic removal. The load current has 

been continually monitored, and the active 

power filter has continuously adjusted to 

the shifting harmonics of the load. This 

study describes the operation and 

efficiency of a PI and Hysteresis current 

controller based on the instantaneous 

power theory applied to a three-phase 

shunt active power filter. 

(K.V.PRADEEP KUMAR REDDY, 2018) 

[14] One of the most critical challenges 

facing the electricity grid is meeting the 

power quality (PQ) standard. Voltage dips 

and surges in low-voltage distribution 

systems, as well as transmission-side 

issues caused by power-hungry appliances, 

are among the most common issues with 

electrical current quality. When dealing 

with power quality issues in the electrical 

grid, one of the most prevalent methods for 

mitigating voltage sag and swell is the 

installation of a series voltage regulator on 

a distribution transformer. An automated 

secondary connection power electronic 

converter is attached to a line frequency 

transformer in the proposed configuration. 

Automation of this connection is achieved 

by the use of a high- or medium-frequency 

transformer. 

(Devadasu, 2017) [15] Voltage 

fluctuations, power surges, and other types 

of poor power quality may have a negative 

impact on the efficiency of the power grid. 

Nowadays, power engineers handle 

voltage sag and swell to lessen power 

quality difficulties. Even a little shift in 

voltage may have a significant impact on 

the efficiency of the power grid and the 

performance of any associated loads. In 

this work, we show how to use FFT 

analysis to spot a voltage dip or spike. The 

study also includes the DVR-implemented 

solutions to the identified voltage sag and 

swell problems. DVR is controlled by the 

straightforward d-q theory, which 

generates the necessary reference signals 

and gate pulses for the DVR's switches. 

Through the use of 

MATLAB/SIMULINK, we were able to 

model the suggested idea and show the 

resulting findings for detection and 

prevention. It was shown how to use FFT 

analysis to detect voltage sags and swells 

throughout the power system network at 

various stages. In addition, the findings 

demonstrated that voltage sag and swell 

may be reduced using DVR. 

(Biricik et al., 2016) [16] Low ratio “shunt 

active power filters (SAPFs)” may perform 

current harmonic cancellation and provide 

unity power factors in the presence of 

undistorted and balanced grid voltages. 

When source voltages are erratic and 

imbalanced, however, this is impossible. 

This research presents the “hybrid active 

power filter (HAPF)” topology, which is 

an efficient and low-cost method of 

meeting the needs of industries in terms of 

harmonic current suppression and non-

active power compensation. The 

integration of power capacitors and LC 

filters with the shunt active power filter 

(APF) is studied using an efficient method. 

Using instantaneous reactive power theory 

and a self-tuning filter algorithm, a novel 

approach is given for mitigating the 

detrimental consequences of a less-than-

ideal grid voltage. An FPGA architecture 

was created with the help of the OPAL-RT 

system to allow for real-time control of the 

investigated system. The tested and shown 
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performance result of the proposed HAPF 

system. 

(Ali et al., 2016) [17] Power electronic 

converters and the power electronic loads 

they connect to the distributed power 

plants are a source of harmonics and 

reactive power, which degrade the 

operation of the power system network. 

Activated filters, sometimes called active 

power line conditioners, are a novel kind 

of switching compensator that were 

developed to address the shortcomings of 

passive LC filters. These active filters can 

wipe out interference from a wide variety 

of harmonic orders, can withstand 

resonance between the filter and the 

network's impedance, and can be built to a 

small size. The focus of this research is on 

developing a shunt active filter with a 

controller based on many theories to 

compensate for harmonics and reactive 

power in unbalanced and distorted 

systems. 

(Meenakshi et al., 2015) [18] Using a 

constant frequency variable speed wind 

turbine, this research implements the 

SVPWM switching mechanism. For a 

“doubly-fed induction generator,” 

MATLAB/Simulink is used for modelling 

and simulation. We have measured the 

overall harmonic distortion of this wind 

electric generator at several settings of 

stator current, rotor speed, and electro-

magnetic torque. When compared to other 

pulse width modulation methods, this one 

reduces distortion to a greater extent. 

