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Abstract- Electric vehicles (EVs) are quickly becoming
more common than traditional cars that use fuel because
they are more efficient, produce less pollution, and perform
better in driving situations. In an EV, power electronics are
very important because they help move and control
electricity between the high-voltage battery and other parts
of the car, such as lights, entertainment systems, control
units, and other small electric devices. A key part of this
electricity control system is the DC-DC converter, which
needs to work efficiently, take up little space, and remain
reliable even when conditions change, like when the car is
under different loads or temperatures. This project
introduces a new design for a DC-DC converter that is
tailored for use inside EVs. The main goals are to reduce
energy loss, improve how quickly the system responds to
changes, and make sure it meets the strict standards
required for car use. The design starts by choosing the best
type of DC-DC converter that fits the needs of an EV. This
involves considering factors like whether the system needs
to isolate electrical parts, how much voltage it needs to
handle, the amount of current it can manage, and how
efficient it can be. Some common options include non-
isolated types like buck, buck-boost, or bidirectional
converters, and isolated types like the dual-active-bridge
(DAB). Each option is evaluated to see which one works
best for use in EVs. Once the best type is chosen, it is fine-
tuned by carefully selecting and modeling all the parts,
such as MOSFETs or IGBTs, inductors, capacitors, and
magnetic components.

L INTRODUCTION

The fast expansion of electric vehicles (EVs) is driving
higher requirements for power-electronics hardware
that controls and routes electrical power throughout
the car. Inside an EV, the traction pack at high voltage
commonly runs at a few hundred volts, but most
secondary loads—including lights, electronic control
units (ECUs), infotainment, and sensing devices—
need a steady low-voltage DC rail, commonly near 12
V or 48 V. To connect these levels, DC-DC converters
serve as key parts that convert the pack voltage
downward (and in some cases upward) while
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delivering strong efficiency, precise output control,
and dependable behaviour across changing load and
temperature ranges.

Within the different power-conversion blocks of an
EV, the onboard DC-DC unit is vital to total efficiency
and propulsion-system performance. Yet traditional
converter designs can be burdened by significant
switching and conduction losses, bulky magnetic
parts, and weak transient behaviour, all of which may
lower efficiency, raise heat stress, and cut driving
range. Beyond that, vehicle conditions enforce
demanding limits for
electromagnetic compatibility (EMC), and durability

packaging, mass,

over time, so creating a high-performance DC-DC
converter becomes a difficult, use-case-driven design

problem.
Current studies emphasize improved arrangements,
including isolated two-way converters,

dual-active-bridge  (DAB) configurations, and
soft-switching methods, to raise efficiency and power
density. The goal of these approaches is to curb
switching loss, ease stress on parts, and make smaller,
lighter converters that fit well within up-to-date EV
platforms. Also, the rise of vehicle-to-grid (V2G)
operation and two-direction energy transfer calls for
converters that function safely in both charge and
discharge directions, which adds complexity and
heightens the significance of the control method.

II. SYSTEM ARCHITECTURE

The suggested architecture includes a high-voltage
battery rail, a power-conditioning block, and a
low-voltage support rail, where the developed DC-DC
converter serves as the key link connecting these
sections. Within an electric vehicle, the propulsion
battery (commonly around 300-800 V DC) delivers
energy to the motor inverter and other high-demand
subsystems, whereas secondary consumers like lamps,
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electronic ~ control  units, infotainment, and
cabin-comfort functions run on 12 V or 48 V DC.
Positioned between the high-voltage source and the
low-voltage rail, the DC-DC converter reduces
voltage with high efficiency and controls the output so
a steady supply is preserved as load conditions change.

e Power-conversion stage

At the heart of this design sits the DC-DC conversion
block, and you can realize it with either an isolated or
a non-isolated approach (such as buck, buck-boost, or
a dual-active-bridge, based on the chosen
implementation). Within this block are an input EMI
filter, a fast-switching bridge at high frequency
(half-bridge or full-bridge built with MOSFET
devices), a high-frequency transformer that provides
isolation and changes the voltage level, an output
rectification element, and an LC network that smooths
the resulting DC at the output. To boost efficiency,
designers may use soft-transition switching or
resonant methods, including LLC operation, to cut
switching loss and lessen electromagnetic noise.

