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Abstract— During last thirty years there is a tremendous 

research in advance machining process? Now a day this 

advance non-conventional machining processes is the life 

line of any industry. One of the most important non-

conventional machining methods is plasma arc machining. 

Its high accuracy, finishing, high speed and ability to 

machining any hard surface it become a very preferable for 

industry. According to available review it has been proved 

that by selecting proper process parameters we can cut any 

material by plasma arc machining with high MRR, lower 

kerf width, bevel angle and high surface finish. During last 

three or four years the investigation about parameters of 

plasma arc machining for mild steel, AISI 1017, SS304 and 

En 31 was already done. In this review paper the various 

process parameters of plasma arc cutting machine and their 

influence on the cutting quality of steel is to be studied. For 

this study the current, standoff distance, cutting speed and 

gas pressure are referred as process parameters. And surface 

roughness and material removal rate was selected as 

response parameters. 
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I. INTRODUCTION 

Nowadays, the different types of thermal cutting techniques 

have been applied for cutting materials in different fields of 

mechanical engineering, process technology and 

shipbuilding. Plasma arc cutting (PAC) is one of them a 

very important thermal cutting process. An advanced 

Plasma arc cutting technique was developed at the end of 

the 1970s for cutting stainless steel, manganese steel, 

titanium alloys, copper, magnesium, aluminium and its 

alloys. 

Today metal cutting is characterized by higher 

quality demands and are expected to exhibit maximum 

dimensional accuracy. Plasma arc cutting have indirect 

competition with other techniques such as conventional 

hacksaw cutting oxy-fuel cutting, laser cutting and water jet 

cutting. However it can also be an alternative to the 

mechanical processing techniques such as punching and 

drilling. 

II. PLASMA ARC CUTTING (PAC) 

Plasma arc cutting is the process that cuts through 

electrically conductive materials by means of an accelerated 

jet of hot plasma. The basic plasma arc cutting process 

involves creating an electrical channel of ionized gas i.e. 

plasma from the plasma cutter itself, through the work piece 

to be cut, thus forming a completed electric circuit back to 

the plasma cutter via a grounding clamp. This is 

accomplished by a compressed gas (oxygen, air, inert and 

others depending on material being cut) which is blown 

through a focused nozzle at high speed toward the work 

piece. The block diagram of plasma arc cutting is shown in 

figure 1. 

 
Fig. 1: Plasma arc cutting 

Types of plasma arc [8] 

1) Dual Gas PAC 

2) Water Injection PAC 

3) Water Shroud PAC 

4) Air PAC 

A. Advantages of PAC [7] 

 There are numbers of advantages of plasma arc 

cutting over the conventional hacksaw cutting, gas 

cutting and oxyacetylene cutting. 

 In PAC no requirements of pre heating of material 

as like oxyacetylene cutting. 

 A plasma arc cutting can cut the material 100% to 

700 % faster than any other cutting process. 

 Due to less cutting time the heat spread time is also 

less, so the HAZ is also less than gas cutting. 

 Due to high cutting speed, lower the cutting cost. 

 Due to high temperature (10,000¬¬0c to 14,0000c), 

it can cut any hard material. 

 The ability to cut nonferrous metals (aluminum, 

stainless steel, etc.), accurately and without 

oxidizing the ends of the metal 

III. MAJOR AREAS OF EXPERIMENTAL RESEARCH IN PLASMA 

ARC CUTTING 

“Milan Kumar Das et al.” [1] investigated the effects and 

parametric optimization of process parameters for plasma 

arc cutting of EN 31 steel using grey relation analysis. They 

considered three process parameters viz. gas pressure, arc 

current and torch tip and experiments were conducted based 

on L27 orthogonal array (OA). They measured process 

responses viz. material removal rate (MRR) and surface 

roughness parameters (center line average roughness: Ra, 



The Effects of Plasma Arc Cutting Process Parameters on Cutting Quality of Steel 

 (IJSRD/Vol. 4/Issue 01/2016/071) 

 

 All rights reserved by www.ijsrd.com 258 

root mean square: Rq, skewness: Rsk, kurtosis: Rsk and 

mean line peak spacing: Rsm) of the machined surface for 

every experimental runs. For maximum MRR and minimum 

surface roughness characteristics they optimized process 

parameters based on Taguchi method coupled with grey 

relational analysis. Analysis of variance (ANOVA) was 

performed to get the contribution of each process parameters 

on the performance characteristics and it was observed that 

gas pressure is significant process parameters that affect 

responses. They were found the optimal combination of 

process parameters as A2B3C3 (middle level of gas 

pressure, highest level of arc current and highest level of 

torch height). Based on ANOVA, the highly effective 

parameter was gas pressure. There was improvement of grey 

relational grade from initial to optimal process parameters 

by about 21% 

 
Fig. 2: Main effective plot for mean of grey relational grade 

[1] 

Yuhong Wu et al.” [2] The plasma arc cutting 

process produces thermal effects near the edge of a cut. 

These thermal effects lead to microstructural and 

metallurgical changes in the heat-affected zone. They had 

used three plasma arc cutting systems to prepare cut 

specimens for analysis of these effects on mild steel. 

Metallographic analysis of the heat-affected zone of the 

cross sections of these specimens reveals predominantly 

bainite near the cut edge of mild steel plate. The edge 

hardness of oxygen plasma cuts increases due to the 

transformation of bainite from the original more ductile 

ferrite and pearlite. The extent of the heat-affected zone was 

influenced by process parameters such as cut speed and 

amperage. In addition, measurements of typical kerfs reveal 

that the volume removed per unit time was linearly related 

to the input power of a cutting process. 

