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Abstract- Harmonics in Electric Vehicle (EV) charging systems adversely affect power
quality, leading to voltage distortion, increased losses, and reduced efficiency. This paper
proposes a compact LC filter design aimed at minimizing Total Harmonic Distortion (THD)
in EV chargers. Both simulation and experimental results demonstrate that the proposed filter
effectively suppresses harmonics, thereby enhancing power quality, reducing system losses,
and improving overall charging efficiency. The design is simple, cost-effective, and can be
easily integrated into existing charging infrastructure. These findings highlight the filter’s
potential for large-scale adoption in EV charging networks to ensure reliable and sustainable
grid performance.
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1. Introduction

The rapid adoption of Electric Vehicles (EVs) has created a growing demand for reliable
charging infrastructure. However, EV chargers typically rely on rectifiers and power
converters, which generate harmonics that distort current waveforms and compromise grid
performance. These harmonics can result in conductor overheating, voltage instability, and
electromagnetic interference with sensitive equipment. Moreover, excessive Voltage Total
Harmonic Distortion (THD) reduces system efficiency and accelerates the aging of EV
batteries and power electronic components. Recognizing these challenges, regulatory
standards such as IEEE-519 mandate stringent limits on harmonic levels, underscoring the
importance of effective mitigation strategies. To address this, the present study focuses on the
design of an LC filter aimed at suppressing harmonics and enhancing overall power quality.

The proposed LC filter operates by providing a low-impedance path for harmonic currents,
thereby attenuating high-frequency distortions while allowing the fundamental component to
pass with minimal losses. Its simple structure, cost-effectiveness, and ease of implementation
make it a practical solution for EV charging systems. Furthermore, optimizing the filter
parameters is essential to balance harmonic suppression, efficiency, and system stability.
Through simulation and analysis, this study evaluates the effectiveness of the LC filter in
reducing THD and demonstrates its potential to significantly improve both grid reliability and
the operational lifespan of EV charging infrastructure.

2. Literature Survey

A comprehensive review of existing research is essential to understand the impact of EV
charging on power quality and the effectiveness of various harmonic mitigation techniques.
Md. Mostafa Faruk, et.al., [1] analyzes the impact of Electric Vehicle (EV) charging on
distribution grid performance, focusing on Total Harmonic Distortion (THD), power factor,
and overall power quality. Using simulation studies, it highlights how uncontrolled EV
charging can increase THD and reduce grid efficiency. The study further emphasizes the need
for mitigation techniques to maintain stability and reliability in future EV-integrated power
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systems. The paper [2] discusses the application of passive power filters for improving power
quality in electrical systems. It emphasizes how these filters effectively reduce harmonic
distortion, enhance voltage stability, and improve system efficiency. The study highlights
their simplicity, cost-effectiveness, and suitability for practical implementation compared to
active filtering methods. Aman and Datta (2023) [3] proposed an effective filter design for
single-phase inverters to enhance output waveform quality. Their study focused on reducing
harmonics and minimizing Total Harmonic Distortion (THD) through optimized filter
parameter selection. Simulation results validated the approach, showing improved efficiency
and overall power quality in inverter applications. Hu et al. (2023) [4] presented a
comprehensive overview of harmonic source modeling and characterization in modern power
systems. The paper analyzed different harmonic generation mechanisms, their effects on grid
stability, and various modeling approaches for accurate assessment. It further highlighted the
importance of advanced harmonic characterization techniques for improving power quality in
evolving power networks. Upanya et al. (2025)[5] investigated harmonic mitigation
techniques using both active and passive filters in power systems. Their work compared the
performance of different filter configurations in reducing Total Harmonic Distortion (THD)
and improving voltage stability. The study concluded that hybrid approaches combining
active and passive filters offer superior effectiveness in maintaining power quality. Islam et
al. (2025) [6] examined the impact of battery storage—based EV chargers on the harmonic
profile of power system networks. The study analyzed both current scenarios and projected
future trends, highlighting how EV chargers contribute to increased Total Harmonic
Distortion (THD) and potential grid instability. It also discussed mitigation strategies and
design considerations to minimize harmonics and enhance overall power quality. Wan
Bunyamin et al. (2025) [7] investigated power quality issues in electric buggy battery charger
systems, focusing on harmonic generation and voltage distortions. The study analyzed the
sources of disturbances and their impact on system efficiency and reliability. It also proposed
mitigation strategies, including filter implementation, to improve overall power quality in EV
charging applications. Patil and Ramteke (2015) presented the design and implementation of
an LC filter for DC-MLI (Multilevel Inverter) applications. The paper compared the
performance of the filter under various PWM techniques, focusing on harmonic reduction and
output waveform quality. Results demonstrated that the LC filter effectively minimized Total
Harmonic Distortion (THD) and enhanced overall inverter performance.

