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Abstract— The plasma cutting process is investigated 

experimentally in the present work for cutting of SS 410 

material. The quality of cut has been monitored by measuring 

the kerf width, bevel angle, straightness and width of HAZ. 

Since, there are several possible machine settings (i.e., 

current, pressure, cutting speed, torch height, etc.), parts cut 

by using the plasma cutting process often lack good quality. 

Sometimes, these parts are not completely cut because the 

plasma gas does not penetrate all the way through the sheet 

metal due to insufficient pressure or excessive torch height, 

pressure, cutting speed or current. This research was 

conducted to discover the optimum machine settings by 

implementing a Design of Experiments approach (DOE) to 

find those relevant factors that affect the part’s surface 

quality characteristics (i.e., surface roughness, kerf width, 

accumulation underneath the work piece, bevel angles, and 

dimensional accuracy of the metal work piece and analyzing 

the results by Taguchi Method. These important 

characteristics of part quality were considered as response 

variables. Final results identified an optimal machine 

configuration that facilitates the fabrication of parts with 

close-to-perfect quality for all 9 quality measurement 

responses.  
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I. INTRODUCTION 

Plasma arc cutting (PAC) 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 source. 

 PAC process is 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. 

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 the dominant process 

parameters as the following ones  

 cutting speed 

 cutting current 

 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. 

 Plasma cutting was developed at the end of the 

1950s for cutting high-alloy steels and aluminium. The 

plasma technology was officially born in 1955 as an 

evolution of TIG (Tungsten Inert Gas) with a patent of Robert 

Gage. The purpose of the Gage research at the Union Carbide 

was to improve the directional stability of the arc of free 

plasma used in TIG welding. To achieve this, Gage used a 

metal nozzle to force the plasma arc and he found that the 

forced arc underwent a significant increase in temperature, 

electric voltage and its directional stability. This last feature 

in particular, made the new technology particularly suitable 

for cutting metal and was immediately used for cutting 

aluminium and stainless steel, using nitrogen as plasma gas 

or a mixture of argon and hydrogen.  

Today metal cutting is characterized by higher 

quality demands and increasing cost pressures. The edges of 

cut parts should not require any further processing and are 

expected to exhibit maximum dimensional accuracy. So 

plasma arc cutting is in direct competition with other 

techniques such as 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. The process is characterized by a transferred electric 

arc that is established between a negative electrode (cathode) 

that is part of the cutting torch and a positive electrode 

(anode) that is the metallic work-piece to be cut. Plasma arc 

cutting is considered a challenging technology when 

compared to its main competitors: oxy-fuel and laser cutting, 

in particular for cutting of mild steel in the thickness range 8-

40 mm. 

 Nowadays, plasma arc cutting systems are 

industrially widely used for cutting metal. In fact, they are in 

many cases a good alternative to the two main competitors in 

the thermal cutting of metallic materials: laser and oxy-fuel 

cutting. Among the three processes, the oxy-fuel is the oldest 

and the most economically both in terms of fixed and variable 

costs. However, it produces poor quality and it is able to cut 

only mild steel as it exploits the reaction of oxidation of iron, 

so it is not effective either on stainless steel or aluminum. In 

contrast, laser cutting ensures excellent cutting quality and 

excellent precision. It is however limited to thin plates and 

requires significant investment in equipment and causes high 

operating and maintenance costs. It is therefore an 

appropriate technology only in the case of large volumes of 

production, making it possible to recover their costs. Plasma 

cutting is a compromise between these two extremes, as the 

latest developments in technology have allowed it to achieve 

excellent cutting quality, comparable to that of the laser, even 

when cutting thin materials. In addition, it requires much 

lower investment and variable costs while still providing 

comparable and similar services, both in terms of speed and 

cutting quality, then laser. Plasma cutting compete in 
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particular with the laser cutting of mild metal with thickness 

of 8-40 mm and stainless steel with thickness of 3-30 mm. 

