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Abstract: - Increased integration of short circuit faults created disturbances in the distribution system
with the number of voltage generation profiles in the system, making voltage regulation a tedious task.
However, the DVR brings an opportunity to solve these issues, as they can provide renewable local
energy and also act as voltage regulation components in the network. In this paper, an optimized DVR
and an optimally placed BESS framework are used to overcome voltage-sag and voltage-swell problems
S-OOA optimizes DVR, through ideal parameter tuning of PID controllers, this improved the steady
state response of DVR. BESS is optimally located using HGJHA by analyzing the most frequent voltage
dips. By integrating this DVR and the BESS the voltage support capabilities were increased, and power
quality and voltage stability were also increased. By implementing and evaluating the proposed model
in MATLAB/Simulink, it shows better power quality of up to 95%. which outperforms previous
approaches.
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1. Introduction

Voltage sag in electric lines causes multiple disturbances when not declared properly.
This creates a hectic in Radial Distribution Network (RDN) (Pompodakis et al., 2024). RDN
remains a general practice of electric power distribution to deliver power at the custom end.
This was mainly based on the radial feeder section in RDN and it also forms the Distributed
Sub Station (DSS) (Dudi & Sharma, 2024). Without any failures in the feeder section and
distributer substation which leads to customer interruptions. This interruption needs to be
properly declared; these interruptions were of two types namely voltage sag and swell (Rezaei
et al., 2024). The voltage sag means there will be a decrease between 0.1 and 0.9 Root Mean
Square (RMS) voltage or else the current value at power frequency will be between 0.5 cycle
up to 1 minute. Subsequently voltage swell of the network occurs when there is an increase in
RMS voltage between 1.1 to 1.8 or else the current at power frequency ranges between 0.5
cycle to 1 minute. Both these Voltage sag and swell need to be compensated for uninterrupted
services at the grid. This may occur at different stages of the network such as between supply
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and bus or between load and bus etc., Prediction and treatment of these sag/swell is a major
issue (E. Z. M. Mattar et al., 2024). (Ikram et al., 2024)

Most of the works use RDN for simple fault detection purposes, but still, there are
notable reliability issues, limited redundancy, and voltage regulation (Kiranmai & Laxmi,
2023). This needs to be rectified. For this rectification purpose, a Dynamic Voltage Restorer
(DVR) has been used, DVR is mainly introduced to protect the electrical pieces of equipment
from voltage sag/swells. By injecting voltage into the network, this DVR tries to compensate
for the drops or rises in the supply voltage(Soni & Fernandez, 2024) . The better achievement
was noted when the DVR was connected in series with load. DVR consists of components such
as Converters, Batteries, and control systems (Setty et al., 2023). The converters used in DVR
require a controller such as PI, PID, POD, and FOPID controllers. Among these PI controllers
are feasible, as they continuously measure the output voltage of the system. computes errors
and adjusts the actuator device. Tuning of this PI controller needs to be focused to improve the
performance. Likewise, one more piece of equipment is a battery energy storage system
(BESS). BESS stores energy during low demand and supplies during high demand. It consists
of anode, cathode, electrolyte, and electrochemical cells. BESS can withstand the supply until
needed. Placement of this BESS in the network is a difficult task (Klemets & Degefa,
2023).(Mohamed EI-Saeed et al., 2023)

Previously number of methods, approaches, and techniques were proposed to make
correct implications on sag/swell under various circumstances (Salimon et al., 2023). Some of
the approaches used different controllers to select proper tuning parameters and optimize the
performance but failed to focus on mitigation time and response time (Majumder et al., 2023).
On the other hand, some approaches focused on the placement of capacitors, these approaches
use machine learning approach, but are still unable to reach a satisfactory result (E.-Z. M.
Mattar et al., 2023). Further, some approaches are used to optimize the performance of DVR
by taking multiple indexes as objective and optimizing them using different optimization
algorithms namely pelican optimization, Kepler optimization, and Harris hawk optimization.
But still, they focused only on sag and also lacked stability (Tan et al., 2023)(Rawa et al., 2023).
Some techniques were introduced for the appropriate placement of BESS, but these techniques
were not suitable for real-time updates. Hence, to overcome all these issues a novel model has
been proposed in this study.