(Sandeep, 2014) [19] The increasing 

complexity of modern life has resulted in a 

corresponding rise in the need for 

electricity. Many common household 

appliances can't function without constant 

access to reliable electricity. There is a 

direct correlation between the power 

quality and the performance of the user's 

equipment. However, several internal and 

external variables influence the final 

product in terms of power quality. They 

include things like voltage and frequency 

fluctuations, malfunctions, outages, and so 

forth. Both the lifespan and performance 

of the apparatus are shortened by the poor 

power quality. As a result, these issues 

need to be addressed in order to improve 

the system's overall performance and the 

functionality of the consumer devices it 

supports. The existence of harmonics is the 

primary effect of these issues. Damage to 

the machinery occurs as a result of 

overheating, insulation breakdown, 

induction motors running too fast, etc. 

Filtering out these harmonics is the key to 

solving these issues. Numerous filter 

topologies exist in the literature for this 

function. 

(Kumar et al., 2014) [20] With the advent 

of more complex gadgets, whose 

efficiency is highly dependent on the 

reliability of their power source, power 

quality has become an increasingly 

pressing issue in the modern day. Many 

electronic equipment, such programmable 

logic controllers and variable speed drives, 

lie at the heart of today's manufacturing 

processes. Due to the increased sensitivity 

of electronic equipment, industrial loads 

have reduced tolerance for power quality 

issues such voltage dips, voltage spikes, 

and harmonics. 

(Kaur & Gupta, 2014) [21] This study 

discusses using dynamic voltage restorers 

(DVR) in power distribution systems to 

prevent voltage drops or spikes at vital 
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loads. DVR is an example of a specialized 

power gadget that may be used to offset 

other forms of losses. The controls for 

DVR were modelled and simulated in 

MATLAB, demonstrating the adaptability 

and simplicity of the MATLAB platform 

for research into and comprehension of 

such compensatory mechanisms. The 

performances of DVR in maintaining load 

voltages during voltage sags/swells are 

shown and explained through simulation 

results. 

(Islam et al., 2013) [22] The inverter is the 

single most critical piece of equipment for 

effectively harnessing renewable energy. 

The simulation results for each Op-Amp 

circuit are shown in sequence. Standalone 

loads and high voltage sensitive 

loads/systems, such as micro-grid systems 

and big industrial machines, are emulated 

using this analog circuit (Op-Amp) 

controlled voltage source inverter with and 

without transformer. Both the original 

simulation results and the results after 

applying a passive filter to reduce 

harmonics are shown. In addition, two 

popular inverter-based micro grid system 

architectures are shown in the paper: one 

with a shared DC bus and the other with an 

AC bus. 

(Sandhya, 2013) [23] A power quality 

(PQ) issue is defined by voltage and/or 

current variations from the ideal sine 

wave. Voltage dips and spikes, as well as 

harmonic currents, are common causes of 

P-Q imbalances. There has been a rise in 

interest in Custom Power (CP) 

technologies that improve power quality in 

recent decades. One kind of CP gadgets, 

known as a “Unified Power Quality 

Conditioner (UPQC),” may fix both load 

current and supply voltage issues at once. 

 

III. TRANSFORMERS 

Basics of Transformers 

A transformer is an electrical tool used to 

transfer energy by electromagnetic 

induction from one circuit to another. 

There is no frequency shift during the 

power transmission because of the 

attendant. The state power transformer is 

used to symbolize transformers with an 

output power of 500 kilovolt amperes 

(KVA) or more in an electrical network 

and to show numerous AC supplies from 

the public electricity supply at varying 

voltages and ampere ratings. 

This kind of transformer is used in 

distribution systems to convert between 

lower and higher voltages. Normal power 

transformers are fluid immersed devices 

with a 30-year lifespan. Based on their 

output voltage and current ratings, power 

transformers fall into one of three 

categories. There are three different sizes 

of power transformers: big, medium, and 

small. 

