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Abstract— Many chemical stable goods are transported 

through pipelines. These pipelines are subjected to damage 

due to environmental factors. To avoid this, frequent cleaning 

of pipelines is mandatory, but cleaning of these lines by 

human is a tedious and expensive process. To tackle these 

issues, we have developed an autonomous robot which travels 

inside the pipeline and cleans it. This robot is light and 

compact and made up of simple and cheap components. 

 

Keywords— Microcontroller,  Torsional spring, pipeline 

cleaning, zero human assistance and proximity sensor. 

I.   Introduction 

Pipeline transport is one of the important type of transportation 

and is vital for the growth of a nation. Liquids and gases which 

are chemically stable are transported through them. Many goods 

like petroleum products, water supply for drinking and irrigation 

purposes, natural gas, etc. can be transported through the 

pipeline and it is also used for drainage and sanitary use as well. 

These pipelines are prone to damage due to aging, excessive 

traffic, man-made accidents
9
 and geological changes which leads 

to leakage of goods. Especially the drainage and sewage lines are 

prone to frequent blocking due to sludge accumulation which 

leads to damage or need of big repair work. Leakage is not only 

the loss occurring due to its damage but its repair, replacement 

and installations costs are heavy. It involves lot of heavy 

machineries for accomplishing this task. Proper cleaning of the 

pipelines prevents severe damages. But most of the pipes are of 

800-1200 mm in diameter which makes entering of man into it 

as tedious and impossible. Not only entering inside it but he must 

be free to move along the pipe which is impossible and also there 

is a risk of health hazard to him. 

To tackle these problems an autonomous robot was 

developed using cheap and simple components which have the 

following advantages i.e. they can be easily placed inside the 

pipelines and also free to move along the pipes with zero human 

involvement. And they can also clean pipes of small diameter 

which humans can’t do. It needs only little human efforts i.e. to 

place it inside the pipeline and to take it outside the pipe.  

 

II. Literature Collection 

Pipeline transport is the transportation of goods through a 

pipe. Pipelines exist for the transport of crude oil and refined 

petroleum products, fuels - such as oil, natural gas and biofuels 

and other fluids including sewage, slurry, water, and beer
8
. 

Pipelines are useful for transporting water for drinking or 

irrigation over long distances when it needs to be moved uphill, 

or where canals or channels are poor choices due to 

considerations of evaporation, pollution, or environmental 

impact. Pneumatic tubes using compressed air can be used to 

transport solid capsules. 

Oil pipelines are made from steel or plastic tubes which are 

usually buried. The oil is sent through the pipelines by pumping 

stations along the pipeline. Natural gas (and similar gaseous 

fuels) are lightly pressurized into liquids knows as Natural Gas 

Liquids (NGLs). Natural gas pipelines are made of carbon steel. 

This transports may cause corrosion inside the pipelines. 

Highly toxic ammonia is theoretically the most dangerous 

substance to be transported through long-distance pipelines, but 

accidents have been rare. District heating or tele-heating 

systems use a network of insulated pipes which transport heated 

water, pressurized hot water or sometimes steam to the 

customer. Sewage transport is a fundamental pipeline transport. 

Presently, in a city at least few sewage lines get blocked per 

day.  For cleaning this pipelines city Municipal Corporation 

utilizes on contract temporary works who demand more salary 

stating the toughness of the job. City Corporation finds it 

difficult and this arises few problems such as worker strike 

frequently. 

 

III. Existing System 

Generally, the manual operation & chemical solution are 

employed in the rejuvenation of pipeline to clean up the 

accumulated sludge and lime scale along the surface of the 

pipeline. Human must enter into the pipelines with much risks 

and has to carry out the cleaning process by themselves. This 

takes very long period to clean the pipelines and practically it 

is very difficult to do this. Also there some worst cases where 

human have lost their precious lives during the cleaning of 

drainage lines. 

The drawbacks of the manual methods are 

 They are time consuming one. 

 They need human work to accomplish the task. 

 Humans are prone to health hazards. 

 Entering and movement of humans through pipeline is 

tedious and impossible. 

 Large amount of money must be spent for the repairs 

and replacement pipelines especially those underneath the road 

surfaces. 

 Humans are also not ready to do these kind of risky 

jobs. 
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IV. Proposed System 
The proposed robot consists of simple components like sensor, 

microcontroller, wheels, torsional spring and brushes. The body 

of the system is made of steel which gives high strength and 

corrosion resistant properties. The six wheels are connected to 

the body by using torsional spring linkage mechanism and it is 

operated by separate dc motors with high torque and low speed 

as shown in figure 3.  Cleaning blade attached to the front is 

operated by the dc motor with high speed. The torsional spring is 

used to provide the gripping force between wheel and the 

pipelines.  Sensor is placed between the front and rear side of the 

robot to detect any obstacle. The movement of the robot (both 

forward and backward) is fully controlled by the microcontroller 

based on the signal from IR sensor. The front blade arrangement 

ensures proper scarping of the wastes inside the pipelines. 

