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Abstract 
Modern industries depend on the manipulation of heavy metal 

with alloys. Differ-ent cutting methods are used to machine 

raw materials into specified pieces for making infrastructure 

and machine tools. Plasma arc cutting (PAC), developed in 

the mid 1950's was predominantly used to cut stainless steel 

and aluminium al-loys. Optimization of PAC has always been 

an open research area for researchers. The purpose of the 

present article is to highlight the application of a multi-criteria 

decision making (MCDM) based optimization methods 

employed by different re-searchers to obtain the best 

parametric combination of cutting parameters. It was observed 

that the results attained by using Combination of statistical 

and heuristi-cal method were better than those derived by past 

researchers who have used only statistical optimization 

techniques. Better most results can be achieved by using a 

hybrid optimization technique if a combination of two or more 

different optimiza-tions techniques used. 

 

Keywords: Multi-Criteria Decision Making, Plasma Arc 

Cutting, Statistical and Heurestical Optimization Techniques. 

 

Introduction 
Since the introduction of the plasma arc cutting process in the 

mid of 1950s, there has been a steady growth in its use in the 

metal fabrication industries for profile cutting of metallic 

sheets and plates. Despite superior industrial developments 

that have taken place, the process has received very little 

attention from the scientific community on any of the 

scientific aspects of the process, including thermal plasma 

generation, plasma-material interaction, liquid metal removal, 

and process control. The Plasma can be defined as the gas that 

is partially or fully ionized containing electrons, ions, neutral 

atoms and/or molecules. There can be two possible states of 

plasma, either thermal or non-thermal. Non-thermal plasmas 

are characterized by their low temperature while thermal 

plasmas have relatively very high temperatures and very high 

energy content. Partial thermal equilibrium is attained 

between the electrons and the heavy particles of the plasma 

plume. In the mid to late twentieth century, thermal plasmas 

have been tested and used extensively in many applications 

such as extractive metallurgy, process metallurgy, plasma 

spray coatings, plasma welding and cutting, synthesis of 

advanced materials and toxic and hazardous waste treatment. 

The plasma cutting process, as used in the cutting of 

electrically conductive metals, utilizes this electrically 

conductive gas to transfer energy from an electrical power 

source through a plasma cutting torch to the material being 

cut. 

 

 
 

Figure 1: Principle of plasma cutting 

 

The set-up of the equipment being very simple, the easiness of 

use of the process and the quality of the components increase 

productivity and achieve high quality plasma cutting. 

 

 
 

Figure 2: Set up of plasma cutting process 

 

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 14, Number 13, 2019 (Special Issue)  
© Research India Publications.  http://www.ripublication.com

Page 27 of 30



 

 

 

 

 

Experimentation and making inferences are the 

complimentary features of general scientific methodology. 

Statistics as a scientific discipline is mainly designed to 

achieve these objectives. Planning of experiments is very 

useful in deriving clear and accurate conclusions from the 

experimental observations. On this basis the inferences have 

three main aspects. Firstly, it establishes methods for drawing 

inferences from observations when these are not exact and 

probabilistic in nature. Secondly, it specifies methods for 

collection of data appropriately, so that assumptions for the 

application of appropriate statistical methods can be 

successfully implemented. Lastly, techniques for proper 

interpretation of results are devised. 

 

Design and Analysis Methods 

Design of experiments (DOE) is a family of structured, 

organized techniques used to empirically understand the 

impact of process parameters the process performance and 

assist in identifying the optimum variables values. The main 

advantage of these techniques is ability to provide results with 

only a fraction of all the possible experimental combinations.  

Taguchi and Response surface are engineering methods for 

product design that focuses on minimizing variation and or 

sensitivity to noise. In robust parameter de-sign the primary 

goal is to find factors setting that minimize the response 

variation, while keeping the process on target. After determine 

which factors affect about variation, the fine settings for 

controllable factors will be possible to achieve. Analysis of 

variance (ANOVA) is a statistical model which can be used 

for find out effect of independent parameter on single 

dependent parameter. It is used to check the sufficiency of the 

second order model which includes test for significance of 

regression model, model coefficients and test for lack of fit.  

In modern day optimization process, these methods are either 

used single handedly or coupled with other statistical or 

heurestical optimization methods for parametric optimization. 

