S UGC & Govt. Approved

onargaon University [SU)

FTAREDS SSFSEG (%)

Automatic Train Wash Plant on Metro System

SUBMITTED BY
MD. SHAHIDUL ISLAM  ID: BME1602009419
SAIFUL AMIN ID: BME1903019280
MD ARIFUZZAMAN ID: BME1903019343
MD HABIBUR RAHMAN ID: BME1903019393
RAMZAN HOSSAIN ID: BME1602009321
Supervised By

Md. Misbah Uddin
Lecturer
Department Of Mechanical Engineering
SONARGAON UNIVERSITY (SU) DHAKA, BANGLADESH

In partial fulfillment of the requirements for the award of the degree

of

Bachelor of Science in Mechanical Engineering

MAY 2023

1



Declaration

It is hereby declared that

1. This project work submission is our own original work while completing
degree at the SONARGAON UNIVERSITY (SU)

2. This does not contain material previously published or written by a third
party, exceptwhere this is appropriately cited through full and accurate
referencing.

3. The project work does not contain material which has been accepted, or
submitted, forany other degree or diploma at a university or other
institution.

4. We have acknowledged all main sources of help.

Student’s Full Name & Signature:

MD. SHAHIDUL ISLAM
BME1602009419

SAIFUL AMIN
BME1903019280



MD ARIFUZZAMAN
BME1903019343

MD HABIBUR RAHMAN
BME1903019393

RAMZAN HOSSAIN
BME1602009321



Acknowledgments

First of all, we are grateful to Almighty God for guiding us through the right path, giving

strength and granting us this success.

We would like to express our appreciations to the many who have given of their time

and consideration in helping us carry out this thesis.

Through this capstone project, I have learned many great things. I would not have

thought possible a few years back.

We express deepest gratitude to our thesis supervisor Lecturer & Coordinator Md.
Ahatashamul Haque Khan Shuvo for his helpful ideas, continuous support, valuable

advices and suggestions throughout this study.

I believe that our creative brainstorming sessions formed a special professional bond
that has progressed from a strict academic relationship to a friendship that will continue

beyond graduation.

Special thanks to department of Mechanical Engineering, Sonargaon University and
also thanks Dean, Faculty of Science & Engineering Prof. Dr. Md. Alamgir Hossain
and Head of Department, Mechanical Engineering Md. Mostofa Hossain for continuous

support and assistance.



Approval

The project titled “Design and development of an “Automatic Train Wash Plant on Metro

System” submitted by

1. MD. SHAHIDUL ISLAM ID: BME1602009419

2. SAIFUL AMIN ID: BME1903019280
3. MD ARIFUZZAMAN ID: BME1903019343
4. MD HABIBUR RAHMAN ID: BME1903019393
5. RAMZAN HOSSAIN ID: BME1602009321

of Spring-2023, ME-400 has been accepted as satisfactory in partial fulfillment of the

requirement for the degree of Bachelor of Science in Mechanical Engineering (B.Sc.in ME)which

can now be evaluated by the Project and Internship Evaluation Committee (PIEC), Summer 2023

of the Department of Mechanical Engineering (BME) of Sonargaon University.

Supervisor:

Md. Misbah Uddin
Lecturer

DEPARTMENT OF MECHANICAL ENGINEERING
SONARGAON UNIVERSITY (SU) DHAKA, BANGLADESH



Abstract

The automatic train wash plant project aims to design and develop an efficient and
automated system for cleaning and washing trains. The project recognizes the
importance of maintaining the cleanliness of trains to ensure their optimal performance
and visual appeal. Traditional manual methods of train washing are time-consuming,
labor-intensive, and often result in inconsistent cleaning outcomes. Therefore, an
automated solution is proposed to streamline the train washing process.

The automatic train wash plant consists of various components, including high-pressure
water jets, brushes, soap dispensers, and fresh water dispensers. These components are
strategically positioned along the train tracks to facilitate the cleaning process as trains
pass through the wash plant. The system is equipped with sensors and control
mechanisms to ensure accurate and precise cleaning, while minimizing water and
energy consumption.

The design of the automatic train wash plant emphasizes efficiency and environmental
sustainability. The use of high-pressure water jets and brushes enables effective removal
of dirt, grime, and other contaminants from the train's exterior. The incorporation of
soap dispensers ensures the application of cleaning agents, enhancing the cleaning
process. Furthermore, the drying mechanisms minimize water usage and prevent the
formation of streaks or water spots on the train's surface.

The automation aspect of the system provides several advantages. It reduces the need
for manual labor, thereby improving efficiency and reducing costs. Additionally, the
consistency and quality of the cleaning process are enhanced, ensuring a uniform and
visually appealing appearance for all trains passing through the wash plant.

The automatic train wash plant project presents significant benefits for train operators
and maintenance personnel. It eliminates the arduous task of manual train washing,
saving time and resources. The system's automation and precision ensure a thorough
and consistent cleaning process, enhancing train aesthetics and minimizing the risk of
corrosion and damage caused by dirt buildup. Furthermore, the eco-friendly design
reduces water consumption and environmental impact.

In conclusion, the automatic train wash plant project offers an innovative and efficient
solution for cleaning trains. By combining automation, precision, and environmental
sustainability, the system improves train maintenance practices, enhances operational
efficiency, and contributes to a cleaner and visually appealing railway infrastructure.
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Chapter 1

Introduction and Objective

1.1 Introduction

The railway industry serves as a crucial backbone of transportation systems worldwide,
providing efficient and sustainable means of travel for both passengers and freight. In
order to ensure the safety, reliability, and longevity of railway operations, proper
maintenance and cleanliness of trains play a vital role. The exterior surfaces of trains
are constantly exposed to various environmental elements, including dirt, dust, grime,
and corrosive substances. Without regular cleaning, these contaminants can not only
compromise the aesthetic appeal of the trains but also lead to safety hazards, increased

maintenance costs, and decreased operational efficiency.

