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CHAPTER 1 INTRODUCTION:

Energy is one of the most important requirements for modern society.

The demand for electricity is increasing continuously in domestic,
industrial, transportation, and communication fields. Due to this increasing
demand, there is a need to develop alternative energy generation methods
that are renewable, pollution-free, and capable of utilizing wasted energy.

In many systems, energy is wasted in the form of vibration, pressure, heat,
and motion. Railway tracks experience continuous vibration and mechanical
stress whenever a train passes over them. The vibration produced by train
movement is normally unused. This project uses piezoelectric sensors to
convert the vibration and pressure produced by train movement into
electrical energy.

Piezoelectric materials have the special property of generating electrical
voltage when mechanical pressure, vibration, or stress is applied to them.
This property is known as the piezoelectric effect. By placing piezoelectric
sensors at suitable positions near railway tracks or in a model track setup,
the vibration energy produced by train movement can be converted into
electrical energy.

The generated electrical energy can be rectified, filtered, stored in a battery
or supercapacitor, and then used for low-power applications. This project is
mainly designed to demonstrate the concept of energy harvesting from
railway track vibration using piezoelectric technology.

4. A. Gupta 2022 Smart Railway Track Energy Harvesting Using Piezo
Sensors The work presents smart sensors embedded in railway tracks to
harvest energy and monitor structural health simultaneously.

5. M. N. Rao 2021 Hybrid Energy Harvesting from Rail Vibrations This
paper introduces a hybrid system combining piezoelectric and
electromagnetic methods to improve efficiency.

6. P. S. Kumar 2020 Energy Harvesting for Railway Monitoring
Systems Focuses on powering railway monitoring and signaling devices
using vibration energy harvesting techniques.

CHAPTER 2
LITERATURE SURVEY:

1. Singam Shetty 2025 Enhanced Piezoelectric Vibration Energy
Harvester This study focuses on converting railway track vibrations into
electrical energy using piezoelectric materials for low-power applications
like sensors.

2. S. Bhalla 2024 Piezoelectric Energy Harvesting from Railway Track
Vibrations This study focuses on converting railway track vibrations into
electrical energy using piezoelectric materials for low-power applications
like sensors.

3. RXK. Sharma 2023 Railway Vibration Based Energy Harvesting
System This research explains a system that captures mechanical energy
from train movement and stores it using rectifiers and batteries.
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7. J. Patel 2019 DC Power Conversion in Piezoelectric Energy
Harvesters Discusses rectifier circuits, DC-DC converters, and storage
systems used in vibration energy harvesting setups.

8. V. Ramesh 2018 Wireless Railway Monitoring Using Piezoelectric
Energy Harvesting This research explains the use of piezoelectric harvesters
to generate power for wireless railway monitoring and safety systems.

9. K. Arun Kumar 2017 Vibration Energy Harvesting from Railway
Tracks Using Piezo Sensors The study focuses on capturing vibration energy
from moving trains and converting it into usable electrical power for small
electronic devices.

PROBLEM STATEMENT:

When trains move on railway tracks, a large amount of vibration and
mechanical pressure is produced due to the heavy load and high movement
of the train. This vibration energy is normally wasted and is not used for
any productive purpose.

At the same time, railway systems require electrical energy for low-power
applications such as track monitoring sensors, warning indicators, LED
lights, signal support units, and IoT-based safety devices. Supplying
electricity to remote railway locations may be difficult, costly, and
sometimes unreliable.

Therefore, the problem is to design a system that can harvest vibration energy
produced by moving trains and convert it into usable electrical energy using
piezoelectric sensors. The system should be simple, eco-friendly, and
suitable for demonstrating energy conversion from mechanical vibration to
electrical energy.

Railway systems generate continuous mechanical vibrations due to train
movement, but this energy is currently wasted and dissipated into the
environment. At the same time, railway infrastructure requires reliable and
continuous power for monitoring systems, sensors, and signals devices,
especially in remote locations where conventional power supply is difficult
or expensive.

OBJECTIVES:

¢ To generate electricity from railway track vibrations using piezoelectric
Sensors.

