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ABSTRACT

Power quality disturbances such as voltage sag, swell, and interruptions significantly affect sensitive loads in power
distribution systems. This paper proposes a Dynamic Voltage Restorer (DVR) capable of mitigating these
disturbances without employing conventional controllers such as P, PI, PID, fuzzy logic, or neural networks. The
proposed DVR consists of a battery energy storage system, Voltage Source Inverter (VSI), LC filter, series injection
transformer, and control circuitry for pulse generation. The three-phase supply voltages are transformed into the
Direct-Quadrature—Zero (DQO) reference frame and compared with reference values to generate error signals.
Under normal operating conditions, no compensating voltage is injected. During disturbances, the detected error
signals are processed through inverse DQO transformation to generate switching pulses for the VSI, enabling
appropriate voltage injection to restore the load voltage to its rated value. Simulation results obtained in
MATLAB/Simulink demonstrate the effectiveness of the proposed DVR in mitigating balanced and unbalanced
sags, swells, and single- and three-phase outages.
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I INTRODUCTION
Power quality disturbances in modern power systems arise from faults and switching events in both transmission and
distribution networks. At the transmission level, FACTS devices are employed to enhance stability and improve
voltage regulation, whereas at the distribution level, custom power devices are used to mitigate disturbances such as
voltage sag, swell, and interruptions. The severity of these disturbances varies depending on the type of utility and
the nature of connected loads, making it difficult to rank them based on impact. Among these issues, voltage sag and
swell are the most frequent and are typically caused by faults, motor starting, transformer energization, capacitor
switching, or sudden load changes.
According to IEEE standards, voltage sag is defined as a short-duration reduction in RMS voltage, while voltage
swell refers to a temporary increase above the nominal value. Although many faults are self-clearing within a few
milliseconds, their impact on sensitive loads can still be significant. Since power quality issues originate from both
the utility and consumer sides, effective mitigation measures must be implemented at both levels. While utilities
manage transmission-side solutions, consumers rely on custom power devices to maintain acceptable power quality
standards at their premises.
In modern industrial environments, automation systems extensively use embedded devices such as microcontrollers,
processors, and digital control systems, which are highly sensitive to voltage variations. Even minor deviations in
supply voltage can lead to system malfunction, production interruptions, and economic losses. For example, in
manufacturing industries, voltage fluctuations can disturb motor operation and affect product quality. Therefore,
maintaining stable and high-quality power supply is essential to ensure reliable operation, prevent downtime, and
avoid financial losses in precision-based industries.
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Il LITERATURE SURVEY

Power quality enhancement has gained significant attention in recent years due to the increasing use of sensitive
electronic equipment in industrial and commercial applications. Various custom power devices have been developed
to mitigate disturbances such as voltage sag, swell, harmonics, and interruptions. Among them, the Dynamic Voltage
Restorer (DVR) has emerged as an effective and economical solution for protecting critical loads at the distribution
level.

Early research on DVR mainly focused on compensation techniques using conventional control strategies such as
Proportional (P), Proportional-Integral (Pl), and Proportional-Integral- Derivative (PID) controllers. These
controllers were widely adopted due to their simple structure and ease of implementation. However, their
performance is often limited under rapidly changing disturbance conditions and unbalanced voltage scenarios. To
overcome these limitations, researchers introduced intelligent control techniques such as fuzzy logic controllers and
artificial neural networks to improve dynamic response and accuracy of compensation.

Several advanced optimization-based approaches, including Cuckoo Search Algorithm, Harris Hawks Optimization,
predictive control strategies, and adaptive neuro-fuzzy systems, have also been proposed to enhance DVR
performance. These techniques aim to improve transient response, reduce harmonic distortion, and ensure accurate
voltage restoration. Although such methods provide improved performance, they increase system complexity,
computational burden, and implementation cost.

