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ABSTRACT

The Superconducting Magnetic Energy Storage-Emulator/Battery Supported Dynamic Voltage Restorer (SMES-Emulator/DVR) is a transformative technology
designed to address the challenges of voltage fluctuations and disturbances in electrical grids. By integrating the benefits of superconducting magnetic energy
storage and battery technologies, this advanced system offers enhanced power quality, stability, and resilience. The SMES-Emulator/DVR leverages the unique
characteristics of superconducting materials to achieve near-zero resistance during the conduction of electricity. This attribute enables the system to store and
release energy rapidly, providing a high-performance response to voltage variations with minimal power losses. The addition of battery support further enhances
the system’s versatility and reliability by acting as a backup during periods of high demand or power supply disruptions. Through advanced control algorithms, the
SMES-Emulator/DVR detects voltage disturbances and injects precise compensating voltages, ensuring the restoration of grid voltage to the desired level. This
dynamic voltage restoration capability safeguards sensitive electrical equipment prevents downtime, and mitigates the impact of power fluctuations on various
sectors such as industries, commercial facilities, and residential areas. The integration of superconducting magnetic energy storage and battery technologies in the
SMES-Emulator/DVR represents a significant advancement in power systems technology. By combining efficient voltage restoration with grid resilience, this
innovative solution contributes to a more reliable and stable power infrastructure. The SMES-Emulator/DVR holds great potential for shaping the future of energy
management and heralds a new era of enhanced power quality and system performance. This paper deals with a thorough review of Dynamic Voltage Restorer for
Superconducting Magnetic Energy Storage.
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1. Introduction

DVR's ability to provide rapid and precise voltage restoration offers numerous benefits. It protects sensitive equipment from potential damage caused by
voltage sags and swells, prevents data loss, and avoids disruptions in industrial processes. Additionally, it enhances power quality, ensuring a stable and
reliable electricity supply for critical applications. For that purpose, we use the Superconducting Magnetic Energy Storage core principle of SMES is
based on the phenomenon of superconductivity, wherein certain materials can conduct electricity without resistance at extremely low temperatures. These
superconducting materials, when cooled to their critical temperature, allow for the creation of a powerful magnetic field that can store electrical energy.
The energy is stored in the form of a magnetic field generated by a superconducting coil, typically made of high-temperature superconducting material.
They have high energy storage density, enabling the storage of significant amounts of energy in a relatively small footprint. Additionally, SMES systems
can charge and discharge rapidly, making them suitable for applications that require quick response times, such as grid stabilization and frequency
regulation. The system can store and release large amounts of electrical energy with minimal losses. SMES systems exhibit excellent round-trip efficiency,
meaning that the energy stored can be retrieved with minimal losses.