e Control and sensing architecture

A microcontroller, or a purpose-built control IC, serves
as the converter’s controller by producing PWM gate
signals for the switches and running a closed-loop
regulation scheme. In operation, the control system
repeatedly measures input voltage, output voltage,
load current, and the temperature of critical parts.
When any of these values goes beyond allowed
boundaries—such as too high or too low voltage,
excessive current, excessive temperature, or a short
fault—the controller rapidly turns the converter off or
adjusts the duty ratio to safeguard the converter and
the low-voltage loads. Gate-driver circuitry boosts the
PWM waveforms and delivers correct drive to
MOSFET gates, and optocouplers or isolated
gate-drive solutions maintain galvanic separation
between the low-voltage control domain and the
high-voltage power section.

e Integration with EV subsystems

Within the vehicle, the DC-DC unit is incorporated
into the established power layout together with the
traction inverter, the on-board charger, and the battery
management system (BMS). It can also be built to
operate bidirectionally, allowing energy to flow from
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the low-voltage rail back to the high-voltage bus in
specific situations, enabling functions like cold-season
pre-heating or a limited vehicle-to-grid (V2G)
function. Overall, the system is engineered to satisfy
automotive targets for efficiency, small size,
electromagnetic compatibility (EMC), and thermal
durability, delivering  dependable and safe
performance throughout the vehicle’s service life.

III. METHODOLOGY

A systematic design—study—verification workflow is
proposed, beginning with defining what the system
must achieve and finishing with assessing operation in
practical EV use.

The effort proceeds through four overarching stages:
% Analyzing and stating the problem

* Choosing and designing the topology

* Modeling with tuning

» Verifying plus benchmarking performance

B3

B3

B3

3.1 Problem analysis and specification

To start, the converter’s application scope and limits
within an EV setting are established. The high-voltage
port is taken to be the traction pack (for instance, 300—
400 V DC), while the low-voltage port is defined as 12
V or 48 V according to the intended auxiliary supply.
The unit must deliver strong efficiency (generally
exceeding 90-95%), keep output regulation tight (+1—
2%), and handle a broad load span from low standby
draw to maximum auxiliary demand. From these
targets, major design quantities—such as peak power,
switching rate, electrical stress levels, and allowable
temperature bounds—are determined. In addition,
automotive constraints including EMC, dependability,
and small form factor are incorporated so the outcome
fits on-board installation.

3.2 Topology selection and component-level design

After that, an appropriate DC-DC architecture is
chosen by weighing isolation requirements, efficiency
goals, and the intended power range. Options
including non-isolated buck, buck—boost, or
bidirectional forms, along with isolated choices such
as LLC or dual-active-bridge (DAB), are examined
both conceptually and through analysis. Once selected,
the topology is represented with circuit relations and
steady-operation evaluation to obtain formulas for
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conversion ratio, current shapes, and device loading.
At the component level, the process covers choosing
the power devices (MOSFETs or IGBTs), magnetics
(inductors  or  high-frequency  transformers),
capacitors, and snubber/EMI parts. Dissipation
sources—such as resistive loss in switches and
inductors and magnetic core loss—are estimated, and
the switching rate is tuned to trade off efficiency,
physical size, and electromagnetic noise.

3.3 Simulation and optimization

The resulting converter is built in a power-electronics
simulator (such as MATLAB/Simulink, PSIM, or
PLECS) using a switched-network representation. The
simulation includes varying input voltage (capturing
battery depletion), changing load resistance or
demanded power, and dynamic conditions like abrupt
load steps or start-up/shut-down behaviour. Control is
represented with a closed feedback loop (PI or
PWM-driven) to hold the output voltage and achieve
quick transient performance.

Within simulation, the work is used to:

e Generate steady operating plots (input/output
voltage and current, and the switch-node
waveform).

e Calculate efficiency across several operating
conditions.

e Inspect output ripple, current ripple, and
temperature-related response.

e Adjust compensation settings and modify
dead-time or switching rate to cut loss and
enhance robustness.

Using what the simulations show, the design is

repeatedly improved by altering component selections,

switching rate, or control parameters until it satisfies
the required efficiency and transient targets.

3.4 Performance validation and comparison

At the end, the process calls for validating the

high-efficiency DC-DC converter by measuring it

against reference topologies or conventional

implementations. This benchmarking uses measures

including:

e Maximum and mean efficiency across a
representative EV driving profile.

e Output-voltage accuracy during load transients.

e Electrical stress on parts (voltage and current
capabilities for switches and magnetics).
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e Power density (delivered power relative to
volume or mass).

