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Abstract— This project presents the design and implementation of a DC-DC
buck converter for substation auxiliary power applications. Substations require
reliable low-voltage DC supply for control circuits, protection relays,
communication equipment, and monitoring systems. The proposed buck
converter efficiently steps down a higher DC input voltage to a regulated lower
output voltage suitable for these sensitive loads. The converter employs a high-
frequency switching technique using a power semiconductor device, along with
an inductor, diode, and filter capacitor to minimize ripple and improve
efficiency.

The design focuses on achieving stable output voltage, reduced switching
losses, and compact size, making it suitable for modern substations where space
and reliability are critical. Simulation and hardware results demonstrate that the
converter maintains good voltage regulation under varying load conditions. The
developed system provides high efficiency, fast transient response, and
improved power quality compared to conventional linear regulators. Therefore,
the proposed DC-DC buck converter is an effective and economical solution
for providing regulated DC supply in substation auxiliary systems.
Keywords:

DC-DC buck converter, substation auxiliary supply, step-down converter,
voltage regulation, switching converter, power electronics, high efficiency,
ripple reduction, PWM control, and load regulation.
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LIntroduction: Electrical substations require a reliable
and regulated DC power supply for operating control
circuits, protection relays, communication systems, and
monitoring equipment. These auxiliary systems are
sensitive and demand stable low-voltage DC power for
proper functioning. However, the available DC sources
in substations are often at higher voltage levels, which
must be stepped down efficiently to meet the
requirements of these loads. Therefore, an efficient DC-
DC conversion technique is essential.

A DC-DC buck converter is widely used for stepping
down a higher DC voltage to a lower regulated DC
voltage. It operates on high-frequency switching
principles using power semiconductor devices, which
results in high efficiency and reduced power losses
compared to linear regulators. The buck converter
mainly consists of a switching device, diode, inductor,
and capacitor that work together to provide smooth and
regulated output voltage with minimal ripple.

In this project, a DC-DC buck converter is designed
specifically for substation auxiliary power applications.
The main objective is to obtain a stable and efficient low-
voltage DC output from a higher DC input. The proposed
system focuses on improving voltage regulation,
reducing ripple content, and enhancing overall
efficiency. Due to its compact size, high efficiency, and
reliable performance, the DC-DC buck converter is
suitable for modern substation environments where
continuous and dependable power supply is required.

I1.Literature Survey

The design and development of DC-DC buck converters
have been extensively studied, particularly in
applications requiring efficient power conversion and
regulation. This literature survey highlights key
contributions from IEEE papers and other scholarly
sources that inform the current project

1. Design and Control of DC-DC Buck Converters

A comprehensive study by S. K. Jain and V. Agarwal
(2009) presents a detailed analysis of design
considerations for DC-DC buck converters,
emphasizing the importance of control strategies to
achieve stable and efficient operation. The authors
discuss various modulation techniques and their impact
on converter performance, providing valuable insights
for designing converters suitable for industrial
applications, including substations.
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Reference:

Jain, S. K., & Agarwal, V. (2009). Design and control
of DC-DC buck converters. IEEE Transactions on
Industrial Electronics, 56(3), 850-859.

2. Overcurrent Protection in DC-DC Converters

The paper by M. S. R. S. Kumar and N. Mohan (1992)
addresses the issue of overcurrent protection in DC-DC
converters. The authors propose a novel method for
detecting and limiting overcurrent conditions, which is
crucial for ensuring the safety and reliability of
converters used in critical applications such as
substations.

Reference:

Kumar, M. S. R. S., & Mohan, N. (1992). Overcurrent
protection in DC-DC converters. IEEE Transactions
on Power Electronics, 7(4), 569-577.

3. Thermal Management in Power Converters

In their 2010 paper, J. W. Kolar et al. discuss thermal
management  strategies for power  converters,
highlighting the importance of efficient heat dissipation
to maintain performance and longevity. The study
provides guidelines for designing converters with
adequate thermal management, which is essential for
applications in environments with stringent thermal
constraints, such as substations.

Reference:

Kolar, J. W., Fuchs, F. W., & Zach, F. (2010). Thermal
management in power converters. IEEE Transactions
on Power Electronics, 25(4), 1024-1033.

4.Isolated & High-Voltage Converter Topologies
(wide-input / high-gain)

Reviews of isolated converter topologies (full-bridge,
half-bridge, LLC, isolated buck-boost families) show
designers prefer multi-stage or transformer-based
isolation for high DC bus voltages. Isolated topologies
trade complexity for galvanic isolation and high step-
up/down capability — important for substations with
wide or high DC rails.

Reference:

Coelho, S. (2025). Topological Advances in Isolated
DC-DC Converters.

5.Multiport & Bidirectional Converters for Grid /
Substation Interfaces

Multiport and bidirectional isolated converters are
receiving attention for grid applications (ESS, VSC
links), offering flexible power flow, galvanic isolation
and high reliability. Reviews emphasize converter
modularity, active thermal balancing and control
strategies for safe bidirectional operation.
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Reference: Alam, M. A. (2024). Isolated bidirectional
DC-DC Converter

III. Objectives:

e To design and implement a DC-DC buck converter
circuit capable of stepping down a higher DC input
voltage to a stable, regulated lower DC output voltage.

e To study how high power conversion efficiency can be
achieved by minimizing switching and conduction losses
through proper component selection and circuit design.

e To demonstrate the working principle of a buck
converter in real-world applications such as battery
charging, embedded systems, and power supply
modules.

e To study the behaviour and selection criteria of key
components like the MOSFET, inductor, diode, and
capacitor for optimal performance.

eTo implement a feedback control mechanism (if
applicable) for maintaining precise output voltage
regulation.

e To measure and analyse the converter’s performance
parameters such as output voltage ripple, load regulation,
efficiency, and transient response.

eTo ensure safe operation, thermal stability, and
protection features in the design for reliable long-term
performance.