In the realm of advanced power systems and energy management, the Superconducting Magnetic Energy Storage-Emulator/Battery Supported Dynamic
Voltage Restorer (SMES-Emulator/DVR) emerges as a groundbreaking solution. This cutting-edge technology combines the remarkable benefits of
superconducting magnetic energy storage with battery support, resulting in a dynamic voltage restorer that revolutionizes power quality and stability. The
SMES-Emulator/DVR addresses the crucial challenge of voltage fluctuations and disturbances in electrical grids. Traditionally, voltage restorers have
relied on energy storage systems or power electronic devices to compensate for voltage sags or swells. However, the integration of superconducting
magnetic energy storage and battery technologies brings forth a new level of efficiency and performance. By leveraging the unique properties of
superconducting materials, the SMES-Emulator/DVR offers near-zero resistance when conducting electricity, enabling extremely high energy storage
densities. This characteristic enhances the system's response time and capacity, allowing for rapid compensation of voltage variations with minimal power
losses. Moreover, the inclusion of battery support enhances the versatility and reliability of the SMES-Emulator/DVR. The battery component provides
an additional energy source and acts as a backup system during high-demand periods or in the event of power supply disruptions.
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This synergy between superconducting energy storage and battery technology ensures uninterrupted power delivery and enhances grid resilience. The
SMES-Emulator/DVR's dynamic voltage restoration capabilities contribute significantly to power quality enhancement. It rapidly detects voltage
disturbances and employs advanced control algorithms to inject precise compensating voltages, restoring the grid voltage to the desired level. This process
safeguards sensitive electrical equipment, prevents downtime, and minimizes the impact of power fluctuations on industrial processes, commercial
facilities, and residential areas. The Superconducting Magnetic Energy Storage-Emulator/Battery Supported Dynamic Voltage Restorer marks a
groundbreaking advancement in power systems technology. Combining the benefits of superconducting magnetic energy storage and battery support, it
ensures efficient voltage restoration, mitigates power quality issues, and strengthens the stability of electrical grids. This innovative solution heralds a
new era in energy management, paving the way for more reliable and resilient power infrastructure. Power supply quality is undoubtedly a big issue in
the modern period, becoming even more crucial with the development of complex gadgets, the performance of which is greatly dependent on the quality
of the power supply. Voltage sag, voltage swell, voltage interruption, harmonic distortion, under voltage, and overvoltage are the problems with power
quality. Alternative power sources for DVR systems include energy storage. In compensation, use batteries [2] for long-term storage or capacitors [1] for
short-term storage. As demonstrated by Nielsen and Blaabjerg [3], capacitor-supported DVR systems can perform poorly during severe and protracted
sags. An ultra-capacitor-based DVR [4] can be used to prevent short-term power sags lasting less than one minute, according to a recent study. Flywheels
have been demonstrated to be a practical short-term energy storage solution for use with voltage restorer systems by Wang and Venkataramanan [5]
through simulation and experimentation. Kim et al.'s description of a 3 MJ/750 kVA SMES-based DVR system [6] and the experimental findings
supporting the suitability of SMES for the correction of short-term voltage sags are provided. Shi et al.'s [7] system-wide calculation further demonstrates
that SMES energy storage can make up for voltage drops lasting 100 ms. Monitoring [8] or a model can be used to ascertain the precise sag depth and
endurance. As stated before [7], the SMES energy-storage need may be calculated once the load power, sag depth, and sag time are known. The next
method improves on this one [7] by analyzing the inverter inefficiencies. DVR systems can be self-sufficient by utilizing grid power to reduce disturbances

[91.

2. Dynamic Voltage Restorer Control
2.1 Fuzzy Controller

FL controller is a type of knowledge representation appropriate for concepts that are context-dependent yet cannot be explicitly defined. It deals with
hazy and ambiguous data. FL is a method of solving problems that may be applied to the development of a wide range of systems, from small, simple
embedded microcontrollers to big, networked, multi-channel PC or workstation-based data collecting and control systems. The importance of the FL
controller is that it offers a straightforward method for drawing a firm judgment from confusing, inaccurate, erratic, or deficient input data. It is a non-
linear controller that may provide sufficient stability for a system with fluctuating system parameters and operating conditions (Vidhya et al. 2017), which
eliminates the shortcomings of the PI controller. FL controller does away with intricate and time-consuming computational modeling and nonlinear
system architecture. Its stability is well known for improvement in both transient and steady-state conditions

2.2 ANFIS Controller

In order to improve the member management features of the FL controller, ANFIS is a hybrid intelligent controller that uses a neural network technique
(Samira et al. 2011). In order to train neural networks to execute an input/output mapping, ANFIS-based modeling combines the transparent language
representation of fuzzy systems with that capability. The variables can be continually modified with ANFIS so that the membership functions accurately
capture the changing nature of the data. For classification and pattern recognition issues as well as rule-driven control tasks, ANFIS networks have worked
well. It is made up of the fuzzy inference system (FIS) that Takagi and Sugeno presented to validate a methodical approach to generating fuzzy rules
from an input-output data set. When a FIS is used as a controller, there is a unique necessity that the membership function parameters be refined in a way
that ensures the plant will work at its best. The back propagation gradient descent method is used by the ANFIS structure to search for and improve
membership function variables.

3. Energy Storage Device Ultra Capacitor

A new energy storage technology called UCAP fills the space left by batteries and capacitors. It is made up of electrode materials with an enormous
surface area and thin electrolytic dielectrics, resulting in a very high capacitance value when compared to ordinary capacitors. At the electrode/electrolyte
interface, when electrical charges are stored on the electrode surfaces and ions with opposing charges are organized on the electrolyte side, it works on
the principle of double-layer capacitance.

