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Abstract – In this research work of Plasma Arc Cutting 

(PAC) show the effect Speed (mm/Sec.), Current (A), Stand 

of Distance (mm) on SS304 Material having the density 8.03 

g/cm3. In this Experiment we have done Experiment by using 

full factorial design methods and regression analysis equation 

for MMR by performing cuts of different run sets of L27 

orthogonal Array to find out optimal run set of Speed, 

Current, Stand of Distance which gives the lowest MRR. The 

regression analysis has been used for the development of 

empirical models able to describe the effect of the process 

parameters on the quality of cutting. 

 

Keywords – Plasma Arc Cutting, Full Factorial Design, 

MMR, SS304. 

 

I. INTRODUCTION 
 

Obtaining the desired number of parts from stoke by 

machining in the shortest time is very important. For this 

Purpose some research work to reduce  this period has 

been conducted by mechanical, thermal and recently water 

jet application. Plasma cutting which is one of the thermal 

cutting methods has been structured form, the system, 

cutting with air which is called cutting gas. Also other 

gases like N2, O2, CO2, He etc. can be used as plasma 

cutting gas. A chemical reaction takes place in this burning 

gases with the energy taken from a power supply and 

burning gas focuses on the part through the nozzle. [1]. 

The plasma is sufficiently hot (about 20000K) to melt the 

material (here SS304 having melting temperature 1540 C) 

being cut and moves away from the cut.  

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 of plasma cutting process on 

various materials have identified as dominant process  

parameters 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. [6]       

In recent years the competition with laser cutting forced 

some plasma system producers to shift from the 

fabrication of simple and rough cutters to the development 

of sophisticated systems, enabling higher cutting accuracy 

and near net shape manufacturing. In steel cutting the 

presence of oxygen in the kerf zone increases the amount 

of molten material, due to the exothermic reaction that 

“burns” iron, and facilitates material removal, reducing the 

surface tension of the liquid metal layer.  

The objective of this paper is the investigation and 

determination of the most important parameters that 

influence the cutting quality in the words of material 

removal rate as the industries are focusing on the saving 

the material and hence the cost on air plasma cutting. Air 

as a cutting gas is of low cost against other cutting gases. 

For this reason, there is a trend in industrial practice to be 

extensively used for cutting stainless steel. The effect of 

the most important parameters on quality characteristics, 

such as MRR for cutting of the SS was assessed. Statistical 

analysis of the results has been utilized for determining the 

best combination of cutting speed, arc voltage and stand 

off distance which should reduce the MRR. 

 

II. LITERATURE REVIEW 
 

Bogdan Nedić et.  Al analyzes quality of cut in plasma 

arc cutting. Quality of cut in plasma arc cutting is defined 

using standard EN ISO 9013 And experimental 

investigation of plasma cut was presented. Samples of 

steel plate thickness of 15 mm were used for creating 17 

cuts. Obtained experimental results are consistent with 

theoretical considerations, as well as previous 

experimental results. The best quality is obtained 

increasing the speed by 20% of tablet speed value, which 

indicates that in this area have a place for further research 

and improvements [1] 

R. Bini et al. Studied for the feature of the kerf 

generated by a 200A high tolerance, plasma arc cutting 

system for 15 mm thick mild steel with using design of 

experiments technique. It was shown that very good 

quality cut be achieved for all the sides by varying the 

cutting speed and the arc voltage. [2] 

Subbarao Chamarthi et. Al had studied for plasma arc 

cutting parameters on the unevenness surface of hardox-

400 material for thickness 12 mm by high tolerance 

voltage, cutting speed and plasma gas flow rate included 
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as main parameters. After DOE experiments and anova 

analysis, it was found that Arc voltage is a main parameter 

which influence cutting quality, Beyond the Arc voltage 

the cutting speed showed a noticeable effect. [3] 