• “The range of large power 

transformers can be from 100MVA 

and beyond 

• The range of medium power 

transformers can be from -

100MVA 

• The range of low power 

transformers can be from 500-

7500kVA” 

These transformers are used for the 

transmission of electricity. The high-

current, low-voltage circuit is maintained 
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on one side of the transformer, while the 

low-voltage, high-current circuit is 

maintained on the other side. In order to 

generate electricity, a power transformer 

uses Faraday's induction law. It breaks out 

the electrical grid into zones, detailing how 

each component of the system was built to 

function at the rates determined by the 

power transformer.[25] 

Types of transformers 

Step up Transformer & Step-down 

Transformer - They are used in the 

transmission and distribution of electrical 

power to increase or decrease the voltage 

of the current. 

Three Phase Transformer & Single-Phase 

Transformer - The former is often 

preferred in a three-phase power system 

because to its lower overall cost. However, 

a bank of three single-phase transformers 

is preferred than a single three-phase 

transformer when space is at a premium. 

Electrical Power Transformer, Distribution 

Transformer – Power transformers are 

used to transmit electricity from one high-

voltage system to another, such as from a 

power plant to the transmission and 

distribution networks. Their application in 

the transmission network extends to 

voltage boosting and lowering. It is most 

effective while running at or near full load, 

which is when it is used most often. In 

order to distribute electricity to homes and 

businesses, a distribution transformer 

reduces the voltage. It has excellent 

voltage control and can run at optimum 

efficiency for 24 hours a day, 50% of the 

time. 

Indoor Transformer & Outdoor 

Transformer - Indoor transformers are 

those whose primary function is to be 

installed inside a building, whereas 

outdoor transformers are those whose 

primary function is to be installed outside. 

Oil Cooled & Dry Type Transformer - 

Transformer oil is used as the cooling 

medium in oil-cooled transformers, 

whereas air is used in dry-type 

transformers. 

Phase-Shifting Transformer- An important 

component of any sophisticated power 

transmission network is the phase-shifting 

transformer, which allows for fine-grained 

regulation of power distribution along 

individual circuits. Phase-shifting 

transformers' uses: 

a) To regulate the transfer of energy 

between two huge, separate power grids; 

b) To regulate the amount of usable active 

power in a transmission line by altering the 

effective phase displacement between the 

input voltage and the output voltage. 

Distribution Transformers 

The concept of a distribution transformer, 

a common kind of isolation transformer, is 

also presented. This transformer's primary 

use is in transforming very high voltage 

into more manageable levels, such as 240 

or 120 volts, for use in power grids. 

Single-phase and three-phase transformers, 

pad-mounted transformers, underground 

transformers, and distribution transformers 

installed on poles are only some of the 

options in the distribution system.[27] 

Service transformer is another name for a 

distribution equipment. The last voltage 

transformer in the electricity grid, it 
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reduces the output used in the distribution 

lines to the users' rating. 

Therefore, a constant supply of high-

quality power is essential for a smart grid. 

The distribution transformer, seen in 

Figure, is an important component of the 

system for delivering clean power to the 

final user, whether it a business, factory, or 

home. 

 

Figure 3: Concept of Functionality of 

Distribution Transformers in Electric Grid 

Distribution transformers may be found in 

a wide range of sizes and efficiencies to 

accommodate a wide variety of 

applications and end-user budgets. There 

are a number of different transformer types 

used in the distribution system, all of 

which include secondary terminals that 

provide electricity to the end user at a 

usage voltage level. One common kind of 

distribution transformer used in the USA 

to power single-phase appliances is the 

single-phase distribution transformer. 

There must be a single kind of pole-

mounted transformer for the single-phase 

residential load. There was a total of three 

secondary terminals on this pole-mounted 

distribution transformer design. There are 

three total terminals: two for the phases 

and one for ground. Voltage is 240 volts 

between phases when using two-wire 

systems, and 120 volts between phases and 

ground. Therefore, depending on their 

needs, consumers may get either 240 volts 

or 120 volts. 

