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Abstract—Electric vehicles (EVs) play a key role in
reducing environmental pollution and fuel dependency
by replacing conventional internal combustion
engines. However, an efficient and compact charging
system is necessary for reliable operation. This paper
presents a DC-DC converter—based on-board charger
(OBC) designed for electric vehicles to achieve efficient
power conversion and stable charging. The proposed
converter regulates voltage and current based on the
battery’s charging requirements, ensuring better
energy utilization and improved battery life. The
system also provides galvanic isolation between the
power source and the battery, enhancing safety during
operation.

To validate the performance, the converter is modeled
and analyzed to ensure minimal switching losses, high
power density, and improved efficiency under different
load conditions. The on-board charger integrates
modern power electronics, control circuitry, and
protective features for safe and reliable charging. This
design provides a cost-effective, lightweight, and
compact solution for electric vehicles, making it
suitable for both slow and fast-charging applications.
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INTRODUCTION

The growing concern over environmental pollution and
the depletion of fossil fuels has accelerated the shift from
conventional vehicles to electric vehicles (EVs). EVs
operate using rechargeable batteries as their main power
source, making the charging system one of the most
essential components. To ensure safe and efficient
charging, an effective power conversion unit is required to
control the voltage and current supplied to the battery. The
on-board charger (OBC) plays a key role by converting
electrical energy from an external power supply into the
required DC voltage level for charging the battery pack

within the vehicle.

Conventional charging systems often suffer from high
power loss, bulky design, and limited control over voltage
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regulation, which affect both efficiency and reliability.
The use of a DC-DC converter within the OBC helps
overcome these issues by maintaining a stable output
voltage and improving energy conversion efficiency. The
converter adjusts the power flow based on battery state,
ensuring faster charging while protecting the battery from
over-voltage or over-current conditions. Additionally, the
system can be designed to support bidirectional power
flow, allowing energy transfer from the battery back to the
grid during regenerative operations.

Recent advances in power electronics have made it
possible to design compact and highly efficient converters
that are suitable for modern EV applications. By
integrating advanced semiconductor devices, control
algorithms, and thermal management techniques, the OBC
can achieve better performance without increasing the
overall size or weight of the system. This allows EV
manufacturers to offer faster, safer, and more reliable
charging solutions, which are crucial for the widespread
adoption of electric mobility.

In this project, a DC-DC converter—based OBC is
developed with the objective of achieving higher
efficiency, compact design, and safe operation for EV
battery systems. The proposed converter is capable of
minimizing energy losses and providing improved thermal
performance compared to traditional methods. The
implementation of this system demonstrates a sustainable
and practical approach toward modern electric vehicle
technology, contributing to the advancement of energy-
efficient and eco-friendly transportation solutions.

Moreover, the integration of smart charging techniques
within the DC-DC converter—based OBC can enhance
battery longevity and overall vehicle performance. By
continuously monitoring the battery’s state of charge
(SOC) and adjusting the charging profile accordingly, the
system can prevent overcharging, overheating, and other
detrimental conditions. This intelligent approach not only
improves the efficiency of energy transfer but also
supports the development of future EV infrastructure,
where chargers can communicate with vehicles to
optimize power distribution and reduce strain on the
electrical grid

L LITERATURE SURVEY

Electric vehicles (EVs) rely heavily on efficient and
reliable charging systems, making the on-board charger
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(OBC) a critical component. Early research in EV charging
focused on linear chargers, which were simple but
inefficient due to high power loss and long charging times.
Studies have shown that integrating DC-DC converters
into OBCs significantly improves energy -efficiency,
voltage regulation, and overall charging performance,
which is essential for modern EV applications. [1]

Various DC-DC converter topologies have been explored
in the literature, including buck, boost, and buck—boost
converters. Buck converters are used to step down voltage
to match battery requirements, while boost converters
increase voltage from lower sources. Recent studies
highlight the use of bidirectional converters that support
both charging and regenerative energy flow, enabling
energy to be transferred from the battery back to the grid.
These designs enhance flexibility and efficiency, ensuring
better battery management [2].

High-frequency switching techniques in DC-DC
converters have been widely studied to reduce power loss
and size. Advanced semiconductor devices such as
MOSFETs and IGBTs improve switching efficiency and
thermal performance. Research also emphasizes soft-
switching methods like zero-voltage switching (ZVS) and
zero-current switching (ZCS), which minimize switching
losses, reduce electromagnetic interference (EMI), and
prolong converter lifespan, making the OBC more reliable.

[3].

Control strategies play a crucial role in achieving stable and
efficient operation of DC-DC converters. Pulse-width
modulation (PWM) with closed-loop feedback is
commonly used to regulate output voltage under varying
load and input conditions. Recent literature has explored
digital control methods and model predictive control
techniques to optimize performance, enhance battery
safety, and ensure faster dynamic response, making the
charging system adaptable to different battery types and
capacities. [4].