State of the art knowledge in PAC is defined more by the 

huge amount of patents literature than by journal papers; this 

fact induces a strong need for under-standing the physical 

reasons behind industrially patented successful ideas that, due 

to patenting rules and strategies, are often not completely and 

correctly described. 

Rana et al. [1] optimized plasma arc cutting of mild steel thin 

plates, both in terms of cut quality and performances of the 

consumables, by applying Taguchi Method. As from the 

observation it was found that it is cheaper than laser cutting 

for thick plates and from oxy-acetylene for thin plates, PAC 

has better cut quality. Heat affected zone is less or minimum.  

Kechagias and Billis [2] modeled a parametric design of 

computer numerical controlled (CNC) plasma arc cutting 

process of St. 37 carbon steel and AISI steel plates by using 

robust design of orthogonal array. Arc current is the most sig-

\nificant factor. The plate thickness is the least significant 

parameter in PAC process.  

Yun and Na [3] carried out an experiment about the real time 

control of PAC process using intensity measurements of 

ejected plasma gas. They observed that the amount of the 

attached dross substantially reduced by a simple controlled 

speed.  

The input parameters of plasma arc cutting process using 

QstE-380 and Hardox 450 alloy steel plate were optimized by 

using RSM. Ferreira et al. [4] observed that there was increase 

in cutting speed to 65 % from 35 % with reduction in cost 

around 28 %.  

CNC plasma cutting process by using S235JR sheet materials 

at different cutting speeds, amperes and arc voltages was 

experimented and temperature distribution, thickness of HAZ, 

surface roughness (SR) and hardness were measured from the 

material at their different values. Based on the values obtained 

from these measurements, the ideal cutting conditions were 

identified for the materials exposed to the cutting procedures 

[5].  

Bober [6] solved the cutting scheme of numerical controlled 

(NC) plasma cutting machine by employing backtracking 

algorithm, genetic algorithm and heuristic algorithm 

respectively. He discovered that the novel genetic algorithm 

gave predominant results among all algorithms with short 

interval of span in the machining.  

The difficulty generated in laser beams, flame or plasma 

torches, water jet, and metal cutter paths of 2-Dimensional 

cutting operations was identified. Lee and Kwon [7] proposed 

a two-step genetic algorithm combining global search for 

piercing point optimization and local search for part 

sequencing.  

A report on the investigation of selected transient phenomena 

taking place in PAC that are relevant for process optimization 

was described and high-speed imaging diagnostics were 

exploited for the characterization of different technological 

solutions in order to provide deeper insights into torch and 

process design [8].  

Fuzzy theory was used for the prediction of cutting parameters 

in PAC process of AISI 4140 steel. The parameters 

considered in this study were plasma arc current, cutting 

speed, and thickness of cut material. Fuzzy rule–based 

modeling was employed for prediction of surface roughness. 

The most convenient pipe cutting method according to the 

Fuzzy analytic hierarchy process (AHP) and Fuzzy technique 

for order of preference by similarity to ideal solution 

(TOPSIS) techniques for ship building industry was illustrated 

[9].  

Bhuvenesh et al. [10] investigated the SR and MRR of AISI 

1017 mild steel using manual plasma arc cutting machining by 

Taguchi methodology. They observed that the relationship 

between average MRR and average SR was inversely 

proportional to each other. 

Khan and Maity [11-12] used MOORA and TOPSIS to solve 

different multi objective problems for some non-conventional 

machining processes that have multiple criteria problems. 

Different non-traditional machining processes has been 

studied and compared by them including Plasma Arc Cutting. 

They found that optimal settings of input variables obtained 

by using MOORA method nearly tie with those derived by the 

earlier investigators. 

Kumar [13] done parameters optimization in CNC plasma arc 

cutting of AISI 206 steel using Taguchi approach. ANOVA 

results presented that the pressure of gases and speed of 

nozzle are significant parameters for minimizing Kerf as well 

as for maximizing Penetration. 
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Balaganesh et al. [14] investigated the effect speed, current, 

arc height, pressure of Plasma Arc Cutting (PAC) on E250 

Mild Steel Material by using Taguchi design methods and 

ANOVA analysis for Machining time, Hardness and Surface 

roughness. They found that by selecting the proper process 

parameters one can achieve proper cutting quality, hardness 

will be better for maximum pressure and arc height, medium 

current and speed, roughness will be better for maximum 

pressure and arc height, medium current and speed, machining 

time will be better for maximum pressure, current and arc 

height, medium speed. 

