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Abstract—The rapid advancement of electric vehicle
(EV) technology has created a strong demand for
efficient and reliable power management systems that
can handle multiple voltage requirements from a single
power source. This project focuses on the design of a
high-efficiency multi-output DC-DC converter that
provides stable and regulated power for different
subsystems within an electric vehicle. The converter’s
multi-output design allows it to supply power efficiently
to various EV subsystems, without the need for multiple
independent converters. By employing advanced
switching techniques and optimized circuit topology, the
system minimizes energy losses and enhances overall
conversion efficiency. Experimental results demonstrate
that the proposed converter significantly improves
energy utilization and reduces thermal stress on
components. Hence, the developed system provides a
compact, cost-effective, and scalable solution for next-
generation EV power management, contributing to
higher performance, safety, and sustainability in electric
mobility.

Index Terms—Battery Management System (BMS), DC-
DC converters, ESP32 microcontroller, Metal Oxide
Semiconductor Field Effect Transistor MOSFET, Liquid
Crystal Display LCD, Light Emitting Diode LED.

I. INTRODUCTION

The high-efficiency multi-output DC-DC converter is
a central component in modern electric vehicle (EV)
power management systems. By integrating multiple
outputs into a single converter, the overall system
complexity is reduced, leading to lower wiring
requirements and a more compact design [1], [2]. By
integrating multiple outputs into a single converter, the
overall system complexity is reduced, leading to lower

wiring requirements and a more compact design, [3].
[4] By employing advanced circuit topologies—Ilike
synchronous buck, push-pull, or full-bridge
converters—engineers can achieve high efficiency
even at varying load conditions. When integrated with
the DC-DC converter, the BMS provides a
comprehensive power management framework that
maintains the health of the battery while supplying
steady power to the vehicle s electronics. The
remainder of this paper is organized as follows:
section 1l presents the system architecture and
modeling, section Il describes the control
methodology and working process, section 1V
discusses the simulation results and performance
evaluation and section V concludes the paper.

1. SYSTEM ARCHITECHTURE

A. Power management in electric vehicle

The high-efficiency multi-output DC-DC converter is
a central component in modern electric vehicle (EV)
power management systems. Unlike conventional
single-output converters, this system is designed to
simultaneously supply multiple subsystems of the EV,
including lighting, infotainment, and auxiliary
electronics. By integrating multiple outputs into a
single converter, the overall system complexity is
reduced, leading to lower wiring requirements and a
more compact design. Additionally, this approach
minimizes voltage drops and ensures consistent power
delivery across all subsystems. The design emphasizes
efficiency, aiming to reduce energy loss and improve
the overall range of the vehicle. Advanced
semiconductor devices, such as MOSFETs and
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synchronous rectifiers, are employed to achieve high
conversion  efficiency. Thermal  management
techniques are also incorporated to prevent
overheating during continuous operation.
Furthermore, the converter supports dynamic load
conditions, adapting to variations in subsystem power
demands. This ensures reliability and longevity of
both the converter and the connected EV systems.

To manage voltage regulation, switching, and
monitoring, the system employs an ESP32
microcontroller. This microcontroller serves as the
intelligent control unit, constantly adjusting the
converter ‘s duty cycles to maintain stable output
voltages. It also performs real-time monitoring of
current and voltage levels, ensuring the subsystems
receive the correct power without interruption.
Battery safety is a critical concern in EVs, and this
system integrates a Battery Management System
(BMS) to monitor charge, discharge, and temperature
parameters. The BMS continuously tracks the state of
charge (SOC) and state of health (SOH) of the battery
pack, preventing overcharging and deep discharging
that could damage cells. Temperature sensors
distributed across the battery modules provide data to
prevent overheating, which could lead to thermal
runaway.

Relays are employed in the system to manage load
control and provide fault protection for sensitive
subsystems. These electromechanical or solid-state
relays act as switches, isolating faulty circuits to
prevent damage to other components. During
abnormal conditions, relays quickly disconnect
affected loads, minimizing the risk of cascading
failures. They also allow prioritized power
distribution, ensuring essential subsystems receive
uninterrupted supply even under limited power
conditions. The relays are controlled by the
microcontroller, which makes decisions based on real-
time data from the converter and BMS.

