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ABSTRACT

This pipe inspection robot aims at detecting the exact location of leakage and clearing the blockages, thus removing human factors
from labor-intensive and dangerous work, thereby reducing the number of accidents that happen due to the lack of regular
inspection. Detection Pipe leakage, water distribution system.

An autonomous pipe crawler robot is designed to navigate through pipelines, offering a practical and efficient solution for
inspecting and monitoring the condition of pipe interiors. This robot leverages advanced locomotion mechanisms and control
strategies to maneuver through various pipe diameters and configurations, including straight sections, bends, and junctions.
Equipped with sensors and cameras, it can detect anomalies such as cracks, corrosion, blockages, and leaks, providing real-time,
high-resolution imagery and data.

This technology significantly reduces the need for manual inspections, minimizes human exposure to hazardous environments,
and improves the precision and efficiency of pipeline maintenance operations.

The development of pipe crawler robots represents a significant advancement in the field of robotics and infrastructure
management, promising enhanced safety, reliability, and cost-effectiveness for industries reliant on extensive pipeline networks.
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INTRODUCTION

Robots are used to do dangerous or labor-intensive tasks, especially in places where humans can't easily access them. The
Expanding The use of this project is that robots are used in more industries now, including many heavy productions. This pipe
crawler device can be used as a robot that is helpful for inspecting pipelines in industrial plants. It is important because this robot
can be used as a pipeline to transport water, fuel, and gas. The benefits of using these robots for pipeline tasks are that they are
cost-effective and safer.

We can install pipelines in places where it is difficult for humans to reach out and do the maintenance work. We can carry out the
pipe inspection through a device called Pipe Inspection Gauges, and an ultrasonic sensor is also used to find the cracks in pipes.

In the future, as technology improves, robots will become even more helpful in managing infrastructure. They are also simple to
design and easy to use. Through this pipe crawler robot, maintenance of pipes can be done, which is cost-effective. The range of
functioning of this robot is 6 inches to 8 inches in diameter, and it can also move freely throughout to maximize the inspection
process.
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DESIGN OVERVIEW

A pipe crawler robot is a specialized robot designed to traverse through pipes, conduits, or other cylindrical structures for
inspection, maintenance, or repair purposes.

Ultrasonic Sensors:

Ultrasonic sensors can be very useful for pipe crawler robots. They can help the robot detect obstacles or changes in pipe diameter
as it navigates through the pipe. By emitting ultrasonic waves and measuring the time it takes for them to bounce back, the robot
can determine the distance to nearby objects or walls within the pipe. This information can be crucial for navigation and avoiding
collisions. Additionally, ultrasonic sensors are often compact and energy-efficient, making them suitable for use in robotic systems
with limited space and power constraints.
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Figure-1

Humidity Sensor:

A temperature and humidity sensor for a pipe crawler robot machine could be crucial for monitoring environmental conditions
within the pipe. You might want to consider sensors that are small, durable, and capable of withstanding harsh conditions.
Additionally, sensors with wireless capabilities could allow for real-time data transmission to the operator.

Bluetooth Module:

Using a Bluetooth module for a pipe crawler robot machine can enable wireless communication between the robot and a control
station or mobile device. Look for modules that offer a good range, low power consumption, and reliable connectivity, as they will
be essential for seamless operation in challenging environments such as pipes.

/’_
//— Ground

Tx (Transmitting)

State

(Bluetooth Module)

Figure-3
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Motor Driver:

Selecting a motor driver for a pipe crawler robot machine depends on factors like the type of motors used (DC motors, stepper
motors, etc.), required voltage and current ratings, control interface compatibility, and size constraints. Look for motor drivers that
offer sufficient power output, protection features, and compatibility with your control system, such as Arduino or Raspberry Pi.
Popular motor driver I1Cs include L298N, L293D, and TB6612FNG.
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Figure-4
Arduino Uno:

Utilizing an Arduino Uno for a pipe crawler robot machine is a practical choice. With its versatility and ample 1/O pins, the Arduino
Uno can control motors, read sensor data, and manage communication. However, ensure the components you choose (such as
motor drivers, sensors, and communication modules) are compatible with the Arduino Uno's specifications and suitable for the
environmental conditions the robot will encounter within the pipes. Additionally, consider power management and durability for
prolonged operation.
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Figure-5

Camera:

High-resolution cameras provide visual inspection capabilities to identify cracks, corrosion, blockages, or other abnormalities.
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LCD Display:

LCDs are used to display arbitrary images, which can be used to display words, images, and digits. The LCD used in this project
has a dimension of 16x2, i.e., two rows where each row can produce 16 characters.

Figure-6

Inertial Measurement Unit (IMU):

IMU sensors help in determining the robot's orientation and motion within the pipe.
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Figure-7

Control System:

The robot's control system includes onboard processors and software algorithms to process sensor data, make navigation decisions,
and control the robot's movements.

Power Supply:

A power supply is responsible for converting electrical energy into other forms. In this project a power supply of +12V is enough
for total circuit.
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WORKING

We can find out about gas leakage in our robot. Nowadays all transportation is taking place through pipeline, but due to leakage
there is often a risk of loss of life and property.

Our robot moves on the pipe and with the help of sensors it detects both leakage and temperature. It is also connected to an LCD
display which shows the value. With the help of ultrasonic sensor, it informs about every obstruction in its path. It also has a buzzer
which also gives audible warning. It is remote controlled.

Its wheels which are connected to the motor driver can be easily rotated 360 degrees, forward and backward. It remains connected
to our mobile or system through Bluetooth module and we are aware of the danger of leakage in the pipeline and provides
time for rescue.

APPLICATIONS

e Pipe Crawler Robot is inspecting the situation inside the pipe which will be recorded and displayed on the monitor screen.

e it also facilitates working personnel for effective observation , detection , quick analysis, and diagnosis.

e Itisuseful in Conventional Power Plant, Refineries, Chemical and Petrochemical Plant

e Save comprehensive investment , improve work efficiency , more accurate detection .

CONCLUSION

By leveraging state-of-the-art robotics principles, mechanical design expertise, and a safety-focused approach, the pipe crawler
robot can navigate complex piping systems with precision and reliability. Its ability to access confined spaces and withstand harsh
environmental conditions makes it an invaluable tool for conducting inspections, maintenance, and repairs within critical
infrastructure.

Furthermore, the continuous evolution of pipe crawler robot technology holds promise for further enhancing its capabilities, such
as integrating advanced sensors for real-time data collection, implementing autonomous navigation systems for increased
efficiency, and optimizing materials and design for enhanced durability and performance.

In summary, the development and utilization of a pipe crawler robot represent a paradigm shift in how we approach maintenance
and inspection tasks in industries such as nuclear power generation. By harnessing the power of robotics, we can improve safety,
optimize operations, and pave the way for a more sustainable and efficient future.
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FUTURE SCOPE

e  The future scope of pipe crawler robots is characterized by continuous innovation and evolution, driven by advancements
in robatics, Al, sensor technology, and data analytics.

e By embracing these opportunities for improvement, pipe crawler robots have the potential to revolutionize maintenance
and inspection practices across industries, contributing to increased safety, efficiency, and sustainability.

e  Future pipe crawler robots could integrate advanced sensors, such as LiDAR, ultrasonic sensors, and infrared cameras, to
enhance their inspection capabilities. These sensors would enable more accurate detection of defects, cracks, corrosion,
and other anomalies within pipes, allowing for proactive maintenance and minimizing the risk of failures.

e Implementing wireless communication and data transmission capabilities would enable pipe crawler robots to relay
inspection data in real-time to operators or centralized control systems. This instantaneous feedback would facilitate
quicker decision-making and more efficient management of maintenance activities.
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