In conclusion, the literature indicates that DC-DC
converter—based OBCs are essential for efficient, safe, and
fast EV charging. Advances in converter topologies, high-
frequency switching, and intelligent control strategies have
significantly improved performance. However, challenges
like maintaining high efficiency across all operating
conditions, compact design, and cost-effectiveness remain.
This motivates the development of improved OBC designs,
such as the proposed DC-DC converter system in this
project, which aims to optimize efficiency, safety, and
practicality for modern electric vehicles [5]

II. PROBLEM STATEMENT

To guarantee quicker and safer energy transfer to their
battery packs, electric vehicles (EVs) demand dependable,
small, and effective charging systems. Standard off-board
charging systems are hefty, costly, and frequently restricted
by thermal losses and low power conversion efficiency.
Furthermore, direct link between low-voltage batteries and
high-voltage DC sources can cause instability, excessive
current flow, and shortened battery life. High switching
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losses, subpar voltage regulation, and more
electromagnetic interference (EMI) make current DC—-DC
converters used in on-board chargers unsuitable for high-
performance EV applications. As a result, one must design
and build an on-board charger based on a high-efficiency
DC-DC converter able of performing accurate voltage
regulation, efficient thermal management, and safe
charging of batteries inside a small, lightweight, energy-
efficient system

I11. IMPLEMENTATION AND DESIGN

For effective on-board EV charging, the suggested
design combines a renewable energy source, DC-DC
converter, and bidirectional converter. The renewable
source produces DC electricity, which is conditioned by
the DC-DC converter and sent to the DC bus. Between the
storage system and DC bus at 700 V and 400 V,a
bidirectional DC-DC converter controls energy flow. The
BMS system keeps an eye on the energy storage unit's
charge level, voltage, and current. The PCS
control manages power flow, but the master control
system coordinates general operations. For two-way
energy transfer, the DC-AC converter connects the DC
bus to the grid. The design guarantees high efficiency,
stability, and small size fit for EV uses.

Hardware Design

The The hardware prototype of the proposed on-board
charger was built around a high-efficiency DC-DC
converter circuit that included MOSFET switches,
inductors, and filter capacitors in order to provide a
seamless voltage conversion. The converter is designed to
reduce a high input voltage of 400700 V DC to the voltage
needed to charge the battery, with minimal losses.
Sufficient isolation and heat sinking were ensured for safe
operation.

Between the battery and the DC bus, power transmission
was made possible by using a bidirectional DC-DC
converter that supported both charging and discharging
modes. A microcontroller's precise timing signals were
meant to be used by the driver circuits to regulate the
switching devices. The converter board had a voltage and
current sensing circuit for feedback control and safety.

The Battery Management System (BMS), which was
connected to the power circuit, continuously monitored the
battery's voltage, current, and temperature. The master
control and PCS units were implemented using a
microcontroller platform, which regulates the converter's
duty cycle and ensures system stability. For electric
vehicles, the full hardware configuration is ideal because it
is small, efficient, and reliable at converting electricity.

Software Implementation

The  software design was developed using
MATLAB/Simulink, enabling precise modeling of
converters and control systems. Each subsystem—DC-DC
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converter, bidirectional converter, and inverter—was simulated
to analyze voltage regulation, power flow, and converter
switching behavior. The simulation results validated
steady-state operation and low ripple characteristics.

The control algorithm for the converter was implemented
using a closed-loop feedback mechanism with a PI
controller. This algorithm ensures accurate output voltage
regulation under varying load and source conditions. The
BMS and PCS control logic were also simulated to
coordinate charging and discharging cycles efficiently.

Finally, the system’s performance parameters such as
efficiency, voltage ripple, and response time were observed
under different load conditions. The MATLAB results
confirmed that the proposed design achieves over 90%
conversion efficiency and maintains stable output during
energy transfer, proving its suitability for on-board EV
charging and renewable integration.

System Integration

The system integration combines the control units,
BMS, bidirectional converter, and DC—DC converter into a
single charging platform. The master control system
synchronizes all modules to ensure a steady DC bus
operation and regulated energy flow. The integrated design
promotes effective on-board EV charging while also
enabling seamless integration of renewable sources, battery
storage, and the grid..
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Iv. PERFORMANCE EVALUATION

The performance of the converter is evaluated based on
efficiency, transient response, stability, and thermal
characteristics. Simulation results show a peak efficiency of
about 96% at nominal load and slightly lower (93-94%) at
extreme SOC levels. The transient response indicates a
settling time of less than 2 ms with minimal overshoot
(<3%), and the PID controller tuned with K, = 0.8, K; = 150,
and Kd = 0.02 ensures a fast inner current loop. The voltage
ripple, calculated using

I, -D-(1-D)
ripple = f.- C

is approximately 0.5% of the output voltage, ensuring
minimal stress on connected electronics. Thermal analysis
confirms safe operation under full-load and regenerative
conditions, while harmonic analysis shows less than 5%
THD. Bidirectional mode switching occurs within 50 s,
allowing quick adaptation during acceleration, cruising,
and braking. Overall, the converter demonstrates efficient,
stable, and reliable bidirectional operation with accurate
voltage and current tracking.