DVR topologies can broadly be classified into two categories: direct converter-based DVRs and energy storage-
based DVRs. In direct converter-based DVR systems, the compensating voltage is derived directly from the AC
supply. While these systems can mitigate voltage sag and swell to some extent, they are unable to compensate during
complete outages due to the absence of supply voltage. On the other hand, energy storage-based DVR systems utilize
battery banks or capacitor banks to supply the required compensating energy. These systems are capable of
mitigating deep voltage sags, swells, and even complete interruptions.

Despite the availability of numerous control strategies and topologies, most reported DVR systems rely heavily on
complex controllers, optimization algorithms, or artificial intelligence techniques for compensation. In contrast, the
proposed work simplifies the control mechanism by utilizing DQO transformation theory without employing any
conventional or intelligent controller. This approach reduces computational complexity while maintaining effective
compensation capability.

111 EXISTED SYSTEM

In the existing power distribution systems, voltage sag, swell, and interruptions are mitigated using a Dynamic Voltage
Restorer (DVR) with conventional control techniques. Most of the existing DVR systems use controllers such as PI,
PID, fuzzy logic or neural network—based controllers as shown in fig(1), to generate switching pulses for the
Voltage Source Inverter
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Figure 1: Voltage Sag,Swell and interruption with controller

In this system, the three-phase supply voltage is continuously sensed and compared with a reference voltage. The
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difference between the actual voltage and reference voltage produces an error signal. This error signal is given to a
controller (PI/PID/Fuzzy/ANN), which processes the signal and generates appropriate PWM pulses. These pulses
control the VSI. The VSI converts DC power from the energy storage device (battery or capacitor) into AC
compensating voltage.

The compensating voltage is injected into the line through a series injection transformer. During voltage sag, the
DVR injects boosting voltage; during voltage swell, it injects opposing voltage to reduce the magnitude. Thus, the
load voltage is maintained at the rated value. However, the performance of the system depends highly on controller
tuning and algorithm complexity, which increases implementation cost and control complexity.

IV PROPOSED SYSTEM
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Figure 2: Voltage Sag, Swell and Interruption with out controller
The above figure(2) shows the proposed system presents a Dynamic Voltage Restorer (DVR) for mitigating voltage
sag, swell, and interruptions without using any conventional or intelligent controllers. Unlike existing DVR systems
that rely on PI, PID, fuzzy logic, neural networks, or optimization algorithms, the proposed system uses Direct—
Quadrature-Zero (DQO) transformation theory to generate switching pulses directly.
The proposed DVR is installed immediately after the distribution transformer to protect sensitive loads from supply
voltage disturbances. The system consists of a battery bank as an energy storage device, a Voltage Source Inverter
(VSI), LC filter, series injection transformer, breaker, and control circuitry. The three-phase supply voltages are
continuously measured and converted into DQO components using Clarke and Park transformations.
Under normal operating conditions, the DQO components match the reference values (Vd= 1, Vg = 0, VO = 0).
Therefore, no error signal is generated, PWM pulses are not produced, and
the VSI does not inject any compensating voltage. During voltage sag, swell, or interruption, the DQO components
deviate from their reference values, producing error signals. These error signals are converted back into three-phase
quantities using inverse DQO transformation and are used to generate PWM pulses for the VSI. The compensating
voltage produced by the VSI is injected through the series transformer to restore the load voltage to its rated value.
The proposed system is simple, robust, and cost-effective because it eliminates the need for complex controllers and
algorithms while still achieving 100% compensation of balanced and unbalanced sags, swells, and outages.
CONTROL ALGORITHM:
The supply voltage from the grid is continuously monitored by the control circuit. The proposed DVR and the
control circuits are installed immediately after the distribution transformer. The control system’s job is to
continuously monitor and identify any disruptions in the supply voltage by comparing it with the predetermined
reference value and synthesis the required PWM switching pulses for VSI in order to generate the required
compensating voltage. It is very well known that the three phase voltages can be expressed in direct quadrature
voltages using Clarks and parks transforms. It is also known that when the three phase voltages are at rated value,
their corresponding direct axis voltage and the quadrature axis voltage will have the values as 1 and zero. So, the
reference values in DQO frame are 1 for Vsd and 0 for Vsd and Vs0. Based upon these very well known facts, the
supply voltages Vsa, Vsb, and Vsc are first transformed to the Vsd,Vsq andVs0
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Figure 3: Control Circuit Block Diagram
Whenever a voltage sag swell or interruption occurs, the supply voltages are unbalanced and not at rated value. So,
neither Vsd will be equal to 1, nor VsO and Vsq will be equal to 0. So, an error voltage will be generated when
compared with the reference DQO values. This error DQO voltages are Ve0, Ved and Veq. The error voltages VeO,
Ved and Veq in DQO frame, will again convert into three phase voltages Vea, Veb and Vec using equation bellow.
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Vea, Veb and Vec error signals are compared with the carrier signals and the PWM switching pulses are generated
for the VSI. A phase locked loop circuit is used to track the phase of the supply voltages in order to generate the
compensating voltage according to the three different phases of the supply voltage. The compensating voltage