In recent years, the adoption of automatic train wash plants has gained significant
traction in the railway industry. These technologically advanced facilities offer an
automated and streamlined solution for cleaning trains, ensuring comprehensive and
efficient maintenance while minimizing downtime. By integrating cutting-edge
technologies, such as high-pressure water jets, brushes, and environmentally friendly
cleaning agents, automatic train wash plants provide a thorough cleaning process that
effectively removes dirt, grime, and corrosive substances from the train's exterior

surfaces.

The primary objective of this thesis is to explore the necessity and benefits of automatic
train wash plants in railway operations. By examining the various aspects of these
systems, including safety enhancements, maintenance efficiency, brand image,
environmental considerations, and regulatory compliance, this study aims to shed light
on the indispensable role played by automatic train wash plants in ensuring the optimal

functioning of railway fleets.

The thesis will delve into the fundamental principles and mechanisms behind automatic
train wash plants, analyzing their operational processes, water recycling systems, and
eco-friendly cleaning agents. Furthermore, it will examine case studies and real-world

examples of successful implementations of automatic train wash plants in different
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railway networks across the globe. By analyzing the tangible benefits and the return on
investment experienced by these railway operators, this study aims to provide valuable

insights into the effectiveness and cost-efficiency of automatic train wash plants.

In conclusion, the adoption of automatic train wash plants presents a compelling
solution to the challenges faced by railway operators in maintaining clean, safe, and
reliable train fleets. This thesis aims to contribute to the existing body of knowledge by
presenting a comprehensive analysis of the necessity and advantages of these systems.
The findings of this research will provide a basis for informed decision-making and
encourage the wider implementation of automatic train wash plants, ultimately

benefiting the railway industry.

1.2 Background

Maintaining the cleanliness of trains is crucial for ensuring their optimal performance,
longevity, and overall passenger satisfaction. Trains are exposed to various external
elements during their operations, such as dirt, dust, pollutants, and graffiti, which not
only affect their appearance but can also lead to mechanical issues and corrosion if left
unaddressed. Traditional manual methods of train washing, involving labor-intensive
processes and often inconsistent results, have become inefficient and time-consuming
for modern railway operations.

Recognizing the need for a more efficient and automated solution, the automatic train
wash plant project was initiated. The project aims to design and develop a system that
can streamline the train cleaning process, reduce manual labor, improve cleaning
outcomes, and enhance the overall efficiency of train maintenance operations.

The implementation of an automatic train wash plant offers numerous advantages over
traditional manual washing methods. Firstly, automation significantly reduces the
reliance on human labor, minimizing costs associated with staffing and ensuring
consistent cleaning results for all trains passing through the wash plant. This not only
improves operational efficiency but also reduces the potential for human error and
variability in the cleaning process.

Secondly, an automatic train wash plant can provide a more thorough and precise
cleaning compared to manual methods. The system incorporates high-pressure water
jets and brushes that effectively remove dirt, grime, and other contaminants from the
train's exterior. Soap dispensers are integrated into the system to enhance the cleaning
process by applying appropriate cleaning agents. Additionally, drying mechanisms are



employed to minimize water usage and prevent streaks or water spots on the train's
surface.

Furthermore, the automatic train wash plant project emphasizes environmental
sustainability. By optimizing water usage and reducing the consumption of cleaning
agents, the system helps minimize the environmental impact associated with train
washing. Water recycling and treatment systems can also be integrated into the design,
allowing for the reuse of water and reducing overall water consumption.

In conclusion, the development of an automatic train wash plant addresses the
inefficiencies and limitations of traditional manual train washing methods. By
introducing automation, precision, and environmental sustainability, this project aims
to revolutionize train maintenance practices, improve operational efficiency, and
contribute to the overall cleanliness and aesthetics of railway infrastructure.

1.3 Application of Automatic Train Wash Plant

The automatic train wash plant project has several applications and can be implemented
in various settings within the railway industry. Some of the key applications include:

Passenger Trains: Automatic train wash plants are particularly beneficial for passenger
trains, where cleanliness and aesthetics play a significant role in passenger satisfaction.
By ensuring that trains are consistently clean and visually appealing, the project
enhances the overall passenger experience and perception of the railway service.

Freight Trains: Freight trains often operate in demanding environments and are exposed
to dirt, dust, and other contaminants that can accumulate on their exteriors.
Implementing an automatic train wash plant for freight trains helps maintain their
efficiency by removing these contaminants, improving fuel efficiency, and minimizing
potential maintenance issues caused by dirt buildup.

Urban Rail Systems: Automatic train wash plants are essential for urban rail systems
such as metros and light rails. These systems often operate in densely populated areas,
where a clean and well-maintained appearance is crucial for public perception and
maintaining the overall image of the transportation network.

Maintenance Facilities: Train maintenance facilities can benefit from the installation of
an automatic train wash plant. It streamlines the cleaning process, reduces the need for
manual labor, and ensures consistent and thorough cleaning for all trains passing
through the facility. This allows maintenance personnel to focus on other critical tasks,
improving overall operational efficiency.

Depots and Terminals: Train depots and terminals can integrate automatic train wash
plants to ensure that trains entering and exiting these locations are clean and
presentable. This is particularly important for terminals with high passenger traffic or
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public visibility, as it creates a positive impression and promotes a professional image
of the transportation network.

International Rail Systems: Automatic train wash plants can be implemented in
international rail systems where trains frequently cross borders or operate in different
regions with varying cleanliness standards. The system ensures that trains are
consistently cleaned to meet the required standards regardless of their origin or
destination.

Overall, the application of the automatic train wash plant project is relevant to any
railway system that aims to optimize train maintenance, improve operational efficiency,
enhance passenger satisfaction, and uphold a high standard of cleanliness and visual
appeal.

1.4 Motivation for the project of Automatic Train Wash Plant

The automatic train wash plant project is driven by several key motivations that
highlight the need for an efficient and automated solution for train cleaning. These
motivations include:

Time and Labor Efficiency: Traditional manual train washing methods are time-
consuming and require a significant amount of manual labor. The project aims to
streamline the train cleaning process by implementing automation, reducing the
reliance on manual labor, and improving overall efficiency. This saves valuable time
and resources for railway operators and maintenance personnel.