3.1 Bidirectional Dc-Dc Converter

The converters mentioned above find extensive applications in various systems, including dc motor drives, hybrid electric vehicles (HEV),
uninterruptible power supplies (UPS), fuel cell energy systems, ultra-capacitors, and renewable energy systems. These converters, specifically the
bidirectional dc-dc converter, can operate in either buck or boost mode based on the requirements of the secondary resource. In boost mode, power flows
from the low voltage side (UCAP) to the high voltage side (VSI), while in buck mode, power is returned to the low voltage side as the UCAP gets
recharged.
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3.2 Reduced Rating Dvr (RRDvr)

The recommended oversight methodology for the construction of DVR should allow for highly thorough and effective remediation for all types of PQ
difficulties by taking into consideration constraints like the input capacitor's capacity and VSI's ability to deliver voltage. The creation of suitable reference
voltages for DVR is proposed using the SRF influence algorithm and the ANFIS controller for the construction of RRDVR. Inject the least amount of
energy possible into a DVR with a given apparent power in order to improve its efficiency in terms of power delivery, price, and size. This RRDVR is
checked for symmetrical and unsymmetrical voltage sag and swell issues (depicted in figure 1) in a three-phase distribution system. The working capacity
of the suggested RRDVR s verified during compensation by contrasting its strength of output with those of several controllers (SRF-PI, SRF-FUZZY).
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Figure 1: Phasor Diagram-Voltage Swell
3.3 SRF Control Algorithm

The SRF (synchronous reference frame) control algorithm is employed to accurately detect both symmetrical and unsymmetrical voltage sag and swell
issues and promptly inject the required voltage to rectify any faults in the terminal voltage and regulate the voltage at the load end. This algorithm
estimates the direct axis and quadrature axis voltages by utilizing the DVR's input DC voltage and the magnitude of the load voltage. When the load
voltage decreases to 10% of its reference load voltage, the DVR controller generates an error voltage to generate the PWM waveform for the voltage
source inverter (VSI). In order to maintain the overall load voltage at its pre-sag condition, the DVR is prepared to inject a certain amount of voltage. The
injected voltage by the DVR can be categorized into four different scenarios based on the phase angle of the load voltage. When the injected voltage by
the DVR is in phase with the sag voltage (represented as Vinsl), it aligns with the voltage sag. Vins2 maintains the magnitude of the load voltage but
leads the voltage sag by a small angle. Vins3 keeps the same phase as the pre-sag condition. Vins4 occurs when the injected voltage and current are in
quadrature. Consequently, the DVR injects the minimum amount of voltage when it is in phase with the sag voltage, as indicated by the aforementioned
scenarios.

3.4 MLI (Multilevel Inverter) hybrid architectures

Practitioners have currently put forth a large number of hybrid configurations, mostly derived from conventional topologies, in an effort to economically
address power quality issues and high grid code standards [10-16]. Recent mixed MLI patterns are primarily categorized as reduced components with H-
bridge design principles [17-33], are best suited for LV scenarios, and include separate blocks for polarity and level generation. Reduced components
with bipolar waveform generation capabilities and no H-bridge architectures [34—44] are primarily employed in medium voltage (MV) applications. Other
hybrid topologies use variable turn ratio transformers to create elevated levels of voltage while enhancing the LV supply from fuel cells and independent
PV arrays, although various hybrid topologies are primarily designed for high power and MV/HV applications [45-53]. MV grid-connected power
systems still frequently use classical topologies. However, in current times, novel RC topologies for MVs and applications requiring enormous power
have been developed by scientists as a result of the deteriorating penetration, compliance with power quality, and high grid code standards measures of
renewable power systems. Other advantages of these structures comprise adaptability, the ability to tolerate faults, high reliability, and decreased space
requirements. In these topologies, there is no separate H-bridge to create polarity.



International Journal of Research Publication and Reviews, Vol 4, no 8, pp 136-145 August 2023 139

4. Superconducting Magnetic Energy Storage System (SMES)
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Figure 2: Superconducting magnetic energy preservation mechanism illustrated schematically.

When the temperature of the cryogenic coils is kept below its critical temperature (SMES), the electrical energy produced by a direct current going along
it is stored in the magnetic field created by the current. In a cryogenic coil, the energy can be kept despite degrading. The internal resistance of the current-
carrying coil is zero when it is cooled below the critical temperature, which lowers the SMES's 12R losses and allows the energy to be stored rather than
dissipation for an infinite amount of time SMES has no moving parts, which reduces the reduction in value brought on by movement. The absence of a
chemical reaction makes batteries an ideal energy storage method. This contributes to a clean, green environment. Even for the transfer of MWh of
energy, SMES offers fast assistance. Figure 2 shows the Superconducting magnetic energy preservation mechanism illustrated schematically SMES is
made up of a cryostat or cryocooler, a superconducting coil, and a power conditioning system (PCS). Transformer and PCS are used to link the
superconducting coil to the grid. When there is little demand, PCS functions as an inverter when discharging a coil and as a rectifier when charging a
coil. By evaluating the grid's attributes and matching them to reference values, the controller manages the flow of power into and out of the system. It
also regulates the cryostat.

