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Abstract:  

The rapid growth of electric vehicles (EVs) necessitates efficient and reliable charging solutions. This 

study introduces an innovative LLC resonant DC-DC converter designed specifically for high-efficiency 

EV charging applications. Utilizing frequency modulation (FM) control strategy, the converter achieves 

superior performance in both steady-state and transient conditions across a wide range of input and output 

scenarios. Comparative analysis with conventional hard-switching DC-DC converters reveals the LLC 

resonant converter's advantages, including higher efficiency, reduced power dissipation, and improved 

electromagnetic interference (EMI) performance. Designed for domestic wall charging of electric 

motorcycles, this converter promises to enhance charging efficiency and reliability, contributing to the 

sustainable growth of the EV industry. 

 

I. INTRODUCTION 

The world is witnessing a significant shift towards electric vehicles (EVs) as a sustainable alternative to 

traditional internal combustion engine vehicles. This transition is driven by the urgent need to reduce 

carbon emissions and combat climate change. As EV adoption grows, the demand for efficient and reliable 

charging solutions becomes increasingly critical. 

This project focuses on the design and development of an LLC resonant DC-DC converter tailored for 

high-efficiency EV charging. The LLC resonant converter stands out due to its ability to operate with 

minimal power loss and superior electromagnetic interference (EMI) performance. By employing a 

frequency modulation  (FM) control strategy, this converter ensures optimal performance under varying 

input and output conditions, making it ideal for domestic wall charging applications, particularly for 

electric motorcycles. 

Through comprehensive analysis and comparison with conventional hard-switching DC-DC converters, 

this study highlights the advantages of the LLC resonant converter, including higher efficiency, lower 

power dissipation, and better EMI characteristics. The goal is to provide a reliable and cost-effective 

charging solution that supports the growing EV industry and contributes to a cleaner, greener future. 

 

II. LITERATURE SURVEY 

The evolution of electric vehicles (EVs) has sparked significant interest in developing efficient and reliable 

charging systems. Among various power conversion technologies, resonant converters have emerged as 

promising candidates due to their high efficiency and reduced electromagnetic interference (EMI). This 
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literature survey explores the advancements in resonant converter technology, focusing on the LLC 

resonant converter and its application in EV charging. 

 

Early Developments in Resonant Converters 

Resonant converters have been studied extensively since the late 20th century. Initial research focused on 

series resonant converters, which were known for their high-frequency operation and efficiency. However, 

these converters faced challenges such as wide frequency range operation and poor light load regulation. 

To address these issues, parallel resonant converters were introduced, offering better frequency control 

and buck-boost operation. Despite these improvements, parallel resonant converters suffered from 

significant circulating energy, making them unsuitable for many applications. 

 

Advancements in Series-ParallelResonant Converters 

To combine the benefits of series and parallel resonant converters, researchers developed series-parallel 

resonant converters. These converters utilized novel control strategies such as phase shift modulation, self-

sustained oscillation, and frequency modulation. Among these, the LLC topology, a type of series-parallel 

converter, gained attention for its versatility and efficiency. The LLC resonant converter operates with two 

inductors and one capacitor in the primary tank circuit, achieving near-sinusoidal current at resonant 

frequency. 

 

Control Strategies for LLC Resonant Converters 

Frequency modulation (FM) has been identified as an effective control strategy for LLC resonant 

converters. FM allows for precise control of the converter's output voltage by varying the switching 

frequency. This method ensures zero voltage switching (ZVS) of the primary side switches and zero 

current switching (ZCS) of the secondary side diodes, minimizing power losses and enhancing efficiency. 

Studies have shown that FM-controlled LLC resonant converters outperform conventional hard-switching 

converters in terms of efficiency and EMI performance. 

 

Comparative Analysis with Conventional Converters 

Comparative studies between LLC resonant converters and conventional hard-switching DC-DC 

converters highlight the advantages of resonant technology. LLC resonant converters exhibit higher 

efficiency, lower power dissipation, and better EMI characteristics. For instance, research conducted by 

Lokesha M H and S. G. Srivani (2014) demonstrated the superior performance of LLC resonant converters 

in various load conditions. Similarly, Bhuvaneswari C. and R. S. R. Babu (2016) reviewed the design and 

development of LLC resonant converters, emphasizing their efficiency and reliability. 