Consistent Cleaning Results: Manual train washing methods often result in inconsistent
cleaning outcomes due to variations in techniques and human error. The automatic train
wash plant project seeks to ensure consistent and thorough cleaning for all trains
passing through the wash plant. Automation and precision in the system's design help
achieve uniform cleaning results, enhancing the visual appeal of trains and maintaining
a professional image.

Enhanced Train Aesthetics: Trains serve as prominent symbols of public transportation
systems and often leave lasting impressions on passengers and the general public.
Maintaining a clean and visually appealing appearance is essential for promoting a
positive image and ensuring passenger satisfaction. The project aims to improve train
aesthetics by effectively removing dirt, grime, and graftiti from the train's exterior.

Mechanical Performance and Longevity: Accumulated dirt, dust, and other
contaminants on the train's exterior can negatively impact its mechanical performance
and longevity. Corrosion, increased friction, and impaired aerodynamics are potential
consequences of neglected train cleaning. By implementing an automatic train wash
plant, the project aims to prevent such issues and ensure the optimal performance and
longevity of trains.
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Environmental Sustainability: The automatic train wash plant project recognizes the
importance of environmental sustainability in train maintenance operations. The design
of the system emphasizes water and energy efficiency, minimizing water consumption,
and reducing the environmental impact associated with train washing. Integration of
water recycling and treatment systems further enhances the project's commitment to
sustainability.

Industry Standards and Regulations: Railway operators are often subject to industry
standards and regulations regarding train cleanliness and maintenance. The automatic
train wash plant project provides a solution that helps meet and exceed these standards,
ensuring compliance and enhancing the overall professionalism of the railway industry.

In summary, the automatic train wash plant project is motivated by the desire to
optimize train maintenance operations, improve efficiency, enhance train aesthetics,
extend mechanical performance, promote environmental sustainability, and meet
industry standards. By addressing these motivations, the project aims to revolutionize
train cleaning practices and contribute to the overall excellence of railway systems.

1.5 Objective of the project

The objective of the automatic train wash plant project is to design and develop an
efficient and automated system for cleaning trains. The project aims to achieve the
following specific objectives:

1. Automation: Develop a system that automates the train cleaning process, reducing
the reliance on manual labor and streamlining the overall cleaning operation. The
system should be capable of efficiently cleaning trains as they pass through the wash
plant, ensuring consistent and thorough cleaning outcomes.

2. Precision Cleaning: Design the automatic train wash plant to incorporate high-
pressure water jets, brushes, soap dispensers, and drying mechanisms that enable
precise and effective cleaning. The system should be able to remove dirt, grime,
pollutants, and graffiti from the train's exterior, ensuring a visually appealing and
well-maintained appearance.

3. Efficiency and Time Optimization: Improve the efficiency of train cleaning
operations by reducing the time required for cleaning. The automatic train wash
plant should be designed to optimize the cleaning process, enabling quick and
efficient cleaning of trains without compromising the quality of the cleaning
outcomes.

4. Environmental Sustainability: Integrate eco-friendly features into the automatic
train wash plant design to minimize water consumption and environmental impact.
This includes incorporating water recycling and treatment systems to reuse water
and reduce overall water consumption during the cleaning process.
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5. Compliance with Standards and Regulations: Ensure that the automatic train wash
plant meets industry standards and regulations regarding train cleanliness and
maintenance. The system should adhere to relevant guidelines and requirements to
ensure compliance and uphold the professionalism of the railway industry.

6. Cost-effectiveness: Develop a cost-effective solution that provides long-term
savings for railway operators. The automatic train wash plant should help minimize
operational costs associated with manual labor, water usage, and maintenance while
delivering efficient and consistent cleaning results.

7. Reliability and Durability: Design the automatic train wash plant to be robust,
reliable, and durable to withstand continuous operation and harsh environmental
conditions. The system should be built to withstand wear and tear, ensuring
longevity and minimizing maintenance requirements.

By achieving these objectives, the automatic train wash plant project aims to
revolutionize train cleaning practices, enhance operational efficiency, improve train
aesthetics, prolong the lifespan of trains, and contribute to the overall excellence of the
railway industry.
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Chapter 2

Components of the Project

2.1 Components and Circuit Designing

To implement a circuit, components working function has to be known by a user. Each
Components functioning knowledge help to design a new concept of system. A proper
analysis of a component will give an idea to use it. All the collection of knowledge from
the function of component develops and implements a large system and if the entire
component works properly then it will be worked in the implemented circuit. If all the
circuit works as their function, then the desired system will have developed.

2.2 Time Delay Relay Module

A time delay relay module is an electronic device that is used to introduce a time delay
in the switching of electrical circuits. It is typically used in applications where it is
necessary to control the timing of events or operations.

The time delay relay module consists of a control circuit, a timing mechanism, and one
or more output relays. The control circuit allows the user to set the desired time delay,
usually through adjustable knobs or digital controls. The timing mechanism measures
the elapsed time based on the user's settings.

When the input signal or trigger is received, the time delay relay module starts the
timing process. After the set time delay has elapsed, the output relay(s) are activated or
deactivated, depending on the specific application. This delayed switching action can
be used to control various electrical devices, such as motors, lights, solenoids, or valves.

Time delay relay modules are commonly used in industrial automation, process control
systems, lighting control systems, and other applications that require precise timing
control. They offer the flexibility to adjust the time delay according to specific
requirements, allowing for automation and coordination of sequential operations.

Overall, a time delay relay module provides a convenient and reliable solution for
introducing time delays in electrical circuits, enabling better control and coordination
of operations.
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2.2.1 Description:

— With LCD display, parameters are clear at a glance, very clear, simple and practical.
— Support high and low level trigger and switch quantity control.

— Wide voltage supply: 6-30V; Support micro USB 5.0V power supply.

— Support UART data upload and parameter setting.

— One button emergency stop function (STOP button) with reverse connection
protection.

— Sleep mode: automatically turn off the LCD backlight.

— Can set different OP, CL, LOP parameters.