5. Review on Control Strategies of DVR

It is a power quality device utilized for mitigating voltage sags and swells in electrical power systems. The control strategies implemented by DVRs focus
on identifying voltage disturbances and producing suitable compensating voltages to reinstate the desired voltage levels. Here are several frequently
employed control strategies in DVRs:

5.1 Peak Voltage Detection Method for DVR

The peak voltage detection method in DVR involves continuously monitoring the incoming voltage waveform and identifying its peak value. This method
typically consists of the following steps:

a.  Voltage Sensing: The voltage waveform is sensed using appropriate voltage sensors or transducers, such as voltage transformers or capacitive
voltage dividers. These sensors convert the analog voltage signal into a proportional electrical signal suitable for further processing.

b.  Signal Conditioning: The sensed voltage signal undergoes signal conditioning, which may include amplification, filtering, and isolation. Signal
conditioning ensures that the voltage signal is accurately represented and prepared for peak voltage detection.

c.  Peak Detection Circuit: The conditioned voltage signal is fed into a peak detection circuit, which captures the maximum amplitude of the
voltage waveform. This circuit can employ various techniques such as peak rectification, sample-and-hold circuits, or peak detectors to extract
the peak voltage value.

d.  Voltage Threshold Comparison: The detected peak voltage is then compared with predefined threshold levels. These thresholds are typically
set based on the voltage limits specified for the connected loads. If the peak voltage exceeds the specified thresholds, the DVR system initiates
corrective actions to restore the voltage to an acceptable range.
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e.  Control and Voltage Restoration: Upon detection of a voltage sag or swell, the DVR system activates its control mechanism to inject
compensating voltage into the system. This compensating voltage is generated using energy storage devices such as capacitors or batteries.
The DVR system continuously adjusts the injected voltage to restore the waveform to its nominal value, effectively mitigating the voltage
disturbance

5.2 Discrete Fourier Transform (DFT) Method

The Discrete Fourier Transform is a mathematical algorithm used to convert a discrete-time signal, such as a voltage waveform, from the time domain to
the frequency domain. By decomposing the signal into its constituent frequencies, the DFT method allows for frequency analysis and manipulation. The
steps involved in the DFT method for DVR and capacitor-added battery systems are as follows:

a.  Signal Sampling: The incoming voltage waveform is sampled at regular intervals using an analog-to-digital converter (ADC). The ADC
captures the instantaneous voltage values of the waveform at discrete time points, creating a discrete-time signal.

b.  Windowing: Before applying the DFT, it is common practice to apply a window function to the sampled signal. The windowing technique
helps to minimize spectral leakage and improves the accuracy of the DFT analysis. Various window functions such as Hanning, Hamming, or
Blackman-Harris can be used.

c.  DFT Calculation: The windowed signal is then subjected to the DFT algorithm, which computes the complex spectrum of the signal. The DFT
breaks down the discrete-time signal into a set of discrete frequency components and their corresponding magnitudes and phases. The DFT
output represents the frequency content of the original signal.

d.  Peak Frequency Detection: To identify the dominant frequency component, the DFT output is analyzed to find the frequency bin with the
highest magnitude. This peak frequency represents the fundamental frequency or the frequency component with the most significant
contribution to the voltage waveform.

e. Control and Voltage Restoration: Once the peak frequency is determined, the DVR system can utilize this information to generate
compensating voltage at the same frequency to restore the distorted waveform. The compensating voltage can be generated using energy
storage devices like capacitors or batteries. By injecting the appropriate voltage at the peak frequency, the DVR system effectively mitigates
voltage sags and swells, restoring the voltage waveform to its desired level.