The overall circuit design emphasizes optimization to
reduce power loss and enhance efficiency. Careful
component selection, including low-resistance
conductors, high- efficiency MOSFETS, and precision
inductors, minimizes conduction and switching losses.
Thermal management strategies, such as heat sinks
and airflow paths, prevent overheating that could
degrade efficiency. The converter layout is engineered
to reduce parasitic inductance and capacitance,
improving transient response and minimizing
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electromagnetic  interference. Energy recovery
techniques are also implemented, allowing unused
energy to be redirected instead of wasted. Simulation
and testing at various load conditions ensure the
system maintains efficiency across a wide operating
range. These optimizations result in lower energy
consumption, contributing to longer driving ranges for
EVs. Moreover, the system supports future scalability,
accommodating  additional  subsystems  without
significant  redesign. By combining hardware
efficiency with intelligent control algorithms, the
power management unit achieves high overall
performance.

B. BLOCK DIAGRAM

Electric vehicles (EVs) require multiple voltage levels
to power various subsystems, including traction
motors, sensors, controllers, and auxiliary electronics.
Each component has specific voltage and current
requirements to operate efficiently and safely.
Traditional designs often rely on multiple single-
output DC-DC converters to supply these voltages
separately. However, using separate converters
increases the system ‘s complexity, adds weight, and
leads to significant energy losses due to redundant
conversion stages. Wiring complexity and space
constraints also pose challenges, especially in compact
EV designs. The inefficiency caused by multiple
converters can reduce the vehicle ‘s overall range and
performance.

Moreover, managing multiple converters increases
maintenance  requirements and  monitoring
complexity. To address these issues, a more integrated
approach is necessary. A single, high-efficiency multi-
output DC-DC converter can meet all voltage
requirements while simplifying the electrical
architecture. In conclusion, the integration of a multi-
output DC- DC converter, ESP32 microcontroller,
BMS, LCD display, and relays creates a highly
efficient, safe, and reliable power management system
for EVs. By consolidating multiple voltage outputs
into a single converter, the system reduces energy
losses, simplifies wiring, and minimizes component
count. Intelligent control through the ESP32 ensures
stable power delivery and optimized energy usage.
The result is a comprehensive power solution that
supports sustainable EV operation. The system
ensures drivers benefit from consistent performance,
longer range, and enhanced safety. Furthermore, the
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modular design makes it suitable for various vehicle
models and future technological upgrades. Overall, the
approach reflects a balanced focus on performance,
reliability, and operational safety. By combining
hardware efficiency with intelligent control
algorithms, the power management unit achieves high
overall performance.
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Fig.1. Block Diagram of Power Management in
Electric Vehicle

C. Modelling

By generating multiple outputs from one converter,
the system reduces the number of components,
minimizes wiring, and improves reliability. Advanced
circuit topologies allow simultaneous operation of
multiple loads without voltage drops, even under
varying power demands. The converter s efficiency is
optimized through careful component selection, such
as  low-resistance MOSFETSs, high-efficiency
inductors, and fast-switching diodes.

Thermal management strategies, including heat sinks
and optimized layouts, prevent overheating during
continuous operation. This integration ensures that
motors, sensors, and controllers receive stable and
reliable power. It also supports dynamic load
conditions, maintaining system stability during
acceleration or regenerative braking. Overall, the
multi-output  converter simplifies EV  power
architecture while improving energy efficiency.

To provide clear feedback to users and technicians, an
LCD display is incorporated into the system. The
display shows real-time information, including
voltages, currents, battery status, and any active fault
notifications. This allows quick identification of
issues, facilitating timely intervention before faults
escalate. The interface is designed to be user-friendly,
with intuitive graphical elements and numerical
readouts. Historical logging on the display also
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supports system diagnostics and performance analysis.
The combination of relays with real-time monitoring
ensures that abnormal conditions are mitigated
quickly. Additionally, relays reduce unnecessary
energy loss by disconnecting non- essential loads
when not required. This protection mechanism
contributes to overall system reliability, safety, and
efficiency, making the EV ‘s electrical architecture
more robust. By providing visual feedback, the LCD
improves transparency and confidence in the vehicle
‘s electrical system. Operators can monitor the EV ‘s
power distribution and detect anomalies without
requiring external diagnostic tools. This enhances both
safety and usability of the system.