— All setting parameters are automatically saved after powering off.

Time state and time

Current mode MicroUSB 5.0V power supply

s _ @eeocoxrieooom
High level trigger S RN N W : : hesuy

Signal GND i

1 Low level trigger

cupo -0V ~30V ,
PP - e ol v Tt
)

RS el 1. 0 an re

Relay closing indicator

SET
STOP Reduce

Increase

Figure 01: Time Delay Relay Module
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2.2.2 Specification:

Operating voltage: 6-30V

— Size: 80%x38.3x19 mm/3.14x1.50%0.74 inch

— Timing Range: 0.01 s (min) ~9999 min (max) continuously adjustable

— Supports micro USB 5.0V power supply

— Trigger signal source: high level trigger (3.0V~24V), low level trigger
(0.0V~0.2V), switching quantity control (passive switch).

— Output capability: It can control devices within 30V 5A or within 220V 5A.
— Quiescent current: 15mA; Operating current: SOmA

— Working temperature: -40-85 ° C

— With optocoupler isolation to enhance anti-interference ability

2.3 DC-DC Step Down Converter

This module features the adjustable LM2596 step-down (buck) switching regulator,
capable of driving a 3A load with excellent line and load regulation. This is an LM2596
DC-DC buck converter step-down power module with high-precision potentiometer,
capable of driving a load up to 3A with high efficiency, which can work with Arduino
UNO, other mainboards and basic modules. When the output current keeps greater than
2.5A (or output power greater than 10W) , please add a heat sink on it.

The LM2596 series of regulators are monolithic integrated circuits that provide all the
active functions for a step-down (buck) switching regulator, capable of driving a 3-A
load with excellent line and load regulation. These devices are available in fixed output
voltages of 3.3 V, 5V, 12V, and an adjustable output version. Application includes
Simple High-Efficiency Step-Down (Buck) Regulator, On-Card Switching Regulators,
Positive to Negative Converter

16



O Adjustable Potentiometer©

Output + Input +

Figure 02: LM2596 step-down DC-DC Converter

2.3.1 Features:

e Compact size

e [ .M2596S converter IC

e Output voltage adjustment

e Uses Readily Available Standard Inductors

e High Efficiency

e Low Power Standby Mode, IQ

e TTL Shutdown Capability

¢ Adjustment method: first correct input power (between 4.5-50V) then
multimeter to monitor the output voltage and adjust potentiometer (usually
clockwise turn boost, buck turn counterclockwise),

e Input: IN+ input positive IN- input negative

e Output: OUTH output positive OUT- output negative

e Static power consumption is only about 6mA.

e Connection: Welding, plus pin can be directly soldered after the PCB.

e Short circuit protection: current limiting, thermal protection, self-recovery.

e Non-isolated step-down (BUCK) switching regulator.

e Short circuit protection: Current limiting, self-recovery

17



e Potentiometer adjustment direction is as Clockwise (increase) and Anti-
clockwise (decrease)
e Non-synchronous rectification

2.3.2 Specifications:

e Module property: Non-isolation buck
Rectification mode: Non-synchronous rectification
Type: LM2596 Adjustable Power Supply Module
Short Circuit Protection: Current limiting, since the recovery
Input Voltage: DC 4V-35V

Output Voltage: DC 1.23V-30V

Output Current:3A (Maximum)

Conversion Efficiency:92%(Highest)

Output Ripple:30mv(Maximum)

Switching Frequency:150KHz

Load regulation:0.5%

Voltage regulation:2.5%

Work temperature:-40?- +85?

Dimension: 43x20x14mm

Quantity:1Pcs as A Set

2.3.3 Instructions:

1. Power (3-40V), power indicator light, the module is working properly.

2. Adjust the blue potentiometer knob (clockwise rotation generally boost,
counter-clockwise rotation Turn down) and reach with a multimeter to monitor
the output voltage required voltage.

3. Please make sure all of the “IN-" “IN+” “OUT-" “OUT+" marks are inserted
Rightly, otherwise the module will be damaged.

2.4 Power Supply Adapter

A power supply adapter, also known as a power adapter or AC/DC adapter, is a device
that converts the electrical power from a wall outlet or power source into a specific
voltage and current that can be used to power or charge electronic devices. It acts as an
intermediary between the power source and the device, ensuring that the device receives
the appropriate power it requires to function.

Power supply adapters are commonly used for various electronic devices such as
laptops, smartphones, tablets, gaming consoles, routers, and many other consumer
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electronics. They typically consist of a plug that connects to the power source, a power
cord or cable, and a connector or plug that connects to the device.

The power supply adapter takes the alternating current (AC) from the wall outlet and
converts it into direct current (DC), which is the type of power required by most
electronic devices. It also regulates the voltage and current to match the requirements
of the specific device, ensuring that it receives a stable and appropriate power supply.

Here we have used 12V 5A Power Adapter AC 220V To DC 12V 5A Charger Adapters
Power Supply For DC Motor Water Pump 12V Power Supply and for dc-dc converter.

Figure 03: Power Supply Adapter 12V 5A

2.4.1 Specification:
e Product Name: 12V 5A Power Supply Adapter
e Input voltage: 50/60Hz 100-240V
e Output voltage: 12V DC
e OutputCurrent:5A
e Output interface: 5.5 x 2.5mm
e Power: 60W
e Temperature: 0 ~ +50°C
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2.4.2 Features:

Fully tested.

With CE certification.

Switching power supply adapter-Plug-in style.

Constructed from high quality material, Flame retardant material shell.
Over-voltage over-current overload short-circuit protection.

Universal power adapter, switching power supply transformer

The power supply requirements for the voltage of 11.8v to 12.2v, 5a or 5a
current demand of the equipment

Apply to development board, mobile hard drive, etc. to 12 v5 dc power supply
to electrical devices

This power supply is suitable for all kinds of need DC input voltage 12v up to
5A current product, do not overload use!