II. LITERATURE REVIEW 

Year Authors Research Work 

2013 Kavka,  Alan Maslani 

Experimental study of 

the effect of gas nature 

on PAC of mild steel 

2012 Salonitis, Vatousiano 

Experimental 

Investigation of the 

PAC Process 

2012 
Bhuvenesh,Norizaman, 

Abdul 

Surface Roughness 

and MRR Effect on 

Manual PAC 

Machining 

2012 Michal Hatala 

Influence of Factors of 

PAC on Surface 

Roughness and Heat 

Affected Zone 

2011 Ismail  M. 

Experimental design 

and performance 

analysis in PAC 

surface  hardening 

2010 J. Wang 

Effect of dual swirling 

PAC parameters on 

kerf characteristics 

2006 Gullu, Atici 

Investigation of the 

effects of PAC 

parameters on the 

structure variation of 

AISI 304 and St 52 

steels 

2002 W.J. Xu 
Study on ceramic 

cutting by plasma arc 

2000 Rama-krishnan 

Influence of gas 

composition on PAC 

of mild steel 

Table 1: Literature Summary 

III. OBJECTIVES AND SCOPES 

The objective of this investigation is determination of the 

most important parameters that influence the cutting quality 

of air plasma cutting. Air as a cutting gas is of low cost 

against other cutting gases. The effect of the most important 

parameters on quality characteristics, such as cutting edge 

surface roughness, conicity and heat affected zone (HAZ), 

for cutting of stainless steel 410 was assessed. Statistical 

analysis of the results has been utilized for determining the 

contribution of each individual parameter of the cutting 

quality. By using 9 very effective runs were selected to study 

the plasma arc cutting of SS410. 

 The current work was carried out for development 

and establishment of cutting parameters and investigation of 

cut quality of SS410 grade steels. 

 Generally the work will be developed within the 

scopes below 

This investigation focuses on the optimization of 

cutting parameters of Plasma Arc Cutting. 

The material used to cut was Stainless Steel of specification 

SS 410. 

Design of Experiment (DOE) layout will be used for 

testing and analysing with Taguchi Method. 

All of data was analysed by using Minitab 15 software to 

produce the best combination setting in plasma cutting of 

Stainless Steel. 

The machine used will be Cut Quality 40 to perform 

the machining operation. 

IV. SELECTION OF PARAMETERS 

From available literature related to the plasma arc cutting it 

is found that there are numerous factors which affect on cut 

quality which helps to identify the factors for the experiments 

and also gives idea to set the appropriate parameters for better 

cut quality. Variables which seem to be the most influential 

factors on the cut quality are current, stand-off distance, 

cutting speed and pressure. These parameters cause effects 

on the work material as well as on consumable parts also. 

Control Parameters 

1) Current 

2) Standoff distance 

3) Pressure 

4) Cutting Speed 

Response Parameters 

1) Material Removal Rate (MRR) 

2) Top kerf Width 

3) Bottom Kerf Width 

4) Straightness 

5) Bevel Angle 

V. DESIGN OF EXPERIMENT AND TAGUCHI METHOD 

APPROACH 

The purpose of experimentation should be to understand how 

to reduce and control variation of a product or process, 

subsequently, decisions must be made concerning which 

parameters affect the performance of a product or process. In 

order to decide about the parameters affecting the process and 

nature of this effect, experiments are required to be 

conducted. A proper design of experiment is essential to 

obtain maximum information about the process in minimum 

number of trials for limiting the time and cost involved in 

experimentation. 

A. Full Factorial Doe: 

For study of the effect of variation in key parameters like 

current, stand-off distance, cutting speed, and pressure in 

terms of MRR, kerf width, straightness, bevel angle, HAZ, 

material hardness, initially a full factorial design of 

experiment without replication is selected and the 

experimental variables are coded as follows: 

Pressure – P1, P2, P3 Cutting Speed – N1, N2, N3 

Stand-off distance – S1, S2, S3 Current – I1, I2, I3 

 Suffix 1, 2 and 3 represent the lower, intermediate 

and higher level of the respective variables. The full factorial 

design of experiments gives the experimental layout as given 

in Table 3.1. The 81 trials as an outcome of the full factorial 

design of experiment would require one plate each for each 

combination of input variables.  
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 However, the cost of material and the infeasibility 

in terms of cost and time availability made this design 

execution infeasible. While traditional full factorial DOE 

helps test all possible combinations of factors and levels, 

allowing for the systematic separation and quantification of 

all main effects, as well as all interaction effects, in such 

cases where full factorial design becomes unaffordable, the 

orthogonal array approach gives a good solution of 

evaluating the effect and contribution of the factors. An L9 

rotatable orthogonal array DOE was selected in our 

experiment. 