T Kavka et. Al studied the effect of gas nature on plasma 

arc cutting of mild steel 15 mm thick. Due to chemical 

compositions the examined media have different 

thermophysical properties, which affect the properties of 

the generated plasma and cutting performance. An 

increase in the plasma gas flow rate can facilitate 

improvement of cut quality for all gases because it 

increases both energy and momentum density. [4] 

Abdulkadir Gullu et. Al studied on AISI 304 stainless 

steel and St 52 carbon steel. In plasma arc cutting 

operation, namely the type of material cut, cutting gas, 

cutting speed etc, were effective on cutting conditions. The 

cutting gap becomes small in thin material, the bigger I 

thick material and height of the nozzle from the material 

affected cutting quality during the cutting operation so it is 

necessary to control the height of the nozzle to obtain 

better results. [5] 

 

III. EXPERIMENTAL PROCEDURE 
 

Material 
In the present investigation SS304 is used as the target 

material. Which is used in Springs, nuts, bolts and screw 

manufacturing industries, manufacturing of Brewery, 

dairy, food and pharmaceutical production equipment, 

Architectural paneling. The nominal chemical composition 

is given in table 1 

 

Table 1: Typical chemical composition for SS304 

 C Mn Si P S Cr Ni Fe 

304 0 -0.07 0 - 2.0 0 – 1 0 - 0.05 0 - 0.02 17.5 - 19.5 8 - 10.5 Bal. 

304L 0 -0.03 0 - 2.0 0 – 1 0 - 0.05 0 - 0.02 17.5 - 19.5 8 - 10.5 Bal. 

304H 0.04 – 1 0 - 2.0 0 – 1 0 - 0.05 0 - 0.02 17.5 - 19.5 8 - 10.5 Bal. 

 

Plasma arc cutting Parameters and Experimentation 
In the present study, the influence of plasma arc current, 

cutting speed and stand off distance on the performance of 

PACs is evaluated in the terms of Material Removal Rate 

(MRR). In the experimental plane, the process parameters 

were varied at three levels as shown in table2 

Table 2: Plasma Arc Cutting Parameters and Their Factor 

Levels 

Plasma Cutting 

Parameters 

Level1 Level2 Level3 

Plasma Arc Current (amp) 80 90 95 

Cutting Speed (mm/min) 640 880 1040 

Stand Off Distance (mm) 5 6 7 

 

A Full factorial Experimental design with 27 runs was 

employed for conducting experiments by considering the 

above PAC parameters. For this Plasma cutting machine is 

employed as shown below 

 

 
Fig.1. Plasma Arc Cutting Machine 

3.1 Full Factorial Design Method 
A full factorial design method is also called full crossed 

design. A full factorial design is a method which contains 

two or more than two factors, each with discrete possible 

value or levels and whose experimental units take on all 

possible combinations of these levels across all such 

factors. The simplest factorial experiment contains two 

levels for each of the two factors.  

Key Terms 

Factor: An element of the experimental unit that will be 

varied. Here in my experiment 

Factors are Arc currents, Cutting Speed, Stand Off 

Distance. 

Level: The possible value of a factor 

For a full factorial design, if the numbers of levels are 

same then the possible design N is 

N = Lm 

Where L = number of levels for each factor, and m= 

number of factors. Suppose an engineer wishes to study 

the total power used by each of two different motors, A 

and B, running at each of two different speeds, 2000 or 

3000 RPM. The factorial experiment would consist of four 

experimental units: motor A at 2000 RPM, motor B at 

2000 RPM, motor A at 3000 RPM, and motor B at 3000 

RPM. Each combination of a single level selected from 

every factor is present once. This experiment is an 

example of a 22 (or 2x2) factorial experiment, so named 

because it considers two levels for each of the two factors, 

producing 22=4 factorial points 

In this experiment design is denoted as 33 factorial, then 

it will indicate… 

Number of factors: 3 

Number of levels: 3 

Experimental condition in design: 3*3*3= 27 
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IV. RESULTS AND DISCUSSION 
 

The cut quality was assessed in terms of Material 

Removal Rate. Here we used a regression equation 

generated with the help of Minitab15 software, for 

calculation of MRR. With the help of this equation MRR 

of any combination of parameters Plasma Arc Current, 

Cutting Speed, and Stand of Distance   can be calculated. 