In summary, the reviewed studies highlight the critical impact of EV chargers and inverter
systems on power quality, particularly in terms of harmonic distortion and voltage stability.
While passive LC filters provide a simple and cost-effective solution for low-frequency
harmonics, active and hybrid filtering techniques offer superior performance for higher-order
harmonics. These insights underscore the need for optimized filter design, simulation
validation, and practical implementation to ensure efficient, reliable, and standards-compliant
EV charging infrastructure.

3. Scope of Work

The scope of this work encompasses the design, modeling, and performance evaluation of an
LC filter specifically tailored for EV charging applications. The study involves analyzing
harmonic generation in typical EV charger circuits, selecting appropriate filter parameters,
and validating the filter’s effectiveness through simulation-based case studies. The focus is on
minimizing Total Harmonic Distortion (THD), improving voltage stability, and enhancing
overall power quality while ensuring cost-effectiveness and ease of integration into existing
charging infrastructure. This work also aligns with regulatory requirements such as IEEE-
519, thereby contributing to the development of more reliable and efficient EV charging
systems. This work focuses on addressing power quality issues in Electric Vehicle (EV)
charging systems, with emphasis on reducing Voltage THD through a simple and cost-
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effective LC filter design. It also includes both simulation and hardware implementation to
validate the proposed solution.

Key points of the scope include:

Harmonic Distortion Analysis: Investigation of Voltage Total Harmonic Distortion
(VTHD) produced by rectifiers and converters in EV charging systems.

Filter Design: Formulation of an LC filter to attenuate higher-order harmonics and
ensure a smoother DC output.

Simulation Study: Modeling and evaluating the proposed system in
MATLAB/Simulink to assess harmonic mitigation performance.

Hardware Implementation: Development of a prototype EV charging circuit with real-
time THD measurement capability.

Performance Evaluation: Comparative analysis of VTHD levels with and without the
LC filter to verify compliance with IEEE harmonic standards.

4. PROPOSED SYSTEM

4.1 Block Diagram of proposed system

The figure 3.1 illustrates the block diagram of a DC power supply system, comparing the
configuration without any filter and with an LC filter for improved power quality and voltage
regulation.
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Figure 3.1 LC Filter Integration in Charging System

The 230V AC supply is stepped down to 12V AC using a step down transformer, then
converted to 12V DC through a rectifier module, and directly fed to the output. In contrast,
the setup with the LC filter includes an additional filtering stage after rectification, where the
LC filter helps smooth the DC output by reducing ripple and harmonic content. This filtered
voltage is then passed through a regulator to maintain a stable output. A THD meter and a
voltage sensor are also included to monitor the system’s power quality. This improved system
highlights the effectiveness of LC filtering in enhancing voltage stability and minimizing
harmonic distortions in power supply applications.

4.2 Filters in Electric Vehicle System
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In electric vehicle systems, especially in charging infrastructure and power converters,
harmonic distortion is a critical issue that affects power quality and system efficiency. To
mitigate these harmonics, various types of filters are employed based on the application and
level of distortion. Different type of filters to reduce harmonics in Electric Vehicle system,
including passive filters (single-tuned, double-tuned, and high-pass) and active filters (shunt,
series, and hybrid). These filters work by selectively filtering out harmonic frequencies or
actively cancelling them out.

