
Page No:639 www.jespublication.com 

Vol 11, Issue 5,May/ 2020 

ISSN NO: 0377-9254                                  

  

 

 

Vol 11, Issue 5,May/ 2020 

ISSN NO: 0377-9254                                  

  

 

 
 
 

 

 

PIPE MAINTENANCE ROBOT 
Mr. Ajinkya S. Deshmukh1, Mr. Ratnadeep K. Mahajan2, Mr. Shivanand A. Kasar3, 

Mr. Milind B. Gulve4 
1,2,3 UG Students, Dept. of Mechanical Engineering,  

4 Faculty, Dept. of Mechanical Engineering,  

Pravara Rural Engineering College, Loni, India 

 

Abstract— Normally robots are designed in such 

a way that they eliminate human involvement 

from labor-intensive and hazardous work 

environments. Sometimes they are also used to 

explore inaccessible workplaces which are 

generally inaccessible for humans. Pipelines 

require maintenance after some period because 

fatigue and creep failure happens due to 

continuous changes in the atmospheric 

conditions. The inspection and internal 

maintenance of pipes come in the same category 

because they may carry toxic chemicals and 

fluids. Most of the time, small internal diameters 

and bends in the piping structures become 

inaccessible for humans. For the same purpose, 

the In-pipe maintenance robot is designed to 

mitigate the labor requirements and for working 

into inaccessible environments. After some 

period, every pipeline requires checkup and 

maintenance to confirm their safety and 

integrity. So, in-pipe inspection robots are used 

to inspect various pipeline elements internally 

such as straight pipelines, elbows, and T-joints. 

In-pipe inspection robot not only inspects the 

pipes of various sizes but also finds the defects 

and obstacles in the pipes. The maintenance head 

provided to it repairs the cracks by applying a 

patch on it with the help of a patch sticking 

mechanism. 

The robot we are manufacturing offers a 

solution to the pipe leakages by providing a 

repairing process inside the pipe network. The 

robot can detect the leakages maneuvering inside 

the pipe with the help of cameras provided on it, 

and an operator having the digital console to 

control it. After detecting any flaw, it is able to 

repair it by applying a patch on it automatically 

or manually on the inside wall of the pipe. It is 

possible to repair pipeline leaks internally 

without the need for replacing the defective 

sections with minor leaks.  
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1. INTRODUCTION 

Robotics is one of the fastest developing 

engineering fields today. Robots are designed to 

eliminate the human factor from labor concentrated 

or hazardous work and also to act in the environment 

nearly inaccessible to human beings. The use of 

robots has been more common in daily routine than 

and ever before. They are mostly used by large 

production industries. The Visual Inspection in 

pipes such as water pipelines, gas pipelines, 

chemical pipelines, etc. for cracks and leakages may 

be relevant for improving safety and efficiency in 

industrial plants. For the visual inspection of pipes, 

the embedded system is used using a camera, 

sensors, LED light, etc. in the robot. The underwater 

robot operations such as inspection, maintenance, 

etc. are done and thus, the application of the robots 

seemed to be one of the most attractive solutions and 

effective one-time investment. 

The pipeline is the main tool of conveyance. 

Many types of pipes are being used to convey 

important lifelines such as water and gas in our 

society. Pipelines that are used for conveying oils, 

gases and other fluids such as chemicals that are 

bound to be explosive at higher temperatures have 

been used as major advantages in a number of 

industries for an extended time. Many defects occur 

in pipelines as they become old and most of them are 

caused by cracks, corrosion, and mechanical 

damage from third parties. So, the inspection and 

maintenance of these pipelines are important. If the 

defects in the pipe are caused by aging, corrosion, 

rust, and natural calamity then it is difficult to find 

out the defects and the place of the defects, and also 

there is a great amount of loss. If we plan to do that 

inspection manually then much amount of your 

time, effort, and labor are essential to grub out the 

pipes that are buried within the ground. The 

installation or replacement of pipelines implicates 

high cost and use of heavy types of machinery, such 

as cranes. In addition, side effects may occur, such 

as construction sites placed along streets, blocking 
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pedestrian and traffic tracks. If the robot can inspect 

and repair inside the pipes, fast and effortless 

maintenance at a low cost. 

So to reduce the labor efforts and the inconvenience 

happening to the traffic at the pipe maintenance site 

we are trying to develop the robot, which can repair 

the pipe with minimum labor help and without 

damaging the streets and highways. 

2. PROBLEM STATEMENT 

Pipe Maintenance is very important for the 

proper Transportation of material(fluid) from one 

place to another. But maintenance is not an easy 

task. Harmful substances that are accumulated in the 

pipe make it very difficult for a human to work in 

pipes. The changing diameter of pipe from a few 

millimeters to several meters is also a major factor. 

To overcome the size variation problem and to 

prevent human intervention in pipe maintenance an 

in-pipe robot with suitable features has to be 

developed in the project. 

3. PROJECT OBJECTIVES 

During the execution of the projects we have 

specific and transparent objectives. These include 

the following: 

● Inspection of pipe. 

