
 

 

 

 
 

Annals of DAAAM for 2012 & Proceedings of the 23rd International DAAAM Symposium, Volume 23, No.1, ISSN 2304-1382 

ISBN 978-3-901509-91-9, CDROM version, Ed. B. Katalinic, Published by DAAAM International, Vienna, Austria, EU, 2012 

Make Harmony between Technology and Nature, and Your Mind will Fly Free as a Bird 

Annals & Proceedings of DAAAM International 2012 

  

SOME EXPERIMENTAL STUDIES ON PLASMA CUTTING QUALITY OF LOW 

ALLOY STEEL 

 

BEGIC, D[erzija]; KULENOVIC, M[alik]; CEKIC, A[hmet] & DEDIC, E[ldin] 

 

Abstract: This paper presents an experimental study to evaluate 

the effect of the cutting parameters on the cut quality during 

plasma cutting of 5 mm thick low alloy steel sheets. The cutting 

parameters considered include cutting speed and plasma gas 

pressure. The CNC portal cutting machine VARCUT L2 by 

plasma device type D12000 is used in the experiments. Results 

show that good quality cuts can be produced in plasma cutting 

of low alloy steel, at the cutting speed from 400 to 700 mm/min 

and at the plasma gas pressure from 4 to 5 bar.  
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cut quality 

 

1. INTRODUCTION  
 
When the temperature of a gas is raised to about 

2000°C, the gas molecules become dissociated into 
separate atoms. At higher temperatures, 30000°C, these 
atoms become ionized. The gas in this stage is termed 
plasma. Plasma cutting process is a thermal 
nontraditional machining process that was adopted in the 
early 1950s as an alternative method for flame cutting of 
stainless steel, aluminum, and other nonferrous metals. 
During that time the process limitations regarding the 
low cutting speed, poor machining quality, and the 
unreliable equipment were clear. Recently, cutting of 
conductive and nonconductive materials by plasma 
cutting has become much more attractive [1]. In the 
machine manufacturing industry, the plasma, as a tool, is 
used especialy in cutting operations, coating, welding, 
melting, and assistance of the mechanical processing 
operations such as turning, threading, drilling, grooving 
etc., in order to improve the machinability of various 
materials. This process has been used in cutting 
applications of stainless steel, hardened and high 
melting-point metal and hardened alloys [2]-[5]. 

The cutting accuracy depends on material thickness 
and even more on the used thermal cutting procedure. 
The biggest deviations appear by flame cutting, which is 
usually used for cutting thicker materials with lower 
speed. On the other hand, the lowest deviations appear by 
laser cutting, which is usually used for cutting thinner 
materials with increased cutting speed. Reference [6] also 
shown that laser beam machines offer more accuracy and 
precision, but plasma cutting machines have a significant 
advantage over laser machines in terms of acquisition 
cost, maintenance and productivity. However, both laser 
and plasma arc cutting machines offers good results 
depending on the type of material being cut and of the 
results needed.  

Of particular interest to manufacturers using plasma 
cutting process are the productivity and the quality of 

components made by plasma cutting. Both aspects are 
managed by the selection of appropriate cutting 
parameters, which are unique for each material and 
thickness. Consequently, investigation into the affecting 
parameters in plasma cutting process is necessary to 
improve the final product quality. To reduce the kerf 
width and to improve the kerf quality, the hydro-
magnetically confined plasma arc is used to cut 
engineering ceramic plates [7].  

They have shown that when the nozzle diameter is 3 
mm, the kerf width of the examined ceramic plate of 6 
mm thickness is less than 4.6 mm, while the cutting 
speed reaches to 0.9-1.2 m/min. A 5 mm thick sheet of 
grade 2 commercially pure titanium was cut using several 
feed rates in the dross free feed rate range and with the 
adoption of oxygen or nitrogen as cutting and shielding 
gases [8]. It shown that when oxygen is used as cutting 
gas higher feed rate and geometry attributes (unevenness 
and kerf width) of better quality are achieved due to the 
oxidation reaction. The thickness of the total heat 
affected zone overcame 1 mm for all the cuts in nitrogen 
and for the slowest cut in oxygen. In [9], AISI 304 
stainless steel and St 52 carbon steel have been cut by 
plasma arc and the variations of structural specifications 
occurred after cutting has been investigated. According 
to the experimental results, it has been seen that burning 
of particulars and distribution amount are increased when 
the cutting is performed using the speeds which are upper 
or lower limits of the ideal cutting speeds proposed by 
the manufacturer of the machine tool. In [10] a 200 A 
high tolerance plasma arc cutting system is utilized to cut 
plates from 15 mm thick mild steel sheets metals. The 
performed analysis indicates that cutting speed and arc 
voltage affect the kerf formation mechanism and their 
interaction is also important in defining the inclination of 
the cut. 

The aim of this paper is to study the effect of the 
cutting parameters such as cutting speed and plasma gas 
pressure on kerf width and surface roughness in plasma 
cutting of low alloy steel, and hence obtain the optimum 
ranges of cutting speed and plasma gas pressure.  

 

2. EXPERIMENTAL SETUP 
 

In order to achieve the stated objective, plasma 

cutting experiments are carried out using 5 mm low 

alloy steel sheets to investigate the effect of plasma 

cutting parameters on the cut quality. Experimental 

investigations were conducted in “Sirbegovic Group” 

company.  
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Fig. 1. CNC portal cutting machine VARCUT L2 

 

The CNC portal cutting machine VARCUT L2 by 

plasma device D-12000 is used in the experiments. The 

CNC portal cutting machines VARCUT L2 are very 

precise and reliable. The portal cutting machine has one 

head for plasma sheet metal cutting and one head for 

flame cutting of sheet metal with a dual side 

longitudinal drive with AC motors. The construction of 

the cutting machine with the support table allows a 

maximum cutting thickness of 150 mm [11]. 