In this work, an LC filter (Inductor-Capacitor filter) is employed, consisting of an inductor
and a capacitor arranged to smoothen the DC output from rectifiers or converters. Such filters
are effective in minimizing voltage and current ripples, making them particularly suitable for
suppressing low-frequency harmonics. They are widely adopted due to their simple structure,
reliability, and cost-effectiveness. However, their performance is limited when it comes to
mitigating higher-order harmonics, which may require more advanced filtering techniques.

4.3 Selection of LC Filter

An LC filter is selected in this work because it offers a simple, reliable, and cost-effective
solution for reducing harmonics in EV charging systems. Its ability to attenuate low-
frequency harmonics and smooth voltage and current waveforms makes it highly suitable for
improving power quality without requiring complex control circuits.

Compared to more complex solutions like active or hybrid filters, the LC filters consume
no additional power for operation, are easier to design and implement, and require lower
maintenance with minimal control circuitry, making it ideal for experimental and small-scale
implementations. It also offers sufficient performance to demonstrate the impact of filtering
on output voltage quality, making it a practical choice for validating harmonic reduction in
EV charging systems. Additionally, it serves as a foundational filter type, helping us
understand the core effects of passive filtering before exploring more advanced methods.

5. METHODOLOGY

The methodology adopted in this study begins with analyzing the harmonic distortion
introduced by rectifiers and converters in EV charging systems. Based on this analysis, an LC
filter is designed by selecting appropriate inductance and capacitance values to target low-
frequency harmonic suppression. The proposed system is modeled and simulated in
MATLAB/Simulink to evaluate its performance under different load conditions and to
measure the resulting Total Harmonic Distortion (THD). Following simulation validation, a
hardware prototype of the EV charging circuit integrated with the LC filter is developed, and
real-time THD measurements are carried out. Finally, the performance of the system with and
without the filter is compared to verify compliance with IEEE-519 standards.

Step 1: A 230V, 50Hz AC mains supply is used as the input to the system. This serves as
the standard electrical power source commonly available in residential and industrial settings.
The methodology of this work is carried out in the following steps:

Step 2: The 230V AC is stepped down to 12V AC using a step-down transformer. This
transformation ensures the voltage is reduced to a safer level suitable for low-voltage
electronic components.
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Step 3: The 12V AC output from the transformer is fed into a full-wave bridge rectifier
circuit. This rectifier converts the AC voltage into a pulsating DC signal by allowing current
to flow in only one direction.

Step 4: The rectified output is a 12V pulsating DC voltage. Though the current is
unidirectional, it still contains ripples due to the alternating nature of the input source.

Step 5: An LC filter is designed and connected at the output of the rectifier. The inductor
(L) resists sudden changes in current, and the capacitor (C) minimizes voltage variations.
Together, they function as a low-pass filter to reduce ripple and harmonics, producing a
cleaner DC output.

Step 6: A microcontroller is employed to measure the THD in the filtered DC output. It
samples the voltage waveform and performs harmonic analysis using algorithms such as Fast
Fourier Transform (FFT).

Step 7: The calculated THD value is displayed on an LCD module connected to the
microcontroller. This provides real-time feedback on the effectiveness of the LC filter in
suppressing harmonics and improving power quality.

Based on this analysis, an LC filter is designed by selecting suitable inductance and
capacitance values to suppress low-frequency harmonics. The EV charging system with the
designed filter is then modeled in MATLAB/Simulink to analyze Total Harmonic Distortion
(THD), followed by the development of a hardware prototype to validate the simulation
results. Finally, real-time THD measurements are carried out, and the performance of the
system with and without the LC filter is compared to ensure compliance with IEEE-519
standards.