Masoudi et al. [15] developed an intelligent model to optimize 

heat-affected zone, kerf, and roughness in 309 stainless steel 

plasma cutting by using experimental results. the results were 

used to develop three predictive models by intelligent systems 

based on genetic algorithm (GA) and artificial neural network 

(ANN). Finally, a hybrid technique of genetically optimized 

neural network systems (GONNs) was de-signed and 

employed to simultaneously optimize the process outputs. The 

results show that the implemented strategy is an effective 

method for optimizing the output parameters in the plasma 

cutting process. 

Naik and Maity [16-18] a hybrid approach of desirability 

function based response surface methodology for 

investigating the plasma arc cutting process of sailhard steel, 

ANOVA and Analysis of means to evaluate the effect of each 

process parameter for 304L stainless steel and Taguchi based 

desirability analysis for Hardox-400. The outcomes of the 

investigations clearly show that the specific range of input 

process parameter achieved the improved machinability. 

Tsiolikas et al. [19] optimized the cut surface quality during 

CNC plasma-arc cut-ting (PAC) of mild steel plates using 

Taguchi method, Analysis of means (ANOM) and analysis of 

variances (ANOVA). Analysis of means and analysis of 

variances show that all parameters affect about equal the 

surface roughness of the cut surface. 

Cinar et al. [20] presented a comprehensive review of 

developments in Plasma Arc Cutting (PAC) of Steel Alloys 

and observed that, the feed rate and edge roughness have a 

significant effect on the machining characteristics. 

Patel et al. [21] studied the effect of process parameters in 

plasma arc cutting on Quard-400 material using analysis of 

variance and found that cutting speed has most significance. 

Rajamani et. al. [22] investigated and optimized PAC 

parameters on Monel 400 super alloy using response surface 

methodology. Optimal machining process conditions were 

obtained through multi objective desirability approach. 

Ramakrishnan et al. [23] investigated of cut quality 

characteristics on SS 321 using plasma arc cutting. Taguchi 

Method, Genetic Algorithm. was used The test results show 

that ANOVA models are significant and it is inferred that 

lower values of cur-rent and Stand-off Distance give better 

surface roughness and minimum heat-affected zone 

 

Discussion 
Although lot of work has been done in the field of plasma arc 

machining, mostly statistical optimization approach has been 

adapted for easy and simple optimization of process 

parameters. From the literature survey it is clear that there is 

lack of research in many other materials like aerospace alloy, 

ceramic, composites etc. for enhanced quality of cutting 

operation through plasma and less work has been carried out 

using heurestical approach. Moreover, the knowledge about 

the fundamental parameters of plasma arc machining like 

cutting current, voltage, stand-off gap, feed rate and pressure 

of gas are incomplete. It is observed that literature in context 

to optimization of the quality response of plasma arc 

machining based on various optimization techniques is 

limited. Optimization of the cutting characteristics like 

material removal rate, surface roughness, right bevel angle, 

dross, kerf and heat affected zone by various optimization 

techniques such as RSM, desirability, Genetic Algorithm, 

Particle Swarm Optimization, Simulated Annealing, TLBO, 

DEA approach are still in its initial stages and therefore, there 

is scope for further development in these areas 

 

Conclusion 
This work furnishes the comprehensive review of 

experimental investigation on the effect of feed rate, cutting 

current, cutting speed, gas pressure, voltage and torch height 

on the characteristic of cut while machining for Steel Alloys 

as well as a critical comparison of the process parameters 

involved and analyses methods used, aiming to let more 

experts know the current research status and also provide 

some guidance for future by plasma arc. Different approaches 

such as statistical and heurestical methods have been carried 

out to find optimal condition of input factors on cut attributes 

of PAC operation. Very few researchers have worked on the 

mathematical modeling of the PAC process. Over the years, 

many techniques are applied to analyze PAC and its key 

parameters and their effects. Most researchers have applied 

Taguchi and RSM as the most common technique over the 

years however there is still room for application of other DOE 

methods, since it helps in reducing the number of 

experiments, thereby reducing the cost of experimentation. 

These opens the path for more novel approach for research in 

PAC like experimental investigation of plasma machining of 

different materials can be carried out. Finite element 

modelling of the PAC operation can be carried out where 

virtual parametric optimization can be done which can be very 

cost effective and a boon to manufacturing industries. 
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