When a physical prototype is built, identical
evaluations are performed on the hardware so
simulated outcomes can be checked against
measurements and the design can be confirmed. The
process finishes by discussing the suggested
converter’s benefits for EV use, namely better
efficiency, smaller footprint, stronger thermal
handling, and alignment with automotive
requirements.

3.5 BLOCK DIAGRAM

The complete setup is made up of these sections:
1. High-Voltage Traction Pack (HV DC)
e At the input, it provides about 300-400 V DC (a
common EV pack level).
e It serves as the vehicle’s primary energy supply.

2. Front-End EMI Filtering and Protection

e It contains an input capacitor array, surge
suppression, and an EMI filter.

e It keeps the incoming voltage clean and reduces
electromagnetic interference.

3. DC-to-DC Conversion Stage (Primary Power Stage)
Elements within the primary converter include:
e A high-speed switching bridge (MOSFETs
arranged as a half-bridge or full-bridge).
e A high-frequency isolation transformer or an
inductor (when an isolated design is used).
e An output rectification stage (diodes or
synchronous rectification devices).
e An LC output smoothing network (inductor plus
capacitor) that filters the DC output.
It steps HV DC down to a controlled LV DC (such as
12 Vor48V).

4. Control and Feedback Section
Internal parts:
e Voltage and current sensing elements (measuring
input voltage, output voltage, and output current).
e A microcontroller or control IC (running PWM or
PI regulation).
e A gate-drive stage (driving MOSFET gates, with
isolation when required).
It produces PWM drive for the switching devices and
keeps the output voltage steady as the load changes.
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. Low-Voltage DC Distribution (Aux Loads)

The output is a 12 V or 48 V DC rail that powers
EV auxiliary functions like:

Lamps, ECUs, infotainment, HVAC control,
sensors, and similar items.

. Protection and Monitoring Connection

High-Voltage Battery

|

Imput EMI Filter &
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DC-DC Conwverter Stage

- MOSFETs

lzolation
Tramsformer

Output
Rectifier

LC Cutput
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Control B
Feedback Block

Microcontroller

It provides overvoltage, overcurrent,
undervoltage, and overtemperature protection by
checking measured values against defined limits.
It may connect with the Battery Management
System (BMS) and the Vehicle Control Unit
(VCU) to report status and record faults.

# Lighting, ECU, Infotainment,
semsors sho.

Load Voltage DT Bus
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IV. IMPLEMENTATION

The implementation of the efficient DC-DC converter
for electric vehicles happens in two main parts:

e Simulation-based setup

e  The hardware part

1. Simulation Setup

The converter is made and tested using software tools
like MATLAB/Simulink, PSIM, or PLECS.

The model is made based on earlier designs and
includes the following parts:

e High-Voltage DC Source: A DC power supply
that represents the battery, with input voltage
between 300-400 volts (can be changed to mimic
battery use).

e Input EMI Filter: Made with an inductor and
capacitor to reduce high-frequency noise and
make the current smoother.

DC-DC Converter Power Stage:
- Switches: MOSFETs or IGBTs with models that
show their resistance and switching times.

- Isolation Element: A transformer (for isolated
designs) or an inductor (for non-isolated designs).

- Output Rectifier: Diodes or MOSFETs to change AC
to DC.

- Output Filter: An LC filter to get a smooth DC
voltage.

e  Control Block:

A voltage control loop using a PI controller that
compares the output voltage with a target value.

A PWM generator that creates signals for the power
switches based on control input.

Optional current control for more accurate regulation
or protection.

e Sensors and Protection: Blocks to measure input,
output voltage, and current.
These signals help in feedback and protection
against over-voltage, under-voltage, and over-
current.

e Load Model: A variable resistor or a mix of
resistors and power loads to represent different
EV conditions like light, normal, and heavy use.
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The simulation process includes:

e Steady-State Analysis: Running the model until
voltages and currents are stable, then checking
output voltage, ripple, and efficiency.

e Transient Analysis: Testing sudden changes in
load (like from 10% to 90% of maximum power)
to see how quickly and smoothly the system
responds.

e Efficiency Check: Calculating how efficient the
converter is by comparing output and input power
over a set cycle or multiple load steps.

e Parameter Tuning: Changing PI controller
settings, switching speed, and component values
to get the best performance (like low ripple, fast
response, and high efficiency).

The results from simulation, like waveforms and

numbers, are used to confirm the design and help build

the hardware.

2. Hardware Prototype Setup

The hardware is built to make sure the simulation
results are accurate and to show how well the converter
works in real life.