generated by the DVR is injected in the line along with the supply voltage through the series transformer in order to
maintain the load voltage at rated condition at all the time.
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Figure 4: Simulink Diagram

39 | Page



Journal of Science Engineering Technology and Management Science

Wo'o’t’o'o’t’o'o’t%'o"’o'o’"o'o'o'o'o'o
AN A ANANA

V'V VU VUV
W

8

Itage sag mitigation (a)Source Voltage in Per Unit (b) Compensating voltage generated by
e DVR in Per Uni ad voltage in Per Unit.

0

X

%

AN AAAAAAAAARAAAN

6““““““““““’

tage mitigation (a)Source Voltage in Per Unit (b) Compensating voltage generated by the
R in Per Unit (c) Load voltage in Per Unit

40 | Page



Journal of Science Engineering Technology and Management Science ISSN: 3049-0952
Volume 03, Issue 03, March 2026 WWW.jsetms.com

|

PO RS (01 0y by e

‘..,,..u.uulwl“"""‘“ e

Figure 7: Balanced voltage swell mitigation (a)Source Voltage in Per Unit (b) Compensating voltage generated by
the DVR in Per Unit (c) Load voltage in Per Unit.

To verify the proposed algorithm, the supply voltage from the grid is chosen as 23kV. This supply voltage is stepped
down using a 6.25 kVA distribution transformer of 23kV/400 V. A RL load of 5 kVA with 0.8 power factor lag is
chosen. The DVR is connected immediately after the distribution transformer. The voltage of the battery bank is 700
volts. A voltage source inverter is constructed with 61GBT switches with anti-parallel diodes. A LC filter of 2 milli
Hendry and 15 micro farad is connected at the output of the VSI. The filtered output voltage is added to the supply
voltage using a 6.25 kVA series transformer of 1:1 turns ratio. The proposed DVR is able to mitigate voltage sag,
swell, single phase outage and three phase outages successfully. The simulation results are presented below in per
unit value. As the results are expressed in per unit value, the results are self- explanatory and easy to understand the
effectiveness and reliability of the proposed DVR.

VI CONCLUSION

This work presented a Dynamic Voltage Restorer (DVR) based on a battery energy storage system for effective
mitigation of voltage sag, swell, and interruption in distribution systems. Unlike conventional DVVR topologies that
rely on PI, PID, fuzzy logic, neural network, or other optimization-based controllers, the proposed system utilizes
DQO transformation theory to generate PWM pulses without employing any controller or complex algorithm. The
three-phase supply voltages are continuously monitored and converted into DQO components, and deviations from
the reference values generate error signals that are directly used to control the Voltage Source Inverter (VSI). The
compensating voltage produced by the VSI is injected through a series transformer to maintain the load voltage at
its rated value during disturbance conditions, while no compensation is provided under normal conditions.
MATLAB/Simulink simulation results validate that the proposed DVR can successfully compensate 100% balanced
and unbalanced voltage sags, swells, single-phase outages, and three-phase outages. The proposed approach offers a
simple, robust, and cost-effective solution with reduced computational complexity, making it highly suitable for
protecting sensitive loads in modern power distribution systems.
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