5.3 Numerical Matrix Method

The Numerical Matrix method is a computational technique used in dynamic voltage restoration (DVR) systems and capacitor-added battery applications.
By representing voltage waveforms and system parameters as matrices and performing matrix operations, it enables accurate voltage control, waveform
restoration, and energy management optimization. The Numerical Matrix method facilitates efficient voltage control strategies, ensuring voltage stability
and improving the performance of electrical systems

5.4 Missing Voltage Method

In capacitor-added battery systems, the Missing Voltage method can be applied to optimize the energy management and performance of the system. By
accurately detecting missing voltage periods and injecting compensating voltage, the method ensures continuous power delivery to sensitive loads. The
Missing Voltage method can be integrated with energy management algorithms to regulate the charging and discharging of capacitors and batteries. By
compensating for the missing voltage periods, the system ensures that the energy storage devices are utilized efficiently, preventing power interruptions
and enhancing overall system performance. The Missing Voltage method is a valuable technique employed in dynamic voltage restoration (DVR) systems
and capacitor-added battery applications. By detecting and compensating for missing voltage periods during voltage sags or swells, the method ensures
an uninterrupted power supply and enhances system performance. The Missing Voltage method, combined with effective control algorithms, enables
seamless voltage restoration and optimization of energy management in electrical systems.

5.5 Synchronously rotating frame (SFR) method

The SFR method offers several advantages in DVR systems. By transforming the voltage signals into a rotating reference frame, it becomes easier to
analyze the system behavior and detect disturbances accurately. The method provides a clear separation of positive and negative sequence components,
allowing for precise fault detection. Additionally, the SFR method facilitates control algorithms that can quickly respond to disturbances and initiate the
necessary compensating actions.

5.6 Proportional resonant (PR) method
The Proportional Resonant (PR) method is a technique used in DVR systems for advanced detection and control of voltage disturbances in power

distribution networks. It is based on the concept of resonant control, which allows the DVR system to selectively attenuate specific frequency components
associated with voltage disturbances. The PR method offers several advantages in DVR systems. By selectively amplifying or attenuating specific
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frequency components, it provides precise detection and control of voltage disturbances. The resonant control allows for effective suppression of
harmonics and other disturbances, improving the quality of the voltage waveform. Additionally, the PR method offers robust performance and adaptability
to different system conditions.

5.7 Predictive controller method

The predictive controller method is a technique used in DVR systems for advanced detection and control of voltage disturbances in power distribution
networks. It involves using predictive algorithms to anticipate and respond to voltage disturbances proactively. The predictive controller method offers
several advantages in DVR systems. By anticipating disturbances, it allows for proactive response and minimizes the impact of voltage variations on
sensitive loads. The ability to optimize control algorithms based on real-time measurements ensures efficient and accurate voltage restoration.
Additionally, the method enables improved system stability and enhanced power quality.

5.8 State feedback controller method

The state feedback control method is a technique used in DVR systems for advanced detection and control of voltage disturbances in power
distribution networks. It involves utilizing the state variables of the system to design a feedback controller that regulates the voltage and restores it to the
desired level. The state feedback controller method offers several advantages in DVR systems. By utilizing the state variables, it provides a comprehensive
understanding of the system dynamics and allows for precise control and voltage restoration. The state estimation process enhances the accuracy of the
controller by compensating for measurement errors and disturbances. Additionally, the method enables flexibility in control algorithm design and
optimization for different system conditions and objectives.

5.9 Hysteresis voltage controller method

The hysteresis voltage control method is a simple and effective technique used in DVR systems to regulate and restore the voltage to the desired level. It
involves comparing the measured voltage with predefined upper and lower thresholds and generating control signals based on the voltage deviation. The
hysteresis voltage controller method offers several advantages in DVR systems. It is a simple and robust control technique that provides a fast response
to voltage disturbances. The hysteresis band ensures that the control action is stable and minimizes unnecessary switching. Additionally, the method is
relatively easy to implement and does not require complex mathematical calculations. It is important to note that while this explanation provides a general
overview of the hysteresis voltage controller method for dynamic voltage restoration, it is always recommended to refer to credible sources, research
papers, and technical literature for in-depth understanding and further exploration of the topic.

5.10 Multi-loop controller method

The multi-loop controller method is a technique used in dynamic voltage restoration (DVR) systems to regulate and restore the voltage to the desired
level. It involves using multiple control loops, each responsible for a specific aspect of voltage control, to improve the performance and stability of the
DVR system. The multi-loop controller method offers several advantages in DVR systems. Employing multiple control loops, it allows for a
comprehensive and coordinated approach to voltage restoration. Each control loop focuses on specific aspects, ensuring efficient and targeted control
actions. The interaction and coordination among the loops enhance system stability, improve power quality, and provide robust performance

5.11 Repetitive controller in DVR

The repetitive controller is an advanced control technique used in dynamic voltage restoration (DVR) systems to mitigate and suppress repetitive
voltage disturbances, such as harmonics and inter harmonics. It is designed to accurately track and cancel out specific frequency components that are
repetitive in nature. The repetitive controller method offers several advantages in DVR systems. It provides precise and effective mitigation of repetitive
disturbances, leading to enhanced power quality. By accurately tracking and canceling out specific frequency components, it reduces harmonics and inter-
harmonics and ensures the voltage remains within acceptable limits. Additionally, the repetitive controller is adaptable and can be adjusted to handle
different types and levels of repetitive disturbances.