 There are several classical experimental designs 

which can be used, such as Full Factorial Design, Fractional 

Factorial Design, etc.  Other designs include D-Optimal and 

Central Composite Design. Now-a-days Taguchi 

experiments are also being used increasingly and they are 

actually a particular type of Fractional Factorial Design. By 

using two levels of each parameter arranged in orthogonal 

array matrices, Fractional Factorial Design permits the 

assessment of a large number of factors in a reduced number 

of tests.  The major advantage of this is that the maximum 

number of factors can be included. 

 However, the cost of material and the infeasibility 

in terms of cost and time availability made full factorial 

design execution infeasible. While traditional full factorial 

DOE helps test all possible combinations of factors and 

levels, allowing for the systematic separation and 

quantification of all main effects, as well as all interaction 

effects, in such cases where full factorial design becomes 

unaffordable, the Taguchi orthogonal array approach gives a 

good solution of evaluating the effect and contribution of the 

factors. 

 In the present work, the Taguchi’s method has been 

used to plan the experiments and subsequent analysis of the 

data collected. 

B. Taguchi Orthogonal Design: 

Taguchi developed a method for designing experiments to 

investigate how different parameters affect the mean and 

variance of a process performance characteristic that defines 

how well the process is functioning. It is a method of 

designing experiments that usually requires only a fraction of 

the full factorial combinations. This experimental design 

involves using orthogonal arrays to organize the parameters 

affecting the process and the levels at which they should be 

varies. An orthogonal array means the design is balanced so 

that factor levels are weighted equally. Because of this, each 

factor can influence the estimation of another factor, in robust 

parameter design; you first choose control factors and their 

levels and choose an orthogonal array appropriate for these 

control factors. This design allows for the collection of the 

necessary data to determine which factors most affect 

product quality with a minimum amount of experimentation, 

thus saving time and resources. The Taguchi method is best 

used when there are an intermediate number of variables (3 

to 50), few interactions between variables, and when only a 

few variables contribute significantly. 

 The real power in using an orthogonal array (OA) is 

the ability to evaluate several factors in a minimum of tests. 

This is considered an efficient experiment since much 

information about factors is obtained from a few trials. 

 The selection of which OA to use predominantly 

depends on these items in order of priority; 

1) The number of factors and interactions of interest 

2) The number of levels for the factors of interest  

3) The desired experimental resolution or cost limitations 

 The first two items determine the smallest 

orthogonal array that it is possible to use, but this will 

automatically be the lowest-resolution, lowest-cost 

experiment. The experimenter may choose to run a larger 

experiment (larger orthogonal array) which will have higher 

resolution potential but will also be more expensive to 

complete. 

VI. EXPERIMENTAL SETUP 

Experiments are conducted on stainless steel SS410 material 

(density 7.86 g/cm3). The work piece size is 100 mm x 50 

mm x 6 mm. The thickness is limited to 6 mm due to the 

current limitation on the power supply unit of the CUT 40 

machine being used for experimentation.  

 
 

Fig. 1: Power Supply Unit 

 
Fig. 2: Trolley Unit 
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Fig. 3: Plasma Torch Head Assembly Unit 

 
Fig. 4: Experimental Setup 

1) Ground Clamp 

2) Work Stage 

3) Torch head assembly 

4) Work Piece 

VII. OBSERVATION TABLE 

Sr. 

no. 