Two main parameters have been selected for the 

present study. These are cutting speed and plasma gas 

pressure. These parameters are varied within the range: 

1. the cutting speed from 200 mm/min to 1000 mm/min, 

and 

2. the plasma gas pressure from 3 to 5 bar. 

Testing the effect of one parameter on the cut quality 

requires the variation of one parameter while keeping the 

second parameter at the pre-selected value. The stand off 

distance of 10 mm and the current intensity of 30 A 

during the execution of experiments are kept constant. 

 

Chemical composition of the examined material is 

given in table 1.  

Material: EN 10025 

C Si Mn Cr S P Cu Ni 

0.17 0.35 0.60 0.15 0.035 0.05 0.08 0.02 

Tab. 1. Chemical composition of examined material 

 

The controlled parameters have been the top surface 

kerf width and the surface roughness. A visual inspection 

of each cut was carried out to ensure that no pitting and 

burrs are present in the cut area. Figure shows the cut 

sample of the measurements taken.  

 
Fig. 2. The geometry of cut samples 

Surface roughness on the cut edge was measured in 

terms of the average roughness Ra, using the SurfTest 

Mitutoyo stylus instrument, figure 3. Roughness was 

measured along the length of cut at approximately the 

middle of the thickness.  

 
Fig. 3. The roughness measurement using the Mitutoyo stylus 

instrument  

The top surface kerf width was measured using a 

ZKM universal two-coordinate microscope, figure 4. The 

cut samples after plasma cutting low alloy steel with 

varying the cutting speed and the plasma gas preassure is 

given in figure 5. 

 
Fig. 4. The measuring of kerf width using ZKM universal two-

coordinate microscope 

 
Fig. 5. The cut samples after plasma cutting low alloy steel with varying 

the cutting speed and the plasma gas preassure 
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3. RESULTS AND DISCUSSION 
 

The effect of cutting speed on the surface roughness 

and the kerf width at different plasma gas pressures of 3, 

3.5, 4 and 5 bar is shown in figures 6, 7, 8 and 9, 

respectively.  

 
Fig. 6. The effect of cutting speed on surface roughness and the kerf 

width at a constant plasma gas pressure of 3 bar 
 

 

Fig. 7. The effect of cutting speed on surface roughness and the kerf 
width at a constant plasma gas pressure of 3.5 bar 

 

 
Fig. 8. The effect of cutting speed on surface roughness and the kerf 
width at a constant plasma gas pressure of 4 bar 
 

As shown in the diagrams in figures 6, 7 and 8, can 

be concluded that kerf width increases by increasing 

cutting speed. 

 
Fig. 9. The effect of cutting speed on surface roughness and the kerf 

width at a constant plasma gas pressure of 5 bar 
 

At the plasma gas pressure of 5 bar, in figure 9, can be 

seen that kerf width increases by increasing cutting speed 

up to 650 mm/min, but further increase in cutting speed 

the kerf width decreases. In some cases, for a given 

cutting speed (in the range of 400 to 700 mm/min), the 

roughness parameter Ra retains approximately constant 

value or slightly increases. At a plasma gas pressure of 3 

bar for the same cutting speed, figures 10 and 11, surface 

roughness and kerf width are greater than the plasma gas 

pressure of 5 bar. 

 
Fig. 10. The effect of the plasma gas pressure on surface roughness by 
varying the cutting speed 

 

 
Fig. 11. The effect of the plasma gas pressure on kerf width by varying 

the cutting speed 
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Fig. 12. The effect of cutting speed on surface roughness by varying the 

plasma gas pressure 

 
Fig. 13. The effect of cutting speed on kerf width by varying the plasma 
gas pressure 

 

It was not possible to cut at a plasma gas pressure of 3 

bar and the cutting speeds higher than 700 mm/min, as 

shown in figures 10 and 11.  

In the diagrams shown in figures 12 and 13, it can be 

concluded that surface roughness and kerf width decrease 

by increasing plasma gas pressure. It can be noted that 

the cutting was not possible at the cutting speed of 1000 

mm/min and a pressure less than 3.5 bar. It can further be 

seen that at cutting speeds of 200 and 600 mm/min, kerf 

width and surface roughness slightly changed at the same 

plasma gas pressure, while the surface roughness 

increases at cutting speed of 1000 mm/min. The obtained 

minimum and maximum value of the roughness 

parameter Ra were 1,410 μm and 4,953μm. The obtained 

values of parameter Ra belong to the roughness class of 

N6 and N8, respectively. This fact indicates the 

importance of research and analysis of the effect of 

cutting speed and plasma gas pressure on the cut quality.  

 

4. CONCLUSION 
 

The effect of cutting speed and plasma gas pressure 

on the quality characteristics of plasma cut low alloy 

steel specimens studied in this paper. Based on the 

conducted investigations, the following could be 

concluded: 

 Kerf width decreases with increasing plasma gas 

pressure, while it slightly changes with increasing 

cutting speed. 

 Surface roughness decreases by increasing plasma 

gas pressure and changes very slightly with 

increasing cutting speed. 

 The dross on the bottom side of workpieces increases 

by increasing cutting speed.  

 The cutting of examined material was not possible at 

a plasma gas pressure of 3 bar and the cutting speed 

greater than 700 mm/min. 

 Based on the above conclusions, for plasma cutting of 

low alloy steel sheets of 5 mm thick, it is 

recommended to use the cutting speed of 400 

mm/min to 700 mm/min and plasma gas pressure of 4 

to 5 bar. 

Effect of arc voltage and stand off distance on the cut 

quality in plasma cutting of low alloy steel, it is 

recommended to further investigations and a comparsion 

with laser cut quality. 
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