IV. Methodology

The methodology for the study and design of the DC-DC
buck converter for substation applications involves
analyzing the converter topology, selecting appropriate
components, and evaluating the performance of the
system. The proposed system converts a higher DC input
voltage into a lower regulated DC output voltage suitable
for auxiliary equipment in substations.

1. System Design Approach:

The design of the buck converter begins with identifying
the input voltage, desired output voltage, and load
current requirements of the substation auxiliary system.
Based on these parameters, suitable components such as
switching devices, inductors, capacitors, and diodes are
selected.

The converter is designed to operate using high-
frequency switching techniques in order to achieve high
efficiency and compact size.

2.BuckConverter Circuit Configuration:

The basic buck converter circuit consists of the following
main components:

¢ DC input voltage source

e Power semiconductor switch (MOSFET or IGBT)

e Diode

e [nductor
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e Output capacitor
e [ oad resistance

The switching device is controlled using a Pulse Width
Modulation (PWM) signal that regulates the duty cycle
and determines the output voltage level.
3. Operating Principle:
The buck converter operates in two main switching
states.
ON State
When the switching device is turned ON, the input
voltage is applied across the inductor. The diode
becomes reverse biased and the inductor stores energy
while the current increases gradually. During this
period, energy is supplied to the load and capacitor.
OFF State
When the switching device is turned OFF, the diode
becomes forward biased and provides a path for the
inductor current. The stored energy in the inductor is
transferred to the load and output capacitor, maintaining
continuous current flow.
4. Output Voltage Control:
The output voltage of the buck converter is controlled by
adjusting the duty cycle of the PWM switching signal.
The relationship between input and output voltage is
given by:

Vo=D*Vi,
Where,
¢ V,= Output voltage
¢ Vi, = Input voltage
e D = Duty cycle
By controlling the duty cycle, the converter maintains a
stable output voltage even when the input voltage or load
conditions vary.
5. Performance Evaluation:
The performance of the proposed buck  converter is
evaluated based on the following parameters:
¢ Output voltage regulation
o Efficiency of the converter
e Output voltage ripple
e Stability under varying load conditions.
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V. Block Diagram

Mur anc

Fig MM bk o e rer

This block diagram shows the complete working of a
DC-DC buck converter based power supply/control
system. It illustrates how AC mains power is processed,
controlled, and converted to a stable DC output while
providing protection and feedback control. The block
diagram illustrates the overall working of a DC—DC buck
converter system. The process begins with the main
supply, which is first passed through a step-down stage
to reduce the voltage to a suitable level for driving the
control circuit. This signal is fed to an oscillator,
which generates high-frequency switching pulses
required for the converter operation. The oscillator
output drives the inductor and output capacitor, which
together form the energy storage and filtering stage,
ensuring smooth DC output to the load.

To regulate the output, a feedback circuit continuously
monitors the output voltage and compares it with a
reference. Based on this feedback, the switching
controller adjusts the duty cycle of the oscillator to
maintain a stable output voltage despite load variations.
A Schottky diode is used in the freewheeling path,
allowing the inductor current to continue flowing when
the switch is OFF, thereby preventing current
interruption and reducing losses. The ground connection
stable operation of the entire
Additionally, a current sensor monitors the main line

ensures circuit.
current and provides protection against overload. The
sensed signal is fed to a relay switch, which can
The
controlled output is finally delivered to the load
transformer and then supplied to the load through a relay

disconnect the circuit under fault conditions.

system, ensuring both safety and reliability
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VI. Circuit Diagram
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1. AC Power Source
This is the main input supply (230 V AC).
It provides electrical power to the circuit.

In real substations, the supply may come from AC mains
or battery systems.

2.Transformer

The transformer steps down the high AC voltage to a
lower AC voltage.

It also provides electrical isolation.

Example:

230 VAC — 110 VAC

3. Rectifier (Bridge Rectifier)

The rectifier converts AC voltage into DC voltage.
It uses four diodes arranged in a bridge.

Output becomes pulsating DC.

4.Filter Capacitor

The capacitor smooths the pulsating DC.

It reduces ripple and produces almost constant DC
voltage.

Now the circuit gets DC input.

5. MOSFET (Switching Device)

The MOSFET acts as a high-speed electronic switch.

It turns ON and OFF rapidly using PWM (Pulse Width
Modulation).

This switching is the main working principle of the buck
converter.

6. Inductor

The inductor stores energy when the MOSFET is ON.
It releases energy when the MOSFET is OFF.

This helps to reduce voltage and smooth current.

7.Diode (Freewheeling Diode)
When the MOSFET turns OFF, the inductor current
needs a path.
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The diode provides this path so current continues
flowing.

8.Output Capacitor
The capacitor filters the output again.
It removes ripple and gives smooth DC voltage.

9.Load

The load is the device using the output power.
Example:

Relay

Control circuit

Small motor

LED
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