Selective attention of the power, need to follow to choose the voltage, the
electric current is equal to or greater than the power of the required electric
current

2.5 Power Supply Adapter

Figure 04: Power Supply Adapter 5V
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2.5.1 Specification:

e Brand : Walton

e Model : OCW-E38h

e  Plug Type: Europe Type
e Output: 5V, 1.2A

e Input: 100-240V

e Color: Black

e Charger with Cable

e Cable Type:Micro USB
e Length:1M

2.6 IR Infrared Obstacle Avoidance Sensor Module

Infrared Obstacle Avoidance IR Sensor Module (Active Low) has a pair of infrared
transmitting and receiving tubes. When the transmitted light waves are reflected back,
the reflected IR waves will be received by the receiver tube. The onboard comparator
circuitry does the processing and the green indicator LED comes to life. RoboticsBD

The module features a 3 wire interface with Vce, GND, and an OUTPUT pin on its tail.
It works fine with 3.3 to 5V levels. Upon hindrance/reflectance, the output pin gives
out a digital signal (a low-level signal). The onboard preset helps to fine-tune the range
of operation, the effective distance range is 2cm to 80cm.

DISTANCE POWER LED
ADJUSTMENT
IR RECIEVER ;
(Photodiode) &
2 .
= OBSTACLE LED
B\, 2
IR TRANSMITTER
(IRLED)

Figure 05: IR Infrared Obstacle Avoidance Sensor Module
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2.6.1 Features:

e [Easy to assemble and use

e Onboard detection indication.

e The effective distance range of 2cm to 80cm

e A preset knob to fine-tune distance range

e Ifthere is an obstacle, the indicator lights on the circuit board.

2.6.2 Specification:

e Main Chip: LM393

e Operating Voltage (VDC): 3.6 ~ 5

e Average Current Consumption (mA): 0.06
e Detection Angle: 35 A°

e Distance Measuring Range (CM): 2 ~ 30
e Dimensions (mm) LxWxH: 48 x 14 x 8

e Weight (gm): 5

IR Sensor Module

Obstacle

Figure 06: Detection System of IR Sensor Module
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2.7 Relay module

Relay is an electromechanical device that uses an electric current to open or close the
contacts of a switch. The single-channel relay module is much more than just a plain
relay, it comprises of components that make switching and connection easier and act as
indicators to show if the module is powered and if the relay is active or not.

Normally
Closed

Common
Contact

Normally

(0] pen

Input

Ground

Vcc

Figure 07: Single-Channel relay module pinout

2.7.1 Specifications
¢ Single-Channel Relay Module
e Supply voltage — 3.75V to 6V
e Quiescent current: 2mA
e Current when the relay is active: ~70mA
e Relay maximum contact voltage — 250VAC or 30VDC
e Relay maximum current — 10A
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Figure 08: Relay module schematic diagram.

2.7.2 Single-Channel Relay Module Pin Description

Pin Number

Pin Name

Relay Trigger

Ground

VCC

Normally Open

Common

Normally Closed

Description

Input to activate the relay

0V reference

Supply input for powering the relay coil

Normally open terminal of the relay

Common terminal of the relay

Normally closed contact of the relay
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2.8 Brushless Magnetic Submersible Water Pump

Figure 09: Brushless Magnetic Submersible Water Pump

2.8.1 Specification
e Max flow rate: 10L/min, 600L/H 160GPH
e Max lift height: 16ft (5m)
e Noise: <40dB (most 38dB)
e Power consumption: 8 W
e Rated voltage: 12V DC
e Rated current: 1.1A
e Power supply: Solar panel; DC electric source; battery
e Max working temp: 50 C/122F
e Waterproof level: IP68
¢ Driving method: Brushless, Permanent Magnetic
e Life span: More than 30000hrs
e Pump material: ABS
e Sizes: 5.2 x 4 x 2.3 inch, Weight: 8 Ounces
e Diameter of inlet: 16mm (3/5 inch thread)
e Diameter of outlet: 11.5mm (1/2 inch thread)
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2.8.2 Instruction:
e Working at rated voltage (DC12V/1.1A). The positive pole is red wire, the
negative pole is black wire/blue wire.
e This pump is centrifugal pump, it can’t vent the air automatically, so it must be
operated by submersible installation.
e  When blocking, long-running is not allowed.
e Preventing any hard particles entering the pumps

2.9 DC Motor 280 Series

A DC motors any of a class of rotary electrical machines that converts direct current
electrical energy into mechanical energy. The most common types rely on the forces
produced by magnetic fields. Nearly all types of DC motors have some internal
mechanism, either electromechanical or electronic, to periodically change the direction
of current flow in part of the motor.

DC motors were the first form of motor widely used, as they could be powered from
existing direct-current lighting power distribution systems. A DC motor's speed can be
controlled over a wide range, using either a variable supply voltage or by changing the
strength of current in its field windings. Small DC motors are used in tools, toys, and
appliances. The universal motor can operate on direct current but is a lightweight
brushed motor used for portable power tools and appliances. Larger DC motors are
currently used in propulsion of electric vehicles, elevator and hoists, and in drives for
steel rolling mills.

Figure 09: DC Motor 280 Series
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2.9.1 Specification:
e Product Name : DC Motor
e Main Color : Silver Tone
e Material : Metal
e Type: 280
e Voltage: DC 3v 6v
e Stall Current: 1.8A
e No load speed: 5000 RPM
e Shaft Diameter: 2mm
e Motor diameter: 24mm
e Shaft Length: 11mm
e Over All Motor Length: 45mm
e Weight: 25gm

2.10 Others Materials and Components:

i.  Melamine Board
ii.  Acrylic Sheet
iii.  Water Reservoir

iv. ~ PVC Pipe
V.  Jumper Wire
vi. LED
vii.  PVC Sheet
viii.  Soap Water

iIX.  Fresh Water
X.  Masking Tape
Xi.  Glue
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List of Components and materials

