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Abstract— Profile cutting operation is an essential process, in 

fabrication of tubes and or hollow circular pipes. Correct 

profile cutting is must in accurate welding between two 

mating pipes or tubes. There are various profiles that can be 

cut by profile cutting machine. On the other hand, cutting the 

pipe profile manually is not only an expensive and laborious 

job but also time consuming which may seriously impact on 

manufacturing. In this paper fabrication of pipe with profile 

cutting using plasma arc is done so as to save time and to 

obtain a high degree of accuracy which is of a great 

significance in modern machining. The advantages of plasma 

cutting in pipe profile are further extended to various different 

profiles which require higher precision, repeatability with 

less time consumption.      
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I. INTRODUCTION 

In modern fabrication it is essential to have more precise and 

accurate cutting operation with higher rate of material 

handling which are affordable. By using plasma pipe cutting 

machine we can cut different shapes on circular pipe like 

ellipse, oblique cutting, hyperbola and many such shapes as 

per requirement. Introduction of automation to the machining 

industries has led to a revolution in less machining time with 

high accuracy which thus results with the end products of 

much better performance and was followed by savings in the 

requirement of man power. It is more desirable to reduce the 

time and manpower for inspection and have a real time 

quality control of the product. Metal cutting is highly 

characterized by higher demand and are needed to gain much 

more dimensional accuracy. 

PAC was invented in the mid 1950's and became 

commercially successful shortly after its introduction to 

industry. The ability of the process to sever any electrically 

conductive material made it especially attractive for cutting 

nonferrous metals that could not be cut by the oxyfuel cutting 

(OFC) process. The cutting process has now developed to 

include cutting of non-metals by non-transferred arc [4]. 

 Plasma arc machining is one of the most important cutting 

operations in non-conventional cutting process, since it gives 

high accuracy finishing, high speed and ability to machine 

hard surface. By using the plasma cutter we can cut metals of 

maximum wall thickness of 38mm (1.5in) and with strong 

torch 150mm thick (6in). 

II. LITERATURE REVIEW 

Plasma arc machining  is one of the most widely used thermal 

energy based non-contact type advance machining process 

which can be applied for almost whole range of materials. 

This paper defines mathematical models for surface 

Roughness prediction (μm) and width of heat affected zone 

(mm) during plasma cutting of pipes. [1] 

Now a day’s optimization is essential process of an 

industry whether it is in form of process, cost, equipment, etc. 

In the welding cutting process according to various material 

various gas is utilized & gas is one of the energy producer 

(generator) material & it is our conventional energy source so 

to reduce gas utilization is our prior objective hence plasma 

cutting eliminates the use of gas hence no conventional 

source. [2] 

Plasma arc cutting is a non-conventional 

manufacturing process capable of processing a variety of 

electrically conducting materials. Stainless steel, manganese 

steel, titanium alloys, copper, magnesium, aluminum and its 

alloys and cast iron can be processed. The plasma process for 

cutting was developed approximately thirty years ago, for 

metals difficult to be machined through conventional 

processes. It uses a high energy stream of dissociated, ionized 

gas, known as plasma, as the heat sources characterized by an 

electric arc established between an electrode and the work 

piece. The electrode acts as the cathode, and the work piece 

material acts as the anode. PAC process is not a new process, 

however; state of the art knowledge in the process is 

characterized more by the huge amount of patents than by 

scientific publications. There is need for better understanding 

of process mechanics and physics. The challenge of today’s 

research in PAC process is to increase the energy density 

generated by the system. In order to achieve higher cutting 

thickness without losing the quality of the cut, many 

parameters must be taken into consideration. Investigations 

on plasma cutting process on various materials have 

identified as dominant process parameters the following ones: 

1) Cutting speed 

2) Cutting current 

3) Cutting height or standoff (i.e. the distance maintained 

between torch and work piece after piercing and while 

cutting), nature, pressure and flow of the plasma gas. [3]. 

A. Market Survey 

1) In this paper we have successfully studied about profile 

cutting machines. The survey is done on different form 

of plasma profile cutting machine available in the 

market, the following are the given brief information on 

the machines available in the market and how those 

machines works. 

2) For cutting different profiles on pipe, first step is to draw 

the required shapes on the design softwares like 

AutoCad, Autodesk, SolidWorks, etc. Then this design 

blueprints are pasted on the pipe which is to be cut by 

different cutters. In this process thea considerable 

amount of burs are present at higher rate and the time 

taken for operation is more as well. For good surface 

finish grinding operation is must. 

3) For oxyacetylene and plasma cutting applications a CNC 

profile cutting machines which has a gantry type dual 

drive CNC profile cutting machine is incorporated. It is 
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available in different sizes with which we can cut widths 

from 2mm to 6mm with a cutting speed 80-3500 mm/min 

and also with raid travelling of 12,000 mm/min. And cost 

of this machine is 2,20,000/-  

4) An optical profile cutting machine which has an 

assembled gas profile cutter controlled by photoelectric 

effect is available. Optical gas profile cutting has a very 

high accuracy in cutting. Power consumption of the 

machine is 240V. It is used in small and medium size 

workshop. The cost of the machine 70,000/-. 

5) The plasma pipe cutting machine elaborated in this paper 

is a new concept proposed in which by using pantograph 

a desired shape can be cut. By using the different 

pantograph different geometries like hyperbola, 

parabola, ellipse, oblique cutting can be done with the 

best accuracy and minimum time consumption with 

minimal amount of burs 

B. Objective of the Project 

1) To study design and fabrication of plasma pipe cutting 

machine. 

2) To cut different profiles on pipes by using various 

pantographs. 

3) To obtain better surface finish as compared to manual 

cutting of pipe. 

4) To have higher accuracy and repeatability for use of this 

process in mass production in case of township planning. 