Table 3: Full Factorial Design 

Runset 

No. 

S.O.D 

(mm) 

Current 

(Amp) 

Cutting 

Speed 

(mm/min) 

M.R.R. 

(gm/sec) 

1 5 80 640 1.245 

2 5 80 880 1.647 

3 5 80 1040 1.661 

4 5 90 640 1.382 

5 5 90 880 1.861 

6 5 90 1040 1.786 

7 5 95 640 1.333 

8 5 95 880 1.922 

9 5 95 1040 1.78 

10 6 80 640 1.291 

11 6 80 880 1.78 

12 6 80 1040 1.998 

13 6 90 640 1.29 

14 6 90 880 2.012 

15 6 90 1040 2.1 

16 6 95 640 1.342 

17 6 95 880 1.93 

18 6 95 1040 1.89 

19 7 80 640 1.23 

20 7 80 880 2.109 

21 7 80 1040 1.808 

22 7 90 640 1.68 

23 7 90 880 1.964 

24 7 90 1040 1.936 

25 7 95 640 1.691 

26 7 95 880 2.15 

27 7 95 1040 1.79 

 

Regression Equation 

- 0.680 + 0.0953 sod + 0.00851 current + 0.00127 speed 

Table 4: Regression Analysis 

Predictor Constant SOD Current Speed 

Coefficient -0.6800 0.09528 0.008508 0.0012700 

SE Coff.   0.5797 0.04223 0.005530 0.0002098 

T -1.17 2.26 1.54 6.05 

P 0.253 0.034 0.138 0.000 

Rank - 2 3 1 

 

 
Graph1: Regression Graph 

 

Table 5: Least Squares Means For MRR 

Level SOD Current Speed 

1 1.627 1.644 1.387 

2 1.737 1.7789 1.933 

3 1.817 1.759 1.861 

Delta 0.190 0.135 0.546 

Rank 2 3 1 
 

 
Graph: 2 Analysis of variance graph 

 

 
Graph: 3 Main Effect Plot for MRR 
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From the above Regression Analysis and Mean 

Effective Plot for MRR it is seen that the most effective 

parameter affecting the MRR is cutting speed and the 

second effective parameter is Stand of Distance and the 

Arc current is the least effective on MRR. 

Effect of Cutting Speed: In this experiment the major 

effect is produced by cutting speed. It is most significant 

parameter among the three available. With the increase in 

cutting speed the material removal rate is increasing 

rapidly up to certain limit and then it starts to decrease. 

Effect of SOD: The second effective parameter is the 

stand of distance, with the increase SOD the MRR also 

increases which deflects negligible as shown in graph no.3 

Effect of Current: As shown by the analysis readings the 

least effect is produced by Arc current. With an increase in 

arc current MRR increases up to certain limits and then 

decreases comparatively faster.  

In this experiment material removal rate increases 

rapidly up to 90 amp and decreases after that. 

 

VI. CONCLUSION 
 

In the present study, full factorial design based PAC is 

performed for the purpose of predicting the material 

removal rate of SS304 in order to identify the process 

parameters influencing the cut quality. For this purpose 

parameters were examined, namely the cutting speed, arc 

current and stand of distance. The performance 

characteristic that assessed is MRR. The MRR should be 

maximum as possible. Using the regression equation MRR 

can be calculated and the best run set is found which gives 

the maximum MRR. From this calculation, it is noted that 

the cutting speed is the most responsible parameter for 

quality of cut and the SOD and current is less effective 

than speed. The less the cutting speed and SOD and 

increased the Current will give the best cut. 
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