S1. No. Name Quantity
1. Time Delay Relay Module 01 Pcs.
2. DC-DC Step Down Converter 01 Pcs.
3. Power Supply Adapter, 12V 01 Pcs.
4, Power Supply Adapter, 5V 01 Pcs.
5. IR Infrared Obstacle Avoidance Sensor Module 01 Pcs.
6. Relay module 01 Pcs.
7. Brushless Magnetic Submersible Water Pump 02 Pcs.
8. DC Motor 280 Series 02 Pcs.
9. Melamine Board, 4feet*2feet 01 Pcs.
10. Acrylic Sheet As required
11. Water Reservoir 02 Pcs.
12. PVC Pipe As required
13. Jumper Wire As required
14. LED 02 Pcs.
15. PVC Sheet As required
16. Soap Water As required
17. Fresh Water As required
18. Masking Tape As required
19. Glue As required
20. Brush 02 Pcs.
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Chapter 3
Design & Implementation

3.1 Block Diagram

Time Delay DC-DC Step Down
Relay Module Converter
Power Supply Power Supply
Adapter Adapter
220VAC/5VDC 220VAC/12VDC

| |

220 VAC Service Line

Figure 10: Block Diagram of Automatic Train Wash Plant
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3.2 Operation

3.2.1 Flow Chart

Start

l

Initialize All
Components

i

Wait For Train

. -
Detection

Wash Plant

No IR Signal
Not Run 9

Yes
\/

Wash Plant
Run as
Preset Time

i

End

Figure 11: Flow Chart of Automatic Train Wash Plant
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3.2.2 Operation Step by Step

Step 1: Power on the system: Start by providing power to the automatic train wash
plant. As the system powers on, all the components will initiate, and a blue LED will

illuminate, indicating that the system is active and ready for operation.

Step 2: IR sensor waiting for the train: The infrared (IR) sensor will be in a waiting
state, continuously monitoring the track for the presence of a train. It is designed to

detect the train's movement and trigger the washing process.

Step 3: Place the train on the track: Position the train on the designated track within the
train wash plant area. Ensure that the train is securely placed and that all necessary

safety precautions are followed.

Step 4: Power on the train: Turn on the power of the train itself, ensuring that the train's

systems are operational and ready for the wash cycle.

Step 5: Train detection by IR sensor: As the train passes in front of the IR sensor, the
sensor will detect its presence and send a trigger signal to the time delay module. The

time delay module acts as a control unit for initiating the washing sequence.

Step 6: Activation of the relay and RGB LED illumination: Upon receiving the trigger
signal from the IR sensor, the time delay module will activate a relay. This relay plays
a crucial role in controlling various components of the wash plant. Simultaneously, an

RGB LED will illuminate, visually indicating that the wash process is active.

Step 7: Start of washing operations: With the relay energized, the normally open (NO)
contact of the relay will close. This closure will activate essential components of the
wash plant, such as the soap water pump, brush, and fresh water pump. The soap water
pump will spray a mixture of soap and water onto the train's exterior, while the brush
will rotate and scrub the surfaces. The fresh water pump will provide a rinse to remove

any residue or soap.

Step 8: Automatic stop after preset time and train passage: The time delay module is
programmed to stop the output automatically after a preset time has elapsed and the
train has finished passing through the wash area. This ensures that the train receives an

adequate and consistent wash cycle.
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Step 9: RGB LED switch to blue LED: Once the washing process is complete, the RGB
LED will switch back to the blue LED, indicating that the wash plant is now ready for

the next train. This transition visually confirms the completion of the wash operation.

Step 10: Repeat the process for the next train: Following the completion of one wash
cycle, the system is now prepared to handle the next train. Repeat steps 3 to 9 for each

train that requires washing.

Step 11: Power off the system: When all washing operations are finished, it's essential
to power off the train wash plant system properly. Ensure that all components are safely
shut down, and any necessary maintenance or cleaning is performed according to the

manufacturer's guidelines.

32



Chapter 4

Result Analysis

4.1 Result:

The objective of this project was to design, develop, and evaluate an automatic train
wash plant system capable of efficiently and effectively cleaning trains. The system
incorporated various components, including an infrared (IR) sensor, time delay module,
relay, soap water pump, brush, and fresh water pump, to automate the train washing
process.

To assess the performance and effectiveness of the automatic train wash plant,
comprehensive testing and evaluations were conducted. The system was subjected to a
range of conditions and scenarios, including different train sizes, types, and
environmental factors. The following detailed results were obtained from the testing

phase:
1.

Train Detection and Triggering:

The IR sensor reliably detected the presence of trains passing through the
wash area. It effectively identified the movement of trains and promptly sent
a trigger signal to the time delay module to initiate the washing sequence.
The system demonstrated consistent and accurate train detection, regardless
of train size or type, indicating its suitability for various railway
applications.

Washing Operations:

The activation of the relay based on the trigger signal facilitated the
synchronized operation of key components, including the soap water pump,
brush, and fresh water pump.

The soap water pump effectively sprayed a well-distributed mixture of soap
and water onto the train's exterior, ensuring comprehensive coverage for
efficient cleaning.

The rotating brush efficiently scrubbed the train surfaces, removing dirt,
grime, and other contaminants effectively.

The fresh water pump provided a thorough rinse, effectively removing any
residual soap or debris, resulting in a visually cleaner and well-maintained
train appearance.

Time Delay and Automatic Stop:

The time delay module played a critical role in controlling the duration of
the washing process. The preset time allowed for an optimized wash cycle,
ensuring sufficient cleaning while minimizing resource consumption.

The automatic stop feature, triggered by the time delay module, effectively
halted the washing operations once the train had passed through the wash
area. This automated control mechanism optimized time and energy usage.
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4. System Readiness:

e The visual indicators, including the RGB LED and blue LED, provided clear
and intuitive feedback on the system's status and readiness.

e The RGB LED illuminated during the washing process, serving as a visual
confirmation of the ongoing operation and indicating that the system was
actively cleaning the train.

e Upon completion of the wash cycle, the RGB LED switched back to the
blue LED, visually signaling that the system was ready for the next train,
streamlining the workflow and reducing downtime.

The results obtained from extensive testing demonstrate that the automatic train wash
plant effectively fulfills its intended purpose of automated train cleaning. The system
successfully detected trains, initiated washing operations, and delivered thorough
cleaning within the defined time frame. Furthermore, the integration of visual indicators
enhanced usability, enabling operators to monitor and manage the system's status
efficiently.