 

Applications in EV Charging 

The rise of EVs has driven the need for efficient charging systems. LLC resonant converters are 

particularly suitable for EV charging due to their high efficiency and ability to handle varying input and 

output conditions. Studies by G. S. Nelson and A. Susmitha (2016) and M. I. Shahzad et al. (2014) have 

explored the application of LLC resonant converters in battery charging, highlighting their benefits in 

terms of efficiency and EMI performance. The design of LLC resonant converters for domestic wall 

charging of electric motorcycles further underscores their potential in supporting the growing EV industry. 
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1. Technologies Used 

The design and development of the LLC resonant converter for high-efficiency EV charging leverage 

several advanced technologies to achieve optimal performance and reliability. These technologies are 

integral to the converter's ability to efficiently manage power conversion and ensure effective charging of 

electric vehicles. Below are the key technologies utilized in this project: 

Frequency Modulation (FM) Control Strategy: Frequency modulation (FM) is a pivotal control 

strategy employed in the LLC resonant converter. By varying the switching frequency, FM allows precise 

control over the converter's output voltage. This method ensures zero voltage switching (ZVS) of the 

primary side switches and zero current switching (ZCS) of the secondary side diodes, significantly 

reducing power losses and enhancing overall efficiency. FM is crucial for maintaining stable operation 

under diverse input and output conditions. 

Zero Voltage Switching (ZVS) and Zero Current Switching (ZCS): ZVS and ZCS are advanced 

switching techniques that minimize power dissipation during the switching process. ZVS ensures that the 

primary side switches transition at zero voltage, reducing switching losses and electromagnetic 

interference (EMI). 

Resonant Tank Circuit: The resonant tank circuit, comprising two inductors and one capacitor, is central 

to the LLC resonant converter's operation. This circuit facilitates near-sinusoidal current flow at the 

resonant frequency, optimizing power conversion efficiency. The resonant tank's design ensures minimal 

circulating energy and effective filtering, contributing to the converter's superior performance. 

Full Bridge Switching Circuit: The full bridge switching circuit is responsible for generating the square 

wave voltage that excites the resonant tank circuit. This circuit uses MOSFETs to switch the input voltage 

at a constant duty cycle, creating the necessary conditions for resonant operation. The full bridge 

configuration is essential for achieving the desired voltage transformation and regulation. 

Pulse Width Modulation (PWM): Pulse width modulation (PWM) is used in conjunction with FM to 

control the converter's output voltage. PWM adjusts the width of the pulses in the switching signal, 

allowing fine-tuned control over the power delivered to the load. This technique complements FM by 

providing additional control over the converter's operation, ensuring stable and efficient performance. 

Electromagnetic Interference (EMI) Filtering: Effective EMI filtering is crucial for minimizing the 

impact of high-frequency switching on surrounding electronic devices. The LLC resonant converter 

incorporates advanced EMI filtering techniques to reduce harmonic content and prevent unwanted 

electromagnetic signals. This ensures compliance with regulatory standards and enhances the reliability 

of the charging system. 

Simulation Tools: PSIM and MATLAB SIMULINK: Simulation tools such as PSIM and MATLAB 

SIMULINK play a vital role in the design and analysis of the LLC resonant converter. PSIM is used for 

circuit simulation, allowing detailed modeling of the converter's electrical components and their 

interactions. MATLAB SIMULINK is employed for control loop simulation, enabling precise tuning of 

the PI controllers and verification of the converter's performance under various conditions. 

PI Controllers: Proportional-Integral (PI) controllers are used to regulate the converter's output voltage 

and current. The outer PI loop controls the output voltage, while the inner loop manages the current. These 

controllers are tuned to achieve fast and accurate response to changes in input voltage, load, and reference 

voltage, ensuring stable and efficient operation of the converter. 
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2. Methodology 

To achieve the above stated objectives the following methodologies are to be used:-    

System Design and Specification: The first step in the methodology was to establish the design 

specifications for the LLC resonant converter. These specifications included the input voltage range, 

output voltage, output power, and resonant frequency. The target was to design a converter capable of 

delivering 60V DC at 600W for an electric two-wheeler, with an input voltage range of 240V to 340V. 

Selection of Resonant Components: Based on the design specifications, the resonant tank components 

were selected. The tank circuit consists of two inductors and one capacitor, which were chosen to achieve 

the desired resonant frequency of 100kHz. The values of the resonant inductance (Lr), magnetizing 

inductance (Lm), and resonant capacitance (Cr) were calculated to ensure optimal performance under 

various load conditions. 