5.12 H infinity controller in DVR

The H-infinity (He=) controller is an advanced control technique used in dynamic voltage restoration (DVR) systems to achieve robust and optimal
voltage regulation in the presence of uncertainties and disturbances. It aims to minimize the effect of disturbances on the system while providing
guaranteed performance and stability. The H-infinity controller method offers several advantages in DVR systems. It provides a systematic and rigorous
approach to designing robust and optimal controllers that can handle uncertainties and disturbances effectively. The He> control framework ensures
stability, performance, and robustness guarantees, allowing for reliable voltage regulation and dynamic voltage restoration.
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5.13 Sliding mode controller in DVR

The sliding mode controller is an advanced control technique used in dynamic voltage restoration (DVR) systems to achieve robust and accurate
voltage regulation in the presence of uncertainties and disturbances. It is designed to drive the system states toward a desired sliding surface and maintain
them on that surface to ensure precise control. The sliding mode controller method offers several advantages in DVR systems. It provides robust and
accurate voltage regulation by actively driving the system states to the desired sliding surface and maintaining them there. The sliding mode control is
known for its ability to handle uncertainties and disturbances, making it suitable for practical applications where system parameters may vary or external
disturbances are present.

5.14 Two degree of freedom controller in DVR

The two-degree-of-freedom (2-DOF) controller is an advanced control technique used in dynamic voltage restoration (DVR) systems to achieve
both robust disturbance rejection and tracking performance. It provides separate control actions for disturbance rejection and reference tracking, allowing
for independent tuning of these control objectives. It provides a structured and flexible control approach that separates disturbance rejection and reference
tracking. This allows for independent optimization of control parameters for different control objectives. The 2-DOF controller provides enhanced
robustness to disturbances while maintaining accurate voltage tracking, leading to improved system performance.

5.15 RMS detection method

The RMS detection method is a technique used in dynamic voltage restoration (DVR) systems to measure and regulate the root mean square (RMS)
value of the voltage waveform. It is also applicable for monitoring the performance of a capacitor-added battery system.

a. RMS Voltage Measurement: The RMS detection method involves measuring the RMS value of the voltage waveform to assess its magnitude
and stability. In the case of DVR, it allows for real-time monitoring and control of the restored voltage level. For a capacitor-added battery
system, it helps in evaluating the voltage stability and overall performance of the system.

b.  Voltage Sampling: The voltage waveform is sampled at regular intervals to capture its instantaneous values. These samples are then used to
calculate the RMS value.

c.  Calculation of RMS Value: The RMS value is determined by taking the square root of the average of the squared instantaneous voltage samples
over a specific time period. This calculation provides an accurate representation of the voltage's effective magnitude.

d.  Control and Regulation: In a DVR system, the RMS detection method is used to compare the measured RMS value with the desired reference
value. Based on this comparison, control algorithms can adjust the voltage restoration process to maintain the desired RMS voltage level.

e.  Performance Monitoring: For a capacitor-added battery system, the RMS detection method helps in monitoring the stability and performance
of the battery voltage. Deviations from the desired RMS value can indicate issues such as battery degradation, improper charging, or load
imbalances.

The RMS detection method is widely used in DVR systems and capacitor-added battery systems to ensure voltage stability and reliable performance. By
accurately measuring and regulating the RMS value of the voltage waveform, it enables effective control and monitoring of the system.

6. Conclusion

The combination of Dynamic Voltage Restorers with Superconducting Magnetic Energy Storage presents a compelling solution for mitigating voltage
disturbances in power systems. The benefits of rapid response, voltage stability, and enhanced power quality make this hybrid technology suitable for
critical applications requiring an uninterrupted power supply. With ongoing research and technological advancements, the integration of DVRs and SMES
is expected to play an increasingly significant role in ensuring reliable and high-quality power delivery in the future.
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