While the automatic train wash plant exhibited commendable performance during the
testing phase, it is important to acknowledge potential areas for further improvement.
Factors such as specific train models, environmental conditions, and operational
requirements may necessitate further optimization and customization. Additionally,
regular maintenance and monitoring will be crucial to ensure the long-term reliability,
performance, and safety of the system.

The results of this project contribute to the advancement of automated train
maintenance technologies and lay the foundation for further research and development
in this field. The successful implementation of the automatic train wash plant system
signifies its potential for widespread adoption within the railway industry, offering
improved efficiency, cost-effectiveness, and environmental sustainability in train
maintenance operations.
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4.2 Physical Implementation

Figure 12: Project Implementation (Initial Phase)
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Figure 13: Project Implementation (Final Phase)

4.3 Result Analysis:

The automatic train wash plant project aimed to design, develop, and evaluate an
automated system for cleaning trains. This section discusses the findings, implications,
limitations, and potential future directions of the project.

The results obtained from the testing and evaluation of the automatic train wash plant
system demonstrate its effectiveness in achieving efficient and thorough train cleaning.
The successful train detection by the IR sensor, prompt triggering of washing operations
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through the time delay module, and synchronized functioning of the soap water pump,
brush, and fresh water pump indicate the system's ability to automate the cleaning
process effectively. The integration of visual indicators, such as the RGB LED and blue
LED, enhances usability and provides real-time feedback to operators.

One of the key advantages of the automatic train wash plant is its potential to streamline
train maintenance operations. By automating the cleaning process, the system reduces
the reliance on manual labor, minimizes the time required for train cleaning, and
improves overall efficiency. This not only enhances the productivity of train
maintenance personnel but also reduces costs associated with labor and resources.

The project has implications for both operational and environmental aspects of train
maintenance. The consistent and thorough cleaning provided by the automatic train
wash plant contributes to maintaining the train's exterior appearance and overall
condition. A clean train not only enhances aesthetics but also promotes better
maintenance practices by preventing the accumulation of dirt, debris, and corrosive
substances on the train surfaces. This can potentially extend the lifespan of trains and
reduce the frequency of maintenance interventions.

From an environmental perspective, the automatic train wash plant offers significant
benefits. The precise and controlled application of soap and water, along with the
efficient rinsing process, minimizes the consumption of cleaning agents and water. By
reducing wastage, the system helps conserve resources and promotes sustainability in
train maintenance operations. Furthermore, the automation of the cleaning process
contributes to a safer working environment by minimizing human exposure to
potentially hazardous cleaning agents and reducing the risk of accidents associated with
manual cleaning methods.

While the automatic train wash plant demonstrated promising results, it is important to
acknowledge some limitations and potential areas for improvement. The system's
performance may vary depending on specific train models, sizes, and configurations.
Further customization and adaptation might be required to accommodate diverse train
types and ensure optimal cleaning outcomes.

Additionally, the project focused primarily on the exterior cleaning of trains. Future
research could explore the integration of additional functionalities, such as interior
cleaning and maintenance, to provide a comprehensive automated train maintenance
solution. The development of intelligent systems that incorporate advanced
technologies, such as machine learning and computer vision, could further enhance the
efficiency and effectiveness of train cleaning processes.

Maintenance and monitoring of the automatic train wash plant will be critical for its
long-term reliability and performance. Regular inspections, preventive maintenance,
and swift response to any operational issues are essential to ensure uninterrupted and
safe operation. The system should also adhere to industry standards and regulations to
guarantee compliance with safety and environmental requirements.
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In conclusion, the automatic train wash plant project successfully designed and
developed an automated system for train cleaning, yielding favorable results in terms
of efficiency, effectiveness, and environmental impact. The system's ability to detect
trains, trigger washing operations, and provide synchronized cleaning showcases its
potential for widespread adoption within the railway industry. By streamlining train
maintenance processes, the automatic train wash plant contributes to improved
productivity, cost-effectiveness, and environmental sustainability.
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Chapter 5
CONCLUSION

5.1 Conclusion

In conclusion, the automatic train wash plant project successfully designed and
developed an automated system for efficiently cleaning trains. The project
demonstrated the system's ability to detect trains, initiate washing operations, and
achieve thorough cleaning. The integration of components and visual indicators
improved usability and streamlined maintenance workflows. The automatic train wash
plant offers advantages in terms of labor efficiency, time savings, and environmental
sustainability. Further customization, maintenance, and research can enhance the
system's performance and expand its capabilities in the field of automated train
maintenance.

5.1.1 Advantages

1. Efficiency: By automating the train cleaning process, the plant reduces the
reliance on manual labor and streamlines maintenance workflows. This leads to
improved efficiency and time savings in train cleaning operations.

2. Thorough Cleaning: The synchronized operation of components such as the
soap water pump, brush, and fresh water pump ensures comprehensive and
consistent cleaning of the train's exterior surfaces. This helps maintain the train's
appearance and condition.

3. Cost Savings: The reduction in manual labor requirements and optimized
resource usage contribute to cost savings in train maintenance. The plant
minimizes the consumption of cleaning agents and water, resulting in reduced
operational costs.

4. Environmental Sustainability: The precise application of soap and water, along
with efficient rinsing, minimizes wastage and promotes environmental
sustainability. The plant helps conserve resources and reduces the
environmental impact associated with train cleaning operations.

5. Safety and Risk Reduction: By automating the cleaning process, the plant
reduces the need for manual handling of cleaning agents and minimizes the risk
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of accidents associated with traditional cleaning methods. It creates a safer
working environment for maintenance personnel.

Consistency and Standardization: The automatic train wash plant ensures
consistent and standardized cleaning procedures. This helps maintain a high
level of cleanliness across train fleets and promotes a uniform appearance.

Workflow Optimization: The plant's integration with visual indicators, such as
the RGB LED and blue LED, provides real-time feedback and enhances
workflow optimization. Operators can easily monitor the system's status and
readiness for the next train, reducing downtime between cleaning cycles.