● Provide ease of access to the operator to 

reach the location of the damage. (to 

reduce the human efforts)  

● Carry out maintenance procedures. 

4. LITERATURE REVIEW 

Ana Sakura Zainal Abidin made a device and 

the device has proven to be able to clean soft to 

moderate levels of blockage efficiently. Therefore, 

their device is suitable to be used for regular 

cleaning processes. In order to improve the function 

of the device, there are a number of 

recommendations being proposed. [1] 

Ankit Nayak et al. concluded that the screw-

type in-pipe inspection robotic mechanism has many 

advantages as compared to other mechanisms. In 

this view, a Screw Type In-pipe inspection robot has 

been designed in this work to perform inspection 

related activities inside a pipe of diameters ranging 

from 127 mm to 152 mm. Kinematic and dynamic 

analyses are performed to understand the behavior 

of the proposed model in the vertical, inclined, and 

horizontal pipeline with Y or L bends. [2] 

 

According to Michał Ciszewski, Tomasz 

Buratowski, The modeling approach with the use of 

differential kinematics and iterative solution of 

inverse kinematics problems can be successfully 

used for control of closed kinematic chains, but it is 

necessary to enhance the model with custom 

structure-dependent rules. The results of the 

experiments with the prototype lead to the 

conclusion that it is advantageous to utilize an active 

chassis with adaptation capabilities to apply one 

robot for different types of environments with 

restricted access. [3] 

According to Zengxi Pan and Zhenqi Zhu After 

more than 10 years of a research effort by many 

researchers in many countries, existing MPRs are 

able to negotiate pipes with an internal diameter as 

small as 10 mm. The speed of MPRs has reached 

100 mm/s with a load of 136 g while traveling in a 

horizontal pipe, and 56 mm/s with a load of 78 g 

while moving up in a vertical pipe. Microsensors, 

small CCD cameras, and miniature hands can be 

equipped for special inspection and operations in 

various applications. [4] 

Mr. Ritesh R. Dhumal, Mr. Hemant H. Patil et 

al. have described a comprehensive review of 

applications of Pipe Inspection Robot and its 

applications in detail. Various types of robots used 

until then are also detailed. They also said that robot 

technology is found more effective than 

conventional methods of pipe inspection. [5] 

The construction and steering mechanism of in-

pipe inspection robots is discussed by Atul A. 

Gargade, Dr. Shantipal S. Ohol. In-pipe inspection 

robots are mainly differing by steering mechanism, 

power source, and their application. Existing in-pipe 

inspection robots can move freely inside the straight 

pipes, elbows, and T-joints of different diameter 

pipes. But the driving mechanism of all the pipe 

inspection robots is complex. So, a new and simple 

driving mechanism of in-pipe inspection robots has 

been developed. Developed in-pipe inspection 

robots are able to pass through straight pipelines, 

elbows, and reducer. They also added that in the 

future, the driving mechanism of a developed robot 

can be modified to pass through a T-joint. Also, by 

doing the proper configuration of mechanical and 

electronic parts we can use this developed in-pipe 
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inspection robot for crack detection and visual 

inspection of various diameter pipelines. [6] 

Luis A. Mateos, Kai Zhou presented the 

stability controller design for the DeWaLoP 

(Developing Water Loss Prevention) in-pipe robot. 

The in-pipe robot geometrical and physical 

characteristics are given and the necessity for a 

stability controller is explained. The stability 

controller's aim is to set and maintain the robot’s 

structure in the center of the pipe while crawling and 

while redeveloping the pipe. The sensor selected to 

obtain the force exerted by the robot’s wheeled-legs 

is the Tekscan FlexiForce 100 lb., due to its better 

linearity, if compared to other piezoresistive low-

cost sensors. [7] 

Wei Chuan LAW, I-Ming CHEN reviewed a 

series of in-pipe robots and classified the types of 

the robot based on the locomotion mechanism. After 

reviewing the available technologies for 

maintenance of deep large sewers, for the time being 

they cannot identify any single robotic technology 

that can effectively combine all the desired 

functionalities such as inspection, cleaning, and 

repairing into a single unit. [8] 

Ivo Cerny, Dagmar Mikulovaa, Jiri Sisa found 

though most of the cracks likely occurred already 

during the manufacture of the pipe, fatigue pressure 

test confirmed fatigue growth of at least some 

defects. FCG rates in the X60 steel corresponded to 

very rough material variability caused likely by 

unstable manufacturing parameters. The scatter of C 

parameter corresponded to Waybill distribution 

unlike the other two sheets of steel, where the C 

distribution was optimally fitted by normal 

probability density. On the basis of Monte Carlo 

simulations of the software, safe inspection intervals 

could be optimized. The shortest intervals had to be 

considered for the X70 steel whilst in the case of 

X60 steel; such intervals could be almost twice as 

much long. [9] 