~ 0.5%V,

V. IMPACT OF HARDWARE ACCELERATION

Hardware acceleration using fixed-step solvers reduces
simulation time by ~40% while maintaining numerical
fidelity. High-frequency PWM and small step-size
simulations allow accurate modeling of switching losses:

1
Py = E VpsIptrisefs

Accelerated simulations provide rapid assessment of
control loop performance, transient stability, and thermal
effects. Iterative testing of control parameters is

VI RESULTSAND OUTPUT

The simulation of the DC-to-DC converter was performed

using a synchronous buck converter design to reduce a
high-voltage input of 400 V DC to a low-voltage output of
12 V DC. The converter was configured to deliver an
output power of around 1 kW, supplying approximately
83.33 A of load current. A switching frequency of 50 kHz
was used, resulting in a calculated duty cycle of 0.03. To
achieve about 20% current ripple through the inductor, a
value of 0.014 MH was selected, and a 1000 uF output
capacitor with an ESR of 0.01 Q was used for output
voltage filtering. The MOSFET on-resistance was set at
0.01 Q, and the inductor DC resistance at 0.005 Q to
account for conduction losses.

During steady-state operation, the converter output
voltage remained constant at 12.000 V, very close to the
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target value. The simulated voltage ripple across the
output capacitor was 0.0417 V peak-to-peak, which is
about 0.3476% of the average output voltage. The
inductor current averaged 83.333 A with a peak-to-peak
ripple of 16.6678 A, maintaining continuous conduction
mode operation. The RMS current through the inductor
was measured to be 83.4725 A.

The estimated power losses were mainly due to the
conduction resistance of the MOSFET and the copper
resistance of the inductor. The MOSFET conduction loss
was approximately 69.68 W, while the inductor copper
loss was 34.84 W. Minor losses from the output capacitor
ESR (around 0.695 W) and diode conduction during
deadtime (0.028 W) were also observed. The converter
required about 1105.24 W of input power to produce an
output of 1000 W, giving an overall simulated efficiency
01 90.48%.

The generated simulation waveforms included the
constant 400 V input voltage, PWM switching signal, the
12 V output voltage with minimal ripple, and the inductor
current waveform. These plots confirmed stable converter
behaviour and consistent output under steady-state
conditions. A complete time-series data file was also
produced, containing time, input voltage, PWM signal,
output voltage, and inductor current for further analysis
and verification.
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Fig 4: Leakage Current (Ig) waveform of the converter
circuit.

VIIL. COMPARISON WITH EXISTING METHODS

Compared to conventional unidirectional DC-DC
converters, the proposed bidirectional topology reduces
the number of separate converters required, lowering
overall system complexity, cost, and weight. Simulation
comparisons reveal 2-3% higher efficiency due to
synchronous switching and optimized PWM strategies.
Voltage ripple is 30% lower compared to traditional
designs, and current response is smoother during mode
transitions. Fault response, including overcurrent and
overvoltage handling, is faster due to integrated protection
blocks. Overall, the proposed design demonstrates
superior performance in efficiency, dynamic response, and
bidirectional energy handling.

VIII. CONCLUSION

The simulation of the DC-to-DC converter for the electric
vehicle on-board charger was successfully carried out
using a buck converter design. The system efficiently
converted a 400 V DC input into a stable 12 V DC output
with minimal voltage ripple of only 0.0417 V. The
converter operated in continuous conduction mode,
ensuring smooth and steady current flow through the
inductor. It delivered an output power of approximately 1
kW while maintaining an overall efficiency of about
90.48%. The simulation showed that the main power
losses occurred in the MOSFETSs and the inductor due to
conduction resistance, while diode and capacitor losses
were very small. The output voltage remained well-
regulated, confirming the converter’s reliable performance
under steady-state conditions. These results validate the
effectiveness of the chosen design parameters and
component values. Overall, the converter demonstrated
strong performance and efficiency suitable for EV on-
board charging applications. The successful simulation
provides a solid foundation for moving into the hardware
development phase of the project.
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IX. FEATURE SCOPE:

The effectiveness of the suggested DC—DC converter
topology under various operating circumstances has been
verified by simulation in the current study. The suggested
design will be implemented as a hardware prototype in the
next stage to confirm its real-world viability and
performance accuracy. Real-time testing using
microcontrollers or DSP-based control platforms will be
part of the hardware development, along with controller
design and driver circuitry. Future studies can concentrate
on increasing thermal management, improving conversion
efficiency, and minimizing switching losses. In addition,
closed-loop control methods and protection measures can
be implemented to guarantee consistent performance
across a range of input and load circumstances. In order to
optimize the design parameters and ensure the system's
overall dependability and resilience for industrial and
renewable energy uses, experimental validation and
comparison with simulation findings will be helpful.
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