Cleaning brushes are attached to the sides of the body of the 

robot. The electrical components are placed inside its body. 

The main advantages of the proposed system are 

 Low cost of manufacturing and easy to maintain. 

 It is well-suited for domestic purpose. 

 The machine consumes less power. 

 It is compact and occupies less floor space. 

 It is capable of cleaning inner surface of the pipes. 

 Man power is saved and reduces the hazards  

to humans. 

 The chances of failure of the proposed machine  

are less. 

 It is corrosion resistant. 

 

V. Feasibility Study 

Feasibility study is the process in development of any product or 

business which helps to discover the strength and weakness of 

the proposed idea or model, opportunities and threats to the 

model by the environment, resources needed for making the 

model and ultimately its success. The proposed system is 

economically feasible due to its low capital and operating cost. 

The proposed system is also operationally feasible because it 

needs no human effort during its operation and its lifetime 

depends only on its maintenance and running time. All the 

mechanical and electrical components needed are easily 

available in the market and assembling these components are 

also quite easy. Hence the proposed system is also technically 

feasible. 

VI. Techniques and Methodology Used 

Solid works 

Solid works software offers flexible 3D mechanical 

design and product simulation. Also offers a high–end real time 

rendering and animation. This contains In-built analysis. The 

solid works model of the proposed system is shown in figure 1. 

 

 

Fig 1. Solid works model of the proposed model 

Proteus 

 Proteus is software for microprocessor simulation, 

schematic capture, and printed circuit board (PCB) design. The 

system components of this software are ISIS Schematic capture, 

PROSPICE Mixed mode SPICE simulation, ARES PCB Layout, 

VSM and System Benefits. In this project ISIS Schematic capture 

has been used. The electrical simulation of circuit used is shown 

in figure 2. 

 

Fig 2. Proteus stimulation for the proposed model 

 

VII. Working Principle 

Proposed System relies upon the work expected from the 

different section of the robot. During running, four DC motors 

connected to wheels provides the motion of the machine. 

Torsional spring assembly grips and hold the robot inside the 

pipeline. The motion of the bot inside the pipe is entirely 

automated. Its motion is controlled by a program by calculating 

the area of the pipe. Any obstacle in front of it during its motion 

is detected by using IR sensor and capacitive type proximity 

sensor. These sensor signals are sent to AT89C51 

microcontroller which takes necessary control action that helps 

in controlling the direction of rotation of motors to avoid the 

obstacle. At the mean time, another two DC motors operates the 

brushes for cleaning the wall and floor surface. Machine has a 

front blade Arrangement which is subjected to clean 

accumulated algae by scrapping off the algae along the ground 

surface. The only thing that the human being has to do is to drop 

the machine inside the pipe and to start it from one of the 

corners of the pipe. 
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Fig 3. Proposed model 

VIII. Practical Implementation 

The proposed pipe cleaning model can be practically 

implemented. The set up cost and working cost is less as the 

model cost around only Rs. 7500 as mentioned in table1. It is cost 

effective because employing human for cleaning must be paid at 

least Rs. 300 – Rs. 500 per time. The robot can be used without 

any faults for at least 50 times with other miscellaneous expenses 

of Rs. 5,000 and the total cost for cleaning 50 times will be around 

Rs. 13,000 which is appreciably lower than manual methods. This 

proves the system is cost effective. The maintenance cost is also 

lesser than that of existing model. This is because of the software 

and hardware used in this system. This system is also less compact 

and easily modifiable to different operating conditions. The main 

components used in the model and its cost is listed in table 1. 

 

S No Components Description 
Cost (in 

Rupees) 

1 DC Motor (6) 12v, 5kgf-cm,10 rpm 2070 

2 DC Motor (1) 12v, 2kgf-cm,750 rpm 895 

3 Relay(3) 5v 90 

4 Micro controller AT89C51 150 

5 IC 7805 Voltage regulation to +5 V 20 

6 ULN2003 Motor Driver Chip 20 

7 Proximity sensor Capacitive Type 500 

8 Battery 12v , 7.5A 800 

9 Torsional spring - 420 

10 Wheels 6 cm Diameter 270 

11 Body frame work SS Plate 1840 

  

Table1. Major components involved in the model 

 

IX. Conclusion 

Thus a new compact and cost effective system was developed 

for pipeline cleaning. This ensures the regular process of 

cleaning in various environments. And also it makes the 

cleaning process faster and also it can cover even small areas 

which are in accessible by humans. The only limitation with this 

system is, we have to insert the machine into the pipe and start it 

and take it out after cleaning at the finish point. Also to clean 

the robot regularly for achieving long life of the robot. 

 

X. Future Scope 

For further improvements of this system, fuzzy logic control 

system can be used in the place of microcontroller for control 

and automation of the system, which is more beneficial and may 

reduce the size of the system making it more compact and 

portable. And also, a small tank to store suitable chemical 

solutions can be fitted with the system with a pump. It can be 

used in removal of tougher scales by spraying the stored 

chemical solutions over them as done in case of boilers. 
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