Dr. Sharanabasappa C. Sajjan, Naveen Srivatsa 

H.S, et al. said, robots can be effectively used as 

tools to carry out work in labor-intensive, hazardous, 

and unreachable work environments. Pipeline 

systems are one such environment. Robots can be 

successfully implemented in pipeline inspections for 

better detection of defects. The project focused to 

create an in-pipe robot with a flexible structure, 

autonomy, and achieve vertical motion. They also 

provided the design process for in-pipe robots. [10] 

M B Kaushik, P Karthikeyan et al. have 

described the detailed design of pipe inspection 

robots by considering the design parameters. They 

compared the available pipe inspection robots 

namely PIG type, caterpillar type, Inch Worm, Lead 

screw, walker type, and found that vertical climbing 

of the robot and multi elbow turning configuration 

of the robot was difficult. In the developed model a 

suitable spring-type flexible arrangement is 

provided for complex elbow turning and effective 

vertical climbing purposes. With the help of the 

design, they provided we got the idea of our design. 

[11] 

5. CONSTRUCTION 

3.1 CONTROL STATION 

The control station controls all movement of 

robot components; the controller includes the 

computer for displaying the images from robot 

cameras, and the Transmitter FS-CT6B is used for 

sending the commands to the robot from the control 

station. The central computer processes all data and 

gives exact information to the operator. 

 
Fig. 1 Structure of the robot 

 

3.2 MOBILE ROBOT 

The mobile platform gives the capability to 

make maneuvers in the pipe. Robot carrying the 

electronic and mechanical components such as 

motor driver, power supplier, Arduino 

ATmega2560, Cameras, DC Motors, etc. It uses a 

differential wheel drive which enables the robot to 

properly adjust the fixed position to remain in the 

middle of the pipe while working. It is controlled 

manually by a wireless transmitter and receiver 

system and power is supplied with wire. 
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3.3 MAINTENANCE UNIT 

The maintenance unit comprises an 

expanding mechanism to make an unbending 

structure inside the pipe. So that we can perform the 

tasks given to the robot without any vibrations. After 

that to stick the patch on the crack, the roller 

mechanism on the middle section of the robot works 

with applying pressure with the help of a servo 

motor on it. 

The robot includes 2 cameras to detect and 

redevelop specific areas. One camera is located at 

the front to inspect the way in the pipe and the 

second camera is mounted for detection, and 

maintenance purposes. This camera acts as a human-

operated eye enabling the operator to follow the 

details of the redevelopment process. 

6. WORKING 

We have to cut the pipe to put the robot inside 

the pipe. The robot maneuvers inside the pipe with 

the help of the user on the control station, which 

controls all the activities with the help of a 

computer. The robot has self-adjustable wheels that 

adjust the circumferential diameter of the wheels 

from 140mm-180mm.wheels pressure is created by 

using compression spring, It also helps to get a grip 

in the inclined pipes with the pressure applied on the 

wall of the pipe. To repair the damage in the pipeline 

under the highways, firstly we have to dig the hole 

on the shoulder area from where the pipe is passed. 

From the starting position, the robot travels 

towards the damaged portion. The damage is 

detected with the help of the camera, the LEDs 

(white, UV, infrared), and the ultrasonic sensor 

attached to it. The type of damage is recognized and 

if longitudinal or corrosive damage is detected then 

the following procedure is applied. 

After detecting the damage by different 

electronic components, the robot is moved precisely 

at the exact damage site with the help of the 

secondary camera on the maintenance section. The 

area is cleaned with the help of a circular brush 

attached to the section. The expanding blades 

mechanism gets expanded to get the perfect grip 

inside the pipe. After that, the rubberized waterproof 

tape is applied to the damage. The robot is taken out 

and the cut pipe is joined again. In this way, we can 

repair the pipe without damaging the highway.  

 

7. CONCLUSION 

Nowadays, there are many tools and equipment 

available for professionals to merge and use them in 

offering services. In this project, some of these tools 

and equipment are combined and used to create a 

robot that can repair leakages in the pipe network. 

By using such a robot that can handle the leakage 

situation, people would save time, money, effort, 

and avoid being at risk while repairing leakages in 

pipes.  The roller mechanism makes it possible to 

cover the entire area of the leak. Moreover, the robot 

has an advanced mobility property where it can 

advance in any type of pipe network. and also the 

robot itself can be smaller to go through variable 

pipe diameters. At last, with innovation 

enhancements and improvements, the robot's 

maintenance activity will be progressed and will be 

totally decentralized, free, and mechanized without 

the need for human help. 

 

8. FUTURE SCOPE 

We can add multiple sections having different 

functions to the robot to make it capable of 

performing multiple processes like cleaning, 

chemical coating, etc at the same time. 

We can make the robot for smaller dimensions 

of pipe using nanotechnology.  

We can use a solution sprayer mechanism at the 

position of patch sticking mechanism to fill the 

cracks with the Nano filler material. 

Usage of long-range sensors. Execution as a 

bore well rescue robot. Interchange plan without 

connections to encourage better movement. 
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