Some important properties of a distribution 

transformer are stated as: 

• Minimal in size 

• Used as a step-down transformer with 

input voltages as low as 33 kilovolts (kV). 

• Consistently handles between 60% and 

70% of its rated capacity throughout the 

day  

• Requires only 3-5 volts and a standard 

wall outlet to charge 

It is the kind of distribution transformer 

being used that determines how this 

instrument is wired. Single-phase 

transformers may have either one or two 

bushings, and are often configured in a 

wye. Only in the right configuration can 

these major sections be used with three-

wire or four-wire wye connections.[28] 

Additionally, these transformers may be 

connected to the overhead wires in two 

different ways, namely: 

Wye: To do this, a transformer that 

converts phases to ground is used. The 

intersection between the two stages may be 

found at the top of the structure. Another 

part of the winding is grounded by its 

connection to the neutral line. Due to the 

possibility of ground-directed currents in 

the neutral section, a wye design is used 

when unstable powers must be connected. 

Unstable powers cause voltage changes on 

the three-phase wires when in the delta 

connection. 
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Delta: In this case, a transformer of the 

phase-to-phase kind is used. It features a 

two-phase connection between its two 

bushings. Another part of the winding is 

grounded by its connection to the neutral 

line. This setup has one major drawback: if 

one of the main phases goes into a de-

energy condition, the other phase will 

cause current to flow in the other way, 

which might be dangerous for the workers 

and staff. 

Some applications of the distribution 

transformer are as the following:[29] 

This transformer is used in commercial 

and residential settings, and its output 

voltage ranges from high to low. 

The major function of this is to provide 

isolation between two windings (primary 

and secondary) by reducing the input 

power. 

Power plants generate electricity, and this 

transformer sends it to far-flung areas. 

Electricity is often sent via a distribution 

transformer to businesses with use below 

33KV and homes with usage between 

440V and 220V. 

IV. PROPOSED METHODOLOGY 

Power quality problems, such as voltage 

sag and swell, primarily impact the 

distribution system. Voltage drops happen 

because of things like short circuits, 

lightning strikes, faults, and inrush 

currents. Voltage surges may be caused by 

a number of factors, including the starting 

and stopping of large loads, inadequately 

sized power supplies, poorly controlled 

transformers, and a single line to ground 

fault on the system. “Generation, 

transmission, and distribution are the three 

main components of the electric power 

system.” Existing LFT is connected to an 

auto-connected PEs module on the 

secondary side to smooth out voltage dips 

and spikes; this is the suggested solution. 

As a result of this autoconnection, a 

compensator with a shunt input and series 

output may be constructed, with no 

capacitive energy storage required. Thus, 

the suggested system is distinct from the 

typical series compensator, such as a DVR, 

in both its structure and its operation. 

To control the device such that desired 

performance is obtained and to decrease 

the THD by mitigating the problem of 

distorted voltage due to sags, swell or 

harmonics, a comparative analysis is 

carried out with PI and DSM-PI 

controllers for the generation of output 

voltage. 

V. CONCLUSION 

There is a growing problem in the 

industrial sector and among consumers due 

to the increased demand for reliable 

power. Among them, voltage imbalance is 

regarded as the most significant factor that 

reduces the efficiency of electrical devices. 

This research proposes a series voltage 

regulator and control system for use in a 

distribution transformer to smooth out 

voltage dips and spikes. The suggested 

method may be readily included into 

ordinary distribution transformers to 

provide sag or swell correction to an 

existing distribution grid. 

As a result, the suggested system 

represents a potential retrofit for current 

distribution transformers to enhance power 

quality in the future grid, particularly in 

light of the growth of renewable and 

distributed energy sources. The power 
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quality may be improved and renewable 

energy sources can be expanded in the 

future by integrating the suggested scheme 

with the current distribution grid system. 
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