* To convert and store the generated electrical energy efficiently
¢ To demonstrate an eco-friendly vibration energy harvesting system.

The primary objective of the Train Vibration Energy Harvesting system is
to utilize the mechanical vibrations produced by railway tracks during train
movement and convert them into useful electrical energy using piezoelectric
sensors. When a train passes over the rails, it creates continuous dynamic
vibrations due to heavy axle loads, wheel-rail interaction, and track
irregularities. These vibrations are generally wasted energy; however, by
employing piezoelectric materials, this mechanical stress can be effectively
converted into electrical charge. The generated energy can then be
processed and stored for practical applications, making the system an
efficient method of energy recovery from existing railway infrastructure.
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CHAPTER 3

METHODOLOGY:

The methodology of the Train Vibration Energy Harvesting system
is based on the systematic conversion of mechanical vibrations
from railway tracks into usable electrical energy through
piezoelectric transducers and efficient power conditioning circuits.
The entire process begins with the identification of vibration
sources, where the movement of trains over railway tracks
generates continuous mechanical stress and oscillations due to
wheel-rail interaction, load impact, and track surface irregularities.
These vibrations act as the primary energy input for the system.

In the first stage, piezoelectric sensors or piezoelectric transducer
elements are strategically mounted beneath or on the railway
sleepers or track structure. When a train passes, the mechanical
pressure and vibrations cause deformation in the piezoelectric
material, resulting in the generation of an alternating electrical
charge due to the piezoelectric effect. This output is typically low
in voltage and fluctuates according to vibration intensity, train
speed, and load conditions.

In the second stage, the generated AC electrical signal is passed
through a rectification unit, usually a bridge rectifier circuit, to
convert the alternating current into direct current. Since the output
is still unstable and low in magnitude, a filtering capacitor is used to
smooth the waveform and reduce ripples. This ensures a more
stable DC output suitable for further processing.

The third stage involves voltage regulation and power enhancement
using a DC-DC boost converter. This converter steps up the low
harvested voltage to a usable level depending on the load
requirements. It also ensures consistent power delivery even when
vibration intensity varies. This regulated energy is then directed
toward an energy storage unit.
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Fig 1: Block diagram of train vibration energy
Block Diagram Explanation:

The train movement produces vibration and pressure on the railway
track. The piezoelectric sensor array converts this
mechanical
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vibration into electrical voltage. The generated AC voltage is
passed through a bridge rectifier, which converts it into DC
voltage. A capacitor filters the output and reduces fluctuations. The
energy is stored in a battery or supercapacitor. A boost converter
can be used to increase and regulate the voltage. Finally, the energy
is used to power a small load such as an LED, sensor, warning
indicator, or IoT device.

The circuit of the Train Vibration Energy Harvesting System is
designed to convert railway track vibrations into usable electrical
energy. The system mainly consists of a piezoelectric sensor array,
bridge rectifier, filter capacitor, DC-DC boost converter, storage
unit, and load section.

CIRCUIT FLOW:
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Figure 2: Circuit flow of the piezoelectric

The above block diagram represents the complete working flow of
the Train Vibration Energy Harvesting system, which converts
mechanical vibrations from railway tracks into usable electrical
energy for small electronic applications.

The process begins with the Piezoelectric Sensor Output, where
piezoelectric discs are placed on or beneath the railway track
structure. When a train passes, vibrations and mechanical stress are
applied to the sensor, generating electrical energy based on the
piezoelectric effect.

WORKING:

The working of the Train Vibration Energy Harvesting system is
based on converting mechanical vibrations from railway tracks into
electrical energy using piezoelectric technology and power
conditioning circuits. When a train moves over the railway tracks,
it creates continuous vibrations due to heavy axle loads, wheel-rail
contact, and track irregularities. These vibrations act as a source of
mechanical energy.

In the first stage, piezoelectric sensors are installed on or beneath
the railway track structure. When vibrations occur, the
piezoelectric material experiences mechanical stress and
deformation. Due to the piezoelectric effect, this mechanical stress
is directly converted into an electrical signal in the form of
alternating current (AC) voltage. However, this output is small and
unstable.