5) To eliminate the process of printing and pasting the 

profile and precisely adhering to the design while 

manufacturing. 

6) To perform the most rigid operation with high speed 

cutting. 

III. SCOPE OF THE PROJECT. 

This project focuses on reducing the operator fatigue at small 

scale level also at an economical erection cost.  

The project work is carried out for the following purpose- 

1) Cutting metals that are in intricate form and requires a 

Good finish and accuracy. 

2) For cutting the pipes and huge rods in steel industry and 

saves more time as compared to manual work. 

3) It will cut small diameter pipe. 

4) It will increases production rate, workers safety, 

accuracy of work and reduces labor cost, possible 

chances of accidents. 

5) It can be used at large field jobs as well as in small 

workshop. 

6) This machine can be used almost in all types of 

industries. 

IV. PROBLEM DEFINITION   

In early manufacturing process we can see that profile cut on 

the pipe by using different kind of cutters is a complicated 

operation. After profile cutting operation is completed 

grinding operation is to be performed to give accurate 

required shape. But we can see that this operation takes more 

time at the end of process. To avoid inaccuracies in profile 

cutting and saves more time as compared to manual work. We 

design a Plasma Pipe Cutting Machine. By using this machine 

we can easily cut various shape on pipes or tubes. The cutting 

action can be of different shapes for example oblique cutting, 

parabolic shapes, ellipse cut, or the shape as per requirement. 

The conventional machines, which are present now-a-days in 

the market is not having the arrangement of self-mobility. 

Thus, so as to be mentioned the main criteria for the industrial 

applications and processes have a problem with the 

conventional methodology of metal cutting or profile cutting 

of metals to create intricate or complex shaped parts. Hence 

we rightly present it as the problem statement, which is 

further being solved by the plasma pipe cutting machine. 

V. CONCEPTUAL DESIGN 

 
Fig. 1: Plasma profile pipe cutting setup 

VI. WORKING PRINCIPLE 

 
Fig. 2: Working Principle 
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VII. MANUFACTURING PROCESS 

 
Fig. 3: Manufacturing process flow chart 

VIII. METHODOLOGY 

Profile pipe profile is a manufacturing planning and control 

concept. It can be summarized below. 

 
Fig. 4: Methodology flow chart 

A. Advantages: 

1) We can cut different profiles on pipe with good accuracy 

and surface finish. 

2) While welding lesser filler material is used and good 

strength is achieved. 

3) With the help of plasma machine we can cut various 

types of material like Galvanized iron, Mild steel, 

Aluminum  

4) We can cut up to 5 mm thickness of material with help 

of plasma cut 40 machine. 

5) Skilled worker is not required.  

IX. FUTURE SCOPE 

1) This conventional machine can be fully or semi-

automated by using arduino or various NC controlled 

software’s. 

2) Instead of making different pantographs we can directly 

feed the required shape of the profile to be cut in the NC 

controlled software. 

3) As the diameter of the pipe to be cut increases, then the 

time required for the cutting also increases. So that, 

diameter of the pipe is directly proportional to the time 

required for the cutting.  

4) The project can be used to reduce the man power hence 

reducing the fatigue on labor. 

5) Accuracy can be maintained as mentioned in the design 

hence load on the quality and inspection department will 

be less. 

6) Most rigid operation with high speed cutting can be 

performed. 

7) Development of automation unit for machining can be 

done so the m/c can easily be adopted in today’s 

automated plants. 

8) Need of mass production in shortest possible time can be 

accomplished. 

X. MAINTENANCE 

1) For longer life of plasma pipe profile cutting machine, 

there are certain maintenance procedures to be followed. 

For smooth working and higher durability of the 

machine, some factors has to be followed. 

2) The plasma nozzle has to be changed if gets worn out. 

3) The bearings are required to be oiled for smooth 

functioning. 

4) As the machine is heat resistance one, there should be 

periodic checking of fittings, weld and color. 

5) Pantograph profiles should be grinded after a periodic 

time for the smooth flow of follower. 

6) Springs should be replaced after a period of time if the 

stiffness changes. 

XI. RESULT 

 

Fig. 5: Cutting Pressure required vs Different Materials 

Thickness for Pipe 
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Fig. 6: Cutting Time required vs Different Thickness of 

Mild Steel Pipe 

 
Fig. 7: Cutting Speed vs Different Material Thickness Pipe 

 
Fig. 8: Cutting Time required vs Different Thickness of 

Aluminium Pipe 

 
Fig. 9: Cutting Time required vs Different Thickness of 

Galavanized Iron Pipe 

 
Fig  10: Profile Cutting For T-Joint from Front View 

 
Fig 11: Profile Cutting For T-joint from Top View 

 
Fig. 11: Circular Profile Cutting with Plasma 
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XII. CONCLUSION 

In this project a complete design of the PLASMA pipe cutting 

machine is done and fabricated. The pipe cutting machine is 

designed taking in account of currently available components 

in the market. The designing and assembling of very large 

number of components was a tremendous task and was 

completed on time. However because of some parts couldn’t 

be purchased the whole assembly was limited to welding 

operation. The project can go beyond its current position and 

capabilities by employing automation into it. This can be 

done by using Electrical Sensors. By using optimization, 

machine becomes portable and easy to handle. The use of this 

machine increases production rate, workers safety in gas pipe 

cutting operation. For many people, the world of plasma 

cutting has been a complex and daunting place, with a cryptic 

set of rules that can be mastered only by highly trained 

technicians after weeks of training. The developed pipe 

profile cutting machine has the capability of producing high 

precision parts by simultaneous control of only two axes. 

Though the motivation to study the 2-D machine arose from 

the simplification of design and lowering of cost, 

improvement in error modeling and compensation can also be 

envisaged. 
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