CURRENT 

(A) 

SOD 

(mm) 

PRESSURE 

(bar) 

SPEED 

(m/min) 

1 30 2.5 4 0.24 

2 30 3 4.5 0.32 

3 30 3.5 5 0.36 

4 35 2.5 4.5 0.43 

5 35 3 5 0.20 

6 35 3.5 4 0.32 

7 40 2.5 5 0.36 

8 40 3 4 0.46 

9 40 3.5 4.5 0.24 

Table 2: Input Parameters (L9 Orthogonal Array) 

VIII. RESULTS AND DISCUSSIONS 

A. Taguchi Method Analysis: 

1) MRR versus Current, Stand Off Distance, Pressure, 

Speed 

Level 
Curren

t 

Stand Off 

Distance 

Pressur

e 

Spee

d 

1 2318 2284 2624 1420 

2 2407 2859 2510 2225 

3 2428 2010 2018 3508 

Delta 110 849 606 2089 

Rank 4 2 3 1 

Table 3: Mrr Response For Means 

 
Fig. 5: Main Effects Plot (data means) for MRR 

2) KT versus Current, Stand Off Distance, Pressure, Speed  

Level 
Curren

t 

Stand Off 

Distance 

Pressur

e 

Spee

d 

1 2.633 2.693 3.357 3.363 

2 3.337 3.717 3.210 3.567 

3 3.887 3.447 3.290 2.927 

Delta 1.253 1.023 0.147 0.640 

Rank 1 2 4 3 

Table 4: Top Kerf Width (Kt) Response for Means 

 
Fig. 6: Main Effects Plot (data means) for Top Kerf Width 

3) KB versus Current, Stand Off Distance, Pressure, Speed  

Level 
Curren

t 

Stand Off 

Distance 

Pressur

e 

Spee

d 

1 1.670 1.613 1.787 2.890 

2 1.857 2.453 2.010 1.747 

3 2.413 1.873 2.143 1.303 

Delta 0.743 0.840 0.357 1.587 

Rank 3 2 4 1 

Table 5: Bottom Kerf Width (Kb) Response For Means 

 
Fig. 7: Main Effects Plot (data means) for Bottom Kerf 

Width 
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4) ST versus Current, Stand Off Distance, Pressure, Speed  

Leve

l 

Curren

t 

Stand Off 

Distance 

Pressur

e 
Speed 

1 0.4933 0.8333 0.4933 
0.393

3 

2 0.3700 0.3867 0.9467 
0.586

7 

3 0.8600 0.5033 0.2833 
0.743

3 

Delta 0.4900 0.4467 0.6633 
0.350

0 

Rank 2 3 1 4 

Table 6: Straightness (St) Response for Means 

 
Fig. 8: Main Effects Plot (data means) for Straightness (ST) 

5) Bevel Angle versus Current, Stand Off Distance, 

Pressure, Speed  

Level 
Curren

t 

Stand Off 

Distance 

Pressur

e 

Spee

d 

1 5.333 5.000 3.000 5.667 

2 7.000 7.333 6.667 5.667 

3 4.667 4.667 7.333 5.667 

Delta 2.333 2.667 4.333 0.000 

Rank 3 2 1 4 

Table 7: Bevel Angle ( ) Response for Means 

 
Fig. 9: Main Effects Plot (Data Means) For Bevel Angle () 

IX. CONCLUSIONS 

1) From the exploratory experiment it was found that PAC 

for SS 410 material can be applied in the range of 

 current between 30 A and 40 A 

 pressure between 3.5 bars to 5 bars 

 stand-off distance between 2 mm to 3.5 mm 

2) Cutting speed uniform levels cannot be selected for 

selected current, pressure and stand-off distance range 

for can be adopted. 

3) For MRR, the speed and stand off distance are most 

significant parameter followed by pressure and current.  

4) For top kerf width, the current and stand off distance 

are most significant parameters followed by speed and 

pressure.  

5) For bottom kerf width, the speed is most significant 

parameter followed by stand-off distance, current and 

pressure.  

6) For straightness, the pressure is most significant input 

parameter.  

7) For bevel angle the pressure is most significant 

parameter followed by stand-off distance, current and 

speed.  

8) Taguchi Method is the best approach for designing 

experiments. 
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