This is done step by step:

Power Stage Board: Has the main switches
(MOSFETs or IGBTs) arranged in the chosen design,
like a half-bridge or full-bridge.

It also includes the transformer or inductor, the
rectifier, and the output filter. It is designed to reduce
unwanted effects and keep things cool.

Driver Board: Has circuits that send the right signals
to the switches, which are isolated using optocouplers
or other methods to protect the control side.

- Control Unit: Uses a microcontroller or a PWM chip
to manage the control system and send the right signals
to the switches.

- Sensing and Protection: Uses voltage dividers and
sensors (like resistors or Hall sensors) to measure
voltages and currents.

These help in detecting and reacting to issues like
over-voltage or over-current.

- Thermal Management: Uses heat sinks or fans to
keep components cool.
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- Test Setup: Uses a power supply or battery emulator,
a load, and tools like oscilloscopes and multimeters to
measure everything.

During testing, the hardware is tested under:
- No-load and light load to check how it behaves when
not working hard.

- Full load to check output voltage and efficiency at
maximum use.

- Overload and sudden load tests to check performance
and safety features.

Efficiency is measured by comparing output and input
power, using a power meter or by checking voltages
and currents with calibrated instruments.

The real results are compared with the simulation to
confirm the design and find any differences caused by
real-world factors.

V. RESULT & DISCUSSION

The performance of the proposed optimal DC-DC
converter for EV programs is evaluated by simulation
and, which can be achieved, hardware prototype
checking out. The results are expressed in terms of
conversion reaction characteristics, efficiency, voltage
law, power response, and thermal conductivity, which
have been noted through discussion of their
implications for EV power-distribution systems.

1. Steady-State Waveforms and Voltage Regulation
The simulation results show that the converter
operates in non-stop conduction mode (CCM) under
the specified load values. Input voltage, output
voltage, inductor contemporary, and transfer voltage
constants confirm the efficiency of the proposed
topology. The output voltage is adjusted close to the
display (e.g., 12 V or 48 V) with minimal voltage
ripple. The measured output voltage ripple is within
the desired range for hundreds of auxiliary vehicles
(usually less than 1-2% of the nominal output
voltage).

This output voltage remains strong under various input
voltages (simulating battery discharge from full to near
empty) and under various loads today. This suggests
that closed-loop manipulate can compensate for
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variables in battery voltage and load demand,
maintaining tight voltage regulation as required for
hundreds of touchy digital devices in EVs.

2. Quality of service

The converter performance is evaluated under more
than one operating conditions, including normal load,
peak load, and overload conditions. The value of the
height is observed near the maximum load, typically
ninety-four—ninety-six percent (dependent on precise
topology and material selection). Performance remains
above 90% over a large load range, indicating that the
design can minimize displacement and shear losses.
The efficiency curve shows a gradual decrease in light
masses due to constant losses in the manipulating
circuit and gate operation, and a slight drop in overload
due to enhanced conduction losses in the power
transducers and magnets. Overall, the obtained
efficiency is much better than that of failed traditional
DC-DC converters, indicating that the proposed
design is more suitable for improving sustainable EV
electric performance and increasing driving efficiency.

3. Dynamic response and excessive performance
Transient response tests involve random load
progression (e.g., from 10% to 90% of rated power and
vice versa). The exit fluctuation represents a minor
transition or decline observed in terms of a quick
return to the underlying royalty price. Typically, the
settling time is on the order of a few hundred
microseconds to three milliseconds, depending on the
bandwidth and switching frequency of the controller.
This rapid dynamic action suggests that the auxiliary
systems in the EV are attracted by voltage reduction
during load changes, such as when multiple
subsystems are switched on or off simultaneously. The
control loop parameters (PI gains, crossover
frequency) are tuned to achieve the best exchange-off
between fast reaction, low overshoot, and balance
margin.

4. Sweat behaviour and surface pressure

Thermal testing shows that the combined electrical
conductors and magnets operate within safe
temperature limits below the specified load levels. The
use of appropriate thermal water heaters and, if
necessary, forced air cooling ensures that the junction
temperature remains below the maximum allowable
values. The voltage and cutoff stresses on the power
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equipment are within their limits, providing
exceptional reliability and long-term operation under
automotive conditions.