2. Objectives
e Previously there was a smaller number of solutions were given to predict both voltage
sags and placement of BESS in most required spots in the network.
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e Prioritizing the spots based on their previous voltage dips and also spots that are close
to vital loads were not considered in any of the previous works.

e Failure of any components in a DVR such as the converter can create great failure that
affects the entire system functionality, also using control algorithms for DVRs remains
complex.

e The performance of a DVR is limited by the capacity of its energy storage system.
During prolonged voltage sags or swells, the stored energy may be insufficient to
maintain voltage levels.

e Focusing on these problems a novel model has been proposed that can predict issues in
the network and solve them using optimization algorithms.

3. Methods

This paper proposes an optimized DVR and battery energy storage systems (BESSs)
framework for voltage-sag and voltage-deviation problems in distribution networks and its
architecture in Figure 1.

Radial Distribution Network

Optimally Placed Optimized DVR
BESS(HGJHA) converter(S-OOA)

Figure 1: Block diagram of the proposed model
The flow diagram of the proposed Hybrid Golden Jackal- Hippopotamus algorithm
(HGJHA) is shown in figure 2.
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Figure 2: Flow diagram of HGJHA
Proposed model is implemented with Radial Bus 14 distribution system and compared
with previous established methods. The results show that the proposed method is far better
than previous models proposed in terms of power quality, voltage stability and voltage supply
quality.

The simulation/MATLAB model of the proposed model is shown in figure 3,4 and 5.
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Figure 3: Overall proposed simulation model
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Figure 5: DVR
4. Results

Voltage profile results for compensated and uncompensated in distribution line
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Figure 6: Per unit voltage measurement during compensation

Figure 6, clearly shows that the simulation results of balanced three phase loads in radial
distribution network in the presence of DVR and BESS. The voltage waveforms were
generated when optimized DVR and Optimally placed BESS was there in the network model.
It was observed that at distributer feeder time length of up to 0.16 seconds were monitored.
The voltage profile reaching the distributer feeder end within a standard permissible voltage
range of 5% with nominal voltage value was noted. As the phase voltages were not equal this
means that there were no interruptions for end users.
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Figure 7: Per unit voltage during sag compensation
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Figure 7 depicts a situation where a voltage sag occurred in the network, exceeding the
minimum allowable standard of IEEE, leading to unsatisfactory voltage quality for the
customer end as indicated at that point. A simulation is once again performed with DVR in
place for an unbalanced 3-phase load in the secondary distribution network. The voltage
waveforms obtained were found to be in the standard allowable voltage range of 0.95 p.u to
1.05 p.u of the nominal voltage. All three phase voltages have the same magnitude and the
phase angle and frequency shifts are within legal limits.
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Figure 8: Per unit voltage during swell compensation

Figure 8 illustrates that the per unit voltage of the swell compensation ranges from 1 to 2.5
over a period of time. After compensation with the injected voltage from DVR, the load voltage
profile on all 3 phases returns to its normal 1.0 p.u value. This demonstrates that the control
scheme design for DVR is successful and productive as it fulfills its intended purpose.
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Figure 9: Response time Vs time graph

Figure 9 shows the Steady state response obtained for the Pl controller used to optimize
DVR converter in the proposed model. It was clearly visible that due to the use of S-OOA in
DVR, the steady state response of Pl was reached at a step response of 48 seconds which was
far better than original PI controller response.

5. Discussion

In this study, an optimized DVR and Optimally placed BESS has been developed and
implemented for stabilizing the polluted grid voltage and obtained a better three-phase
balanced load voltages as output. A traditional PI controller, for DC bus voltage stabilization
and compensation along with S-OOA optimization algorithm has been initially proposed. A
poor stabilization was improved but in the other hand, an alternative supply is required. For
this purpose, HGJHA with BESS has been proposed. Indexes of BESS are taken and the
minimum loss spots are selected and BESS were placed. This improved the step response of
the system and also improved the compensation stability. DVR is taking less than half cycle to
compensate using the proposed control algorithm. Moreover, this fluctuation is compared with
established algorithms. In this model LMS of the model was not focused, in future model can
be developed focused on stabilizing compensation with three objectives.
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