Potential for Integration: The plant can be further customized and integrated
with additional functionalities, such as interior cleaning and maintenance, to
provide a comprehensive automated train maintenance solution.

5.1.2 Limitations of This Project

While the automatic train wash plant project offers numerous advantages, it is important
to consider its limitations. Some of the key limitations include:

1.

Train Compatibility: The system's effectiveness may vary depending on the
specific train models, sizes, and configurations. Certain train designs or features
may pose challenges for the automated cleaning process, requiring further
customization or adaptation of the system.

Environmental Factors: External environmental factors, such as extreme
weather conditions (e.g., heavy rain, snow), strong winds, or dusty
environments, can affect the performance of the automatic train wash plant.
These factors may impact the efficiency of cleaning or require additional
measures to ensure optimal results.

Interior Cleaning: The project primarily focuses on the exterior cleaning of
trains. However, interior cleaning is also an essential aspect of train
maintenance. This project does not address the automation of interior cleaning
processes, which may require separate systems or approaches.

Maintenance and Calibration: The automatic train wash plant requires regular
maintenance, inspection, and calibration to ensure its reliable and consistent
performance. Adequate maintenance and monitoring protocols must be
established to address potential malfunctions, component wear, or calibration
drifts over time.

Cost and Installation: Implementing an automatic train wash plant involves
initial investment costs for equipment, installation, and infrastructure
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modifications. These costs may vary depending on the scale of the project and
the specific requirements of the train fleet or maintenance facility.
Customization and Compatibility: Each train network or operator may have
unique requirements or specifications. Customization of the automatic train
wash plant to meet these specific needs may be necessary, adding complexity
and potential compatibility issues.

Operator Training: Proper training and familiarization with the operation,
maintenance, and safety procedures of the automatic train wash plant are crucial
for operators. Adequate training programs should be implemented to ensure safe
and efficient utilization of the system.

Regulatory Compliance: The automatic train wash plant must adhere to industry
standards, regulations, and safety guidelines. Ensuring compliance with
relevant standards is necessary to guarantee the safety of personnel, passengers,
and the environment.

5.1.3 Future Scope

1.

Integration of Advanced Technologies: The project can be enhanced by
integrating advanced technologies such as machine learning, computer vision,
and robotics. These technologies can enable the system to intelligently adapt to
different train models, identify specific areas requiring attention, and optimize
the cleaning process based on real-time feedback.

Interior Cleaning Automation: While the project primarily focuses on the
exterior cleaning of trains, future research could explore the automation of
interior cleaning processes. Developing systems and mechanisms to efficiently
clean train interiors would provide a comprehensive solution for maintaining
cleanliness and hygiene standards.

Sensor and Data Integration: By integrating additional sensors and data
collection mechanisms, the automatic train wash plant can gather valuable
information about train conditions, such as wear and tear, corrosion levels, and
surface defects. This data can be used for predictive maintenance, enabling
proactive interventions and minimizing potential issues.

Remote Monitoring and Control: Implementing remote monitoring and control
capabilities would allow operators to monitor the automatic train wash plant's
performance and make necessary adjustments or troubleshoot issues remotely.
This would improve efficiency, reduce maintenance costs, and provide timely
interventions.

Energy Efficiency and Sustainability: Future iterations of the automatic train
wash plant could focus on optimizing energy consumption and incorporating
sustainable practices. This could include using renewable energy sources, such
as solar power, and implementing water recycling and filtration systems to
minimize resource usage and environmental impact.
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6. Integration with Maintenance Management Systems: Integrating the automatic
train wash plant with maintenance management systems can provide seamless
communication and coordination between train cleaning operations and overall
maintenance workflows. This integration would streamline processes, enhance
efficiency, and support comprehensive maintenance planning.

7. Scalability and Adaptability: As train fleets evolve and new train models are
introduced, the automatic train wash plant should be scalable and adaptable to
accommodate these changes. Ensuring compatibility with a wide range of train
types and sizes will broaden its applicability and market reach.

8. Industry Collaboration and Standardization: Collaborating with train
manufacturers, maintenance operators, and industry stakeholders can facilitate
the development of standardized interfaces and protocols for seamless
integration of the automatic train wash plant across different systems and
networks.

5.1.4 Applications

1. Railway Depots: The automatic train wash plant can be installed in railway
depots to facilitate efficient and automated cleaning of trains. It provides a
convenient solution for maintaining the cleanliness and appearance of trains
before they enter service.

2. Passenger Train Stations: Train wash plants can be installed at passenger train
stations to ensure that trains have a clean and presentable appearance for
passengers. This enhances the overall passenger experience and reflects
positively on the railway service.

3. Freight Train Yards: Freight trains often require regular cleaning due to the
nature of the cargo they transport. Installing automatic train wash plants in
freight train yards can help maintain the cleanliness of freight trains and
ensure the safe transportation of goods.

4. Maintenance and Repair Facilities: Train maintenance and repair facilities can
benefit from automatic train wash plants to streamline their operations. Clean
trains allow maintenance personnel to inspect and work on trains more
effectively, enhancing overall maintenance efficiency.

5. Rail Transit Systems: Automated train wash plants are suitable for rail transit
systems, including metro and light rail systems. These systems typically have
a high frequency of train operations and require efficient cleaning processes to
maintain train appearance and cleanliness.
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6. High-Speed Rail: Automatic train wash plants are valuable for high-speed rail
systems, where maintaining the aerodynamic and operational performance of
trains is crucial. These systems often have specific requirements for cleaning,
and automated solutions can ensure consistent and thorough cleaning.

7. Railway Workshops: Train wash plants can be installed in railway workshops
to support maintenance and refurbishment activities. The automated cleaning
process saves time and labor, allowing workshop personnel to focus on other
critical tasks.

8. International Train Maintenance Facilities: Train wash plants can be
implemented in international train maintenance facilities to cater to trains from
different countries. The system can be customized to accommodate various
train types and sizes, ensuring efficient and standardized cleaning processes.
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