In the next stage, the generated AC voltage is passed through a
bridge rectifier circuit, which converts it into direct current (DC).
Since the output still contains fluctuations, a filter capacitor is used
to smooth the waveform and obtain a more stable DC signal. After
filtering, the energy is transferred to the energy storage unit, such as
a rechargeable battery or supercapacitor. This unit stores the
harvested energy so it can be used even when no vibrations are
present, ensuring continuous availability of power.
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CHAPTER 4

ADVANTAGES:
» Converts waste railway vibrations into useful electrical energy.

*  Works as a renewable and clean energy source with zero fuel
usage.

* Helps reduce environmental pollution and carbon emissions.

» Based on Piezoelectric Effect, so it is efficient for vibration-
based energy generation.

+ Low maintenance because it has no complex rotating parts.
» Cost-effective after installation (very low operating cost).

» Can power small devices like LED lights, sensors, and
monitoring systems.

» Useful for railway safety systems and smart monitoring
applications.

» Can be installed along long railway tracks for large-scale energy
collection.

» Improves railway infrastructure efficiency by utilizing track
vibrations without affecting train

movement.

* Provides continuous energy generation, as railways operate
throughout the day with frequent

vibrations.

APPLICATIONS:
* Powers railway track monitoring and safety sensors.

*  Supplies energy for LED lighting near platforms, stations, and
tunnels.

* Used in IoT-based railway condition monitoring systems.
* Supports wireless communication devices along railway tracks.

+ Can power small electronic warning systems and signal
indicators.

» Useful in smart railway infrastructure projects.

* Helps in remote monitoring systems where grid power is not
available.

+ Can be used for environmental sensing (temperature, vibration,
stress monitoring on tracks).

* Can be used for self-powered railway surveillance and security
systems.

FUTURE SCOPE:

*  More piezoelectric sensors can be connected in series and
parallel to increase voltage and

current output.

* Advanced piezoelectric materials can be used to improve energy
conversion efficiency.

» Power management circuits can be improved for better storage
and output regulation.

* The generated power can be used for railway safety sensors and
warning systems.

* The model can be tested under real railway track vibration
conditions with proper safety

permission.

* A hybrid system can be developed by combining piezoelectric
energy harvesting with solar

energy.
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* A mobile app or dashboard can be created to monitor energy
generation performance.

* The system can be designed as a self-powered railway track
health monitoring unit.

» Large-scale implementation can be studied for smart railway
infrastructure.

The Train Vibration Energy Harvesting System is based on the
principle of converting mechanical energy into electrical energy.
When a train moves over railway tracks, it produces continuous
vibrations due to its heavy load and high speed. These vibrations
create mechanical stress on energy harvesting devices placed near
or on the tracks.

The system mainly uses materials like piezoelectric elements that
generate electrical charge when subjected to mechanical strain.
This working principle is known as the Piezoelectric Effect.

CONCLUSION:

This project presents a method for generating electricity from
railway track vibration using piezoelectric sensors. When a train
passes over the track, vibration and mechanical pressure are
produced. This mechanical energy is converted into electrical
energy by piezoelectric sensors. The generated voltage is rectified
using a bridge rectifier, filtered using a capacitor, and stored in a
battery or supercapacitor. The stored energy can be used for low-
power applications such as LEDs, sensors, warning indicators, and
IoT monitoring units.

Although piezoelectric energy harvesting cannot generate very high
power, it is useful for low- power and self-powered applications.
The project provides an eco-friendly method of using wasted
vibration energy and demonstrates the practical application of
piezoelectric materials in renewable energy generation.

The Train Vibration Energy Harvesting System demonstrates an
effective method for converting wasted mechanical vibrations from
railway tracks into useful electrical energy using the Piezoelectric
Effect. The project successfully shows how renewable energy can
be generated from everyday railway operations without the need
for additional fuel or external power sources. By utilizing
piezoelectric sensors along with rectification, voltage regulation,
and energy storage circuits, the system is capable of producing
stable electrical power for low-power applications.
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