An ESP32 microcontroller serves as the intelligent
control unit of the system, managing voltage
regulation, power distribution, and monitoring tasks.
The microcontroller continuously measures voltage
and current at multiple points, ensuring that each
subsystem receives its required power. It adjusts the
switching duty cycles of the DC-DC converter in real
time to maintain stable outputs.

I1l. CONTROL STRATEGY

This project focuses on the design of a high- efficiency
multi-output DC-DC converter that provides stable
and regulated power for different subsystems within
an electric vehicle. The converter ‘s multi-output
design allows it to supply power efficiently to various
EV subsystems, without the need for multiple
independent converters. By employing advanced
switching techniques and optimized circuit topology,
the system minimizes energy losses and enhances
overall conversion efficiency. EVs need multiple
voltages for motors, sensors, controllers, and
electronics.

Using separate converters is inefficient and causes
energy loss. Multi-output DC-DC converter provides
all voltages from a single battery. ESP32 monitors and
controls power distribution to all components. BMS
protects the battery by monitoring charge, discharge
and temperature. LCD display real-time voltage,
current and system status. Relay control loads and
provides fault protection. Integrated system improves
efficiency, safety and reliability for Ev’s. Easy
integration with motors motor drives and auxiliary
electronics.
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o ESP32 microcontroller manages Voltage regulation,
switching and monitoring.

e BMS ensures battery safety by monitoring charge,
discharge and temperature.

e Optimized circuit reduces power loss and enhances
overall system efficiency.

A. Input Modules

Input modules serve as the primary interface between
the external environment and the electronic system.
They are responsible for collecting raw data from
sensors, switches, or other peripheral devices. In an
embedded system, inputs can include analog signals
such as temperature, voltage, or current, as well as
digital signals from buttons, motion sensors, or
communication interfaces. The accuracy and
reliability of the system heavily depend on the quality
of the input modules. These modules often include
signal conditioning circuits like amplifiers, filters, and
analog-to-digital converters to ensure that the signals
are compatible with the processing units.
Additionally, proper isolation techniques are used to
protect the system from electrical noise or surges.
Input modules are critical for real-time applications,
where timely and accurate data acquisition directly
affects system performance. They provide the
foundation for intelligent decision-making by
capturing all necessary parameters from the
environment. This ensures that operates within safe
limits, prolonging lifespan and maintaining reliability.

B. Processing Modules

Processing modules act as the brain of the system,
interpreting the data collected by input modules and
generating  appropriate  responses.  Typically
implemented using microcontrollers,
microprocessors, or digital signal processors, these
modules execute embedded software or firmware to
perform calculations, logic operations, and control
algorithms.

The processing module evaluates incoming data
against predefined conditions, thresholds, or
algorithms, enabling real-time decision-making. In
advanced systems, processing modules can
implement artificial intelligence or machine learning
algorithms to adapt behavior based on historical data.
They also manage communication between input and
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output modules, ensuring that correct control signals
are sent promptly. Efficiency, speed, and reliability of
the processing module are critical, as delays or errors
can compromise the overall system performance.
Processing modules often include memory storage to
log system data, support debugging, and enable
predictive maintenance. Proper design ensures
seamless coordination between inputs and outputs for
optimized system operation.

C. Output Modules

Output modules provide the means to interact with the
external environment or users by converting
processing signals into actionable results. They can
include actuators, displays, LEDs, motors, relays, or
communication interfaces depending on the system ‘s
application. Output modules receive digital or analog
signals from the processing module and execute the
corresponding action, such as turning on a motor,
displaying information, or activating an alarm. Signal
amplification, driver circuits, and protection elements
are often integrated to ensure that outputs are delivered
safely and reliably.

High-precision applications require outputs with
minimal delay and high accuracy. Additionally, some
output modules provide feedback to the processing
system, enabling closed-loop control for improved
stability and efficiency. By effectively translating
decisions from the processing module into real-world
actions, output modules complete the functional cycle
of the system.