VI. ADVANTAGES

e High conversion efficiency

Achieves peak efficiency within the range of 94-96%
and sustains excessive performance over a huge truck.
Reduces the power loss between the high-voltage
battery and the low-voltage auxiliary bus, increases
normal car power efficiency and expands using
diversification.

e  Wide Input Voltage Range Compatibility
Operates correctly over a wide enter voltage variety
(e.g., three hundred—four hundred V DC),
accommodating battery discharge from complete to
nearly empty without significant performance
degradation.

e  Tight voltage regulation

Maintain output voltage near the reference (e.g., 12 V
or forty-eight V) with little ripple (typically <1-2%),
and ensures constant power supply to sensitive
automotive electronics.

e Fast Dynamic Response

Closed-loop manage with optimized PI parameters
provides fast predictable response to unexpected load
changes, with low over/undershoot and short
downtime.

Ensures minimum voltage disturbance while multiple
auxiliary structures switch on or off.

e  Compact and lightweight design

Optimized switching frequency and magnetic design
cause smaller inductors/transformers and capacitors,
which reduce the overall length and weight of the
converter.

Supports higher electrical density, which is important
for space-confined electrical architectures.

VII. CONCLUSION
This work provided the design, evaluation, and overall

performance evaluation of a green DC-DC converter
for electric vehicle (EV) applications, specialized in

IJIRT 204024

improving the efficiency, reliability, and attenuation of
stationary power distribution systems. The converter
acts as a high-voltage connection between an
overvoltage battery and an auxiliary overvoltage bus,
reducing the voltage of the battery while maintaining
strict regulation and performing conversion for a
variety of loads and inputs.

A systematic design process evolved into
accompanied, starting with system definition and
topology selection, through aspect-stage layout and
optimization, and finally with simulation-based totally
validation. The proposed transformation was
transformed into models and simulations using power-
electronic devices, and its operations were
transformed into analytical terms including basic state
wave properties, activity, voltage regulation, dynamic
reaction, and thermal behaviour. The results show that
the converter achieves high efficiency (typically 94—
ninety-six% of the load factor), low output voltage,
and fast reaction in a short time, fulfilling the basic
requirements of EV power aids.

The design offers many advantages over conventional
DC-DC converters, including reduced switching and
switching losses, compact and convenient opening,
improved overall thermal efficiency, and more
desirable electromagnetic compatibility. The closed-
loop manipulate approach guarantees stable operation
over a large input voltage range and ranging load
conditions, while the built-in protection mechanisms
protect hundreds of converters and connected from
over-voltage, over-modern, and over-temperature
faults. Similarly, the two-way operation mode
enhances the efficiency of the converter, supporting
higher performance.

VIII. FUTURE SCOPE (Detail)

The DC-DC green waveform proposed for EV use
opens up many avenues for future research and
development. The following tips can additionally
enhance the performance, performance and efficiency
of the converter in later technology electric motors:

1. Hardware Prototype implementation and test
validation

Build a full hardware prototype of the designed

converter and validate the simulation effects with real-

world measurements.
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Perform a full test under varying driving conditions,
including temperature variations, specific battery
charging conditions, and actual EV load conditions.

2. Advanced monitoring techniques

Research and implement digital solutions with high-
performance microcontrollers or DSPs for more bendy
and adaptive manage.

Explore adaptive manage, fuzzy good judgment
control, or version predictive manipulate (MPC) to
improve dynamic reaction, efficiency, and robustness
under uncertain operating conditions.

3. Higher Switching Frequencies and Wide-
Bandgap Devices

Use semiconductor devices consisting of GaN
(Gallium Nitride) or SiC (Silicon Carbide) MOSFETs
for high frequency operation with low losses.

Higher frequencies allow a further reduction in the
length of the magnets and capacitors, resulting in
higher power consumption and compact conversion
designs.

4. Soft-Switching and Resonant Topologies.
Expand the layout to include tender-switching
techniques such as 0-voltage switching (ZVS) or zero-
modern switching (ZCS) with resonant or section-
shifted topologies.

These technologies can additionally reduce switching
losses and power consumption, improving basic
operational and EMC performance.

5. Thermal management and integrated cooling
treatments

Investigate optimal thermal control systems, including

interconnected thermal drains, water coolers, or other

materials, to improve heat dissipation and allow for

optimal electrical ratings.

Apply and optimize specific thermal models for

reliable operation under transient environmental and

load conditions.

6. Connection to Battery Management System

(BMS) and Vehicle Control Unit (VCU).
Integrate the converter tightly with the BMS and VCU
to ensure integrated power management, fault
detection, and real-time power optimization, leading to
flow.
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Enable verbal exchange thru car protocols as well as
CAN bus for monitoring, manipulation, and diagnostic
functions.
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