 
Fig. 3: a sketch of the specimens that were cut from mild 

steel for metallographic study. [2] 

Plasma arc cutting imparts heat energy to metal 

plate via electrical, thermal, and chemical processes. Molten 

metal is removed from the kerf to form the cut. The kerf 

material removed per second is linearly related to the input 

power for mild steel PAC processes. As the input power 

increases, the volume of material removed from the kerf 

also increases. The transformation of pearlite to bainite 

during cutting results in increased hardness near the cut 

edge. Decreasing the time required performing a cut by 

using high amperage and high speed conditions will reduce 

the HAZ. 

“R. Bhuvenesh et al.” [3] Use plasma arc cutter 

Selco Genesis 90 to cut Standard AISI 1017 Steel of 200 

mm x100 mm x 6 mm manually based on the selected 

parameters setting. They measured MRR by determining the 

weight of specimens before and after the cutting process. 

The surface roughness (SR) analysis was conducted using 

Mitutoyo CS-3100 to determine the average roughness value 

(Ra). They use Taguchi method to achieve optimum 

condition for both outputs. They select air pressure, cutting 

current, cutting speed and arc gap as process parameters for 

their experiments. 

According to their investigation they found that the 

SR values are inversely proportional to the MRR values. 

The dimensions of the dross determine the quality of plasma 

arc cutting in terms of surface roughness. 

“K. P. Maitry and Dilip Kumar Bagal” [4] They 

were optimized the process parameters of plasma arc cutting 

of AISI 316 stain less steel having a thickness of 120mm. 

The whole experiment of plasma arc cutting process was 

carried out by the MESSER Company built CNC plasma 

machine named as BURNY 1250, where the cutting process 

was conducted in Hypertherm environment. The parameters 

of oxygen supply, fuel gas supply and power supply were 

fixed at 20 MPa, 1.2MPa and 400 VDC, respectively. 

Response surface method coupled with grey 

relational analysis and principal component analysis had 

been carried out to optimize plasma arc cutting processes 

with multi-objective criteria. 

 
Fig. 4: Main Effects Plot for Overall Grey Relational Grade 

“Kulvinder Rana et al.” [5] The aim of their work 

was the optimization of PAC of mild steel thin plates, both 

in terms of cut quality and performances of the 

consumables, to achieve cut quality standards and 

productivity levels usually obtainable through laser cutting 

processes. The temperature of the plasma arc melts the 

metal and pierces through the work piece while the high 

velocity gas flow removes the molten material from the 

bottom of the cut. 

They were used the 10 mm thick mild steel plate 

and cut it by KALL-100 plasma arc cutting machine having 

a range of 25-120 A. they were used air as both primary and 

secondary gas. the optimum parameter settings were 
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identified for the plasma cutting process by using Taguchi 

L9orthogonal array, the number of runs required of this 

design is 9, in this array they have four variables having 

three levels so the number of run required if Taguchi 

orthogonal array is not used are 3^4 i.e. 81 runs. So by using 

Taguchi method they have reduced our number of runs. The 

main parameters which affect the process are current, air 

pressure, stand-off distance, and torch travelling speed. 

Three levels of these parameters were considered in 

increasing order. 

According to their analysis they were conclude that 

The current has maximum effect on the process after that 

torch travelling speed and stand-off distance and air pressure 

have minimum effect on the process. The overall optimum 

values of each parameter give the calculation was, the 

optimum current is 65 A optimum air pressure was 65 psi, 

optimum torch travelling speed was 3.0 m/min, optimum 

stand-off distance was 3.0 mm of having and Heat Affected 

Zone. As from the observation they found that it is cheaper 

than laser cutting for thick plates and from oxy-acetylene for 

thin plates. PAC has better cut quality and minimum Heat 

affected zone. 

“Sandeep Patel and Amit Prakash Kashyap” [6] 

They were investigated experimentally to assessing the 

quality of cut in plasma arc cutting. They wear monitored 

the cutting quality by measuring MRR. They were selecting 

the Gas Pressure, Current, Cutting Speed, and Arc Gap as 

process parameters. The thickness of mild steel plate is 12 

mm and the kerf width is also fixed. The Design of 

Experiments (DoE) technique is used in order to outline the 

main parameters which define the geometry of the cut 

profile, as well as its constancy (i.e. stability). They were 

used Taguchi method to investigate the optimum process 

parameters for achieving maximum material rate. The 

optimum value had been determined with the help of main 

effect plot and ANOVA table. They were developed the 

Regression equation for MRR with the help of Minitab 15 

Software. 

As per their analysis, they were concluding that the 

significant parameter for optimum MRR calculation is 

Cutting Speed. Using design of experiments and analysis of 

variance, it was found that the MRR is mainly influenced by 

Cutting speed. 

IV. CONCLUSIONS 

In this paper, it is concluded that In plasma arc cutting 

process there are various process parameters which are 

affected on the cut quality of steel which is current, gas 

pressure, standoff distance and cutting speed. 

By selecting the proper process parameters value 

we can cut any material with high MRR and low roughness. 

According to literature survey it is observed that as current 

increased the MRR was increased. The surface roughness 

will increase with increase in gas pressure. The cutting 

speed also influences on the MRR, and there are minimum 

effects of standoff distance on the MRR and surface 

roughness. 
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