IV. SIMULATION RESULTS

The designed multi-output DC-DC converter was
tested under various load conditions to evaluate its
performance in supplying multiple voltages to EV
subsystems. Experimental results show that the
converter successfully provided stable outputs for all
designated voltage rails, including 12V, 5V, and 3.3V,
without significant voltage drops. The ESP32- based
control system maintained precise voltage regulation,
even when the loads fluctuated rapidly, demonstrating
the effectiveness of the feedback and control
mechanisms. Real-time monitoring through the LCD
display confirmed minimal deviation from setpoint
values, indicating reliable voltage regulation.
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Fig .2. Power management in EV

These results highlight the system ‘s capability to
efficiently manage power distribution across motors,
sensors, controllers, and electronic modules
simultaneously. Efficiency tests indicated that the
converter achieved an overall efficiency of
approximately  92-95% under nominal load
conditions.

The optimized circuit design, including proper
selection of switching components and passive
elements, minimized power losses due to heat and
resistive elements. Comparative analysis with single-
output DC-DC converters revealed that the multi-
output approach reduced total energy loss significantly
by eliminating the need for multiple discrete
converters. The converter-maintained load regulation
within 2% across all outputs when the current
demand varied between light and heavy loads. Ripple
voltage measurements revealed peak- to-peak values
below 50 mV for 5V and 12V outputs, which is within
acceptable limits for sensitive electronics.

The low ripple and noise levels demonstrate that the
ESP32-controlled switching and proper filter design
effectively suppress voltage fluctuations. Such stable
output ensures the reliable operation of
microcontrollers, sensors, and communication
modules within the EV system. The results underscore
the suitability of the converter for high- precision
applications where voltage integrity is critical.
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Overall, the results demonstrate that the high-
efficiency multi-output DC-DC converter
successfully meets the design objectives for modern
electric vehicles. It provides stable, low-ripple, and
efficiently regulated voltages while integrating
seamlessly with battery management and load control
systems. The efficiency improvement and compact
design reduce energy losses and enhance overall
vehicle performance. The successful implementation
of this converter indicates that multi-output designs
are a feasible and advantageous approach for EV
power management. These findings suggest that
future research could explore further optimization of
switching strategies, advanced control algorithms, and
integration with smart vehicle energy management
systems to improve performance, safety, and energy

efficiency.
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V. CONCLUSION

The Project successfully designed and implemented a
high efficiency multioutput DC-DC converter tailored
for electric vehicle applications. The system provides
multiple voltage outputs from a single battery source,
efficiently powering motors, sensors, controllers, and
electronic subsystems. The ESP32 microcontroller
was used for precise voltage regulation, switching
control, and real-time monitoring, while the LCD
display provided instant feedback on system
performance. The integration of relays and a Battery
Management System (BMS) ensured safe operation,
protecting both the battery and connected loads from
overcurrent, overvoltage, and thermal risks.
Experimental validation confirmed the system ‘s
ability to deliver stable outputs under varying load
conditions, meeting the design objectives.

Therefore, the design of high-efficiency DC-DC
converters is a key factor in achieving improved
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energy utilization, better system reliability, and
enhanced driving range. The development of a high-
efficiency multi-output DC-DC converter plays a vital
role in meeting the growing performance demands of
next-generation electric vehicles, ensuring that they
remain both energy-efficient and environmentally
sustainable.

The successful implementation of this multi- output
DC-DC converter has important implications for next-
generation electric vehicles. By consolidating
multiple voltage rails into a single, efficient system,
the design reduces component count, saves space,
and lowers overall vehicle weight. The modular
design allows easy scalability for future EV models
with higher power demands or additional subsystems.
The integration with BMS and load-control relays
ensures enhanced safety and fault tolerance, which is
critical for automotive applications. The system
ensures drivers benefit from consistent performance,
longer range, and enhanced safety. Furthermore, the
modular design makes it suitable for various vehicle
models and future technological upgrades. Overall, the
approach reflects a balanced focus on performance,
reliability, and operational safety. By combining
hardware efficiency with intelligent  control
algorithms, the power management unit achieves high
overall performance.

.|I\_

5 o |
EJ' i

Fig.5. Output of Power Management in EV
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