6. WORK CARRIED-OUT

6.1 Software Implementation

The figure 5.1 represents circuit diagrams designed in MATLAB Simulink for a single-
phase rectifier system, showcasing configurations both with and without LC filters for an R-
load.
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Figure 5.1 Simulation of Single-Phase Rectifier Circuits With and Without LC Filters Using
MATLAB/Simulink
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The single-phase rectifier circuits, both with and without LC filters, are designed and
simulated using MATLAB/Simulink to analyze the impact of filtering on the output voltage
and current characteristics for an R-load.

6.2 Simulation Result

The following simulation results illustrate the behavior of filters in a charging system,
comparing their performance with and without the filter to highlight the impact on efficiency
and stability.

Fig 5.2.1 AC Input voltage Waveform

The figure 5.2.1 represents the simulated waveform of a 230-volt AC input voltage.

Fig 5.2.2 AC Step down voltage Waveform

The figure 5.2.2 represents the simulated waveform of a 230-12volt step down AC voltage.

Fig 5.2.3 Rectified DC Output voltage

The figure 5.2.3 represents the simulated waveform of a Rectified DC output voltage.
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Fig 5.2.4 Output voltage and current waveform without filter

The figure 5.2.4 represents the simulated waveform of output voltage and current waveform
without filter.

Fig 5.2.5 Output voltage and current waveform with LC filter

The figure 5.2.5 represents the simulated waveform of output voltage and current waveform
with LC filter.

6.3 Hardware Implementation
The figure 5.3 shows the practical setup of an LC filter circuit designed to smooth the output

of a rectified signal, integrated with an Arduino for monitoring and control, and an LCD
display for real-time output visualization.

Fig 5.3 Hardware Implementation of LC Filter Circuit with Arduino Interface and LCD Display

6.4 Hardware Result

The hardware output, with and without the filter, is shown, highlighting the THD,
ripple, and voltage levels.
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Fig 5.4.1 Output in THD Meter as observed Without filter

Figure 5.4.1 represents the output without the LC filter, where the LCD display shows a
voltage of 13.03V, aripple voltage of 41.02V, and a significantly increased THD of 41%.

Fig 5.4.2 Output in THD Meter as observed With filter

Figure 5.4.2 represents the output with the LC filter, where the LCD display shows a
voltage of 17.18V , a ripple voltage of 20.38V, and a significantly decreased THD to 14%.

The final results indicate that, without the LC filter, the system exhibits a voltage of
13.03V, a ripple voltage of 41.02V, and a THD of 41%. However, when the LC filter is
applied, the ripple voltage decreases to 20.38V, and the THD is significantly reduced to 14%,
demonstrating the effectiveness of the filter in improving performance with a net reduction of
65.85% of THD.

7. CONCLUSION

The results demonstrate that the addition of the LC filter plays a crucial role in improving
the performance of the system. Simulation results in MATLAB/Simulink, supported by
hardware validation, confirm a significant reduction in VTHD, bringing performance closer
to IEEE-519 standards. By reducing ripple voltage and THD, the filter enhances voltage
stability and overall efficiency. This shows the importance of incorporating such filters in
systems where power quality and performance are critical. The findings underline how simple
modifications can lead to significant improvements in system behavior and reliability.

The filter’s simplicity, cost-effectiveness, and reliability make it a practical solution for
improving grid stability and extending the lifespan of EV batteries and power electronic
components. Although LC filters have limitations in eliminating higher-order harmonics, the
achieved reduction highlights their suitability for medium- and low-power EV charging
applications.

8. Future Scope

The scope of this work can be extended by focusing on improvements in key performance
parameters such as power factor, voltage stability, and overall system efficiency. Further
evaluation may also include the design and testing of filters for different EV charger ratings
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to enhance scalability. In addition, future research can explore advanced solutions such as
active or hybrid filters, Al-based control strategies, and the integration of renewable energy
sources with EV chargers to achieve more efficient, intelligent, and sustainable charging
systems.
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