Frequency Modulation Control Strategy: The frequency modulation (FM) control strategy was 

implemented to regulate the output voltage of the converter. FM allows for precise control by varying the 

switching frequency, ensuring zero voltage switching (ZVS) and zero current switching (ZCS). This 

control strategy was chosen for its ability to minimize power losses and enhance efficiency. 

PI Controller Design: Proportional-Integral (PI) controllers were designed to regulate the converter's 

output voltage and current. The outer PI loop controlled the output voltage, while the inner loop managed 

the current. The controllers were tuned manually using trial and error methods to achieve fast and accurate 

response to changes in input voltage, load, and reference voltage. 

Comparative Performance Analysis: A comparative performance analysis was conducted between the 

LLC resonant converter and a conventional full bridge DC-DC converter. The efficiency, transient 

response, and EMI characteristics of both converters were compared. The LLC resonant converter 

demonstrated higher efficiency, lower power dissipation, and better EMI performance across all input 

voltages and output loads. 

Electromagnetic Interference (EMI) Analysis: EMI analysis was performed to estimate the harmonic 

content in the primary transformer current waveform. FFT analysis was used to determine the frequency 

spread of harmonics, highlighting the lower EMI generation in the LLC resonant converter compared to 

the full bridge DC-DC converter. 

 

3. Advantages 

• Higher Efficiency: Achieves high efficiency through frequency modulation (FM) control, enabling 

zero voltage switching (ZVS) and zero current switching (ZCS), minimizing power losses and reducing 

energy waste. 

• Reduced EMI: Minimizes electromagnetic interference (EMI) with near-sinusoidal current flow and 

effective filtering, improving system reliability and compliance with standards. 

• Enhanced Reliability: Operates stably under various conditions with precise voltage regulation, 

accommodating fluctuations and ensuring consistent performance. 

• Faster Response Time: PI controllers enable quick and accurate responses to changes, ensuring stable 

operation and efficient handling of disturbances. 

• Scalability: Can be scaled to different power levels and voltage ratings, making it versatile for various 

types of electric vehicles and meeting market demands. 

• Contribution to Sustainability: Reduces overall energy consumption associated with EV charging, 

lowering the carbon footprint and supporting global efforts to combat climate change. 
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4. BILL OF MATERIALS 

 

5.BLOCKDIAGRAM   

 

 

 

The transformerless hybrid active filter system 

 

Operation 

1. Input Voltage: The DC input voltage (from a battery or solar panels) is fed to the full bridge switching 

circuit. 

2. Switching Frequency: The bridge switches operate at a constant duty cycle but varying switching 

frequency depending on line and load conditions. 

3. Resonant Tank Circuit: The voltage from the bridge is fed to the resonant tank circuit, creating a near 

sinusoidal current due to operation near the resonant frequency. 

4. Transformer: The sinusoidal voltage is stepped down by the transformer. 

5. Rectification and Filtering: The stepped-down voltage is rectified and filtered to provide a stable DC 

output. 

 

Modes of Operation 

1. Switching Frequency Equal to Resonant Frequency (fs = fr): Voltage gain is unity, and power is 

delivered throughout the switching half cycle. 

2. Switching Frequency Greater than Resonant Frequency (fs > fr): Used for buck operation when 

input voltage is higher than rated. Results in increased MOSFET turn-off losses. 

3. Switching Frequency Less than Resonant Frequency (fs < fr): Used for boost operation when 

input voltage is lower. Results in increased conduction losses due to circulating energy. 

Component Qty Function 

LLC Resonant Converter 1 High-efficiency power conversion 

MOSFET Modules 4 Power switching 

DC Capacitors 2 Voltage smoothing 

Resonant Inductors 2 Resonant tank circuit 

Resonant Capacitor 1 Resonant tank circuit 

Transformer 1 Voltage transformation 

Rectifier Diodes 4 Rectification 

LC Filter Various Output voltage filtering 

DSP Controller 1 Real-time control 

PI Controllers 2 Voltage and current regulation 

Sensors 3 Monitoring & feedback 

Cooling System Various Thermal management 
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6.CONCLUSION 

The project successfully designed and analyzed an LLC resonant converter for high-efficiency EV 

charging. The outcomes highlight the converter's superior efficiency, transient performance, and reduced 

EMI, making it an ideal solution for modern electric vehicle charging applications. This project contributes 

to the advancement of sustainable energy technologies and supports the growing EV industry. 
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