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Abstract. The paper presents the results of microgeometry measurements of cut surfaces. The 
cutting was carried out using a Hypertherm hand plasma cutter. Samples made of copper, 
0H18N9 stainless steel and S355E low-alloy steel were the used tests. The current values at 
which the smallest roughness of the cut surface was obtained for a given material were 
determined. 
Introduction 
In modern industries, technologies using a concentrated energy stream are increasingly 
dominating [1-4]. These technologies include, among others, the plasma cutting method, which, 
due to high technological capabilities and low operating costs, is one of the most common 
thermal cutting processes [5, 6]. 

Plasma arc cutting, commonly known as plasma cutting, is a modification of the GTA plasma 
welding process. Plasma cutting was introduced to the industry in the 1950s to enable cutting of 
corrosion resistant steels and independent metals. The plasma cutting process involves melting 
and removing metal from the cutting gap with a highly concentrated plasma electric arc glowing 
between the non-fusible electrode and the workpiece. In a plasma electric arc, gas is strongly 
ionized with a high concentration of kinetic and thermal energy. Then the gas travels from the 
plasma nozzle, narrowing towards the cutting gap, at a speed close to the speed of sound. The 
temperature of the plasma stream is in the range of 10,000÷30,000 K and depends on the current 
intensity, the degree of arc narrowing and the type and composition of plasma forming gas [5]. 

It is possible to cut all electrically conductive construction materials. Non-metallic materials 
can only be cut with independent arc plasma torches. Unlike oxygen cutting, plasma cutting 
allows for cutting materials such as aluminum and its alloys as well as high-alloy steels [7]. 

The plasma cutting process is used for manual, mechanized and robotic cutting of steel and 
independent metals at high speeds in all positions. Thanks to the high temperature of the plasma 
arc, cutting begins immediately, without heating. The disadvantage of the process is very high 
noise levels, electric shock hazard, strong arc light radiation, large amounts of gases and fumes. 
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Currently, a dynamic development of hand-held devices and numerical machines for plasma 
cutting is observed. The main development directions concern improvement of technical 
parameters of cutting devices, obtaining high quality of cutting surface and increasing cutting 
accuracy [8, 9]. It may be of particular interest in the preparation of hydraulic accessories 
requiring high tightness [10-12], difficult-to-cut materials [13-15] and precise processing of 
smart plates [16, 17]. This method of cutting should significantly reduce the number of failures 
and non-conformities, which will affect the efficiency of management systems [18, 19]. Thanks 
to the cutting with minimal heating, damage leading to corrosion is avoided, which may be 
beneficial in the production of agricultural machinery parts that are exposed to contact with 
chemically aggressive biological agents [20]. Last but not least, plasma cut edges have a very 
interesting geometry and microstructure, which should inspire the development of theoretical and 
practical image analysis methods used in materials science [21, 22]. 
Materials and cutting parameters 
50 x 5 x 250 mm samples made of copper, 0H18N9 stainless steel and S355E low-alloy steel 
were the subject of the study. Five samples of each of the aforementioned material were prepared 
for testing. The thermal cutting was carried out on a stand with a Hypertherm mechanized 
plasma cutter, model Powermax 1650. The plasma cutting holder was guided by a welding 
carriage. The scheme of the plasma cutting process is shown in Fig.1. The cutting parameters 
were selected experimentally. The following parameter values were adopted: 
– cutting speed 0.8 m/min (for 0H18N9 and S355E steel) and 0.5 m/min (for copper), 
– cutting current 40÷80 A, 
– 60% duty cycle, 
– plasma gas - air with a pressure of 0.62 MPa, 
– rated air flow of 250 l/min. 
The cut samples were subjected to the following tests: 
− observation of cut surfaces with a stereoscopic microscope, 
− microgeometry measurements. 

 

Fig. 1. The scheme of the plasma cutting process 

Results and discussion 
Surface geometric structure (SGS) substantially influences many processes that occur in the 
outer layer. A lot of publications deal with measurement methods and the assessment of surface 
roughness and waviness [23, 24]. 

Measurements of surface geometric structure were carried out at the Laboratory of Computer 
Measurements of Geometric Quantities of the Kielce University of Technology. 
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Selected results of microgeometry measurements for individual materials are presented in the 
form of graphs, which are presented in Figures 2÷4. Exemplary protocols for measuring the 
microgeometry parameters of the tested samples are presented in Figures 5÷7. 

Figure 2 shows that the smallest roughness of the cut surface was obtained at a cutting current 
of I = 70 A and was Ra = 7.76 µm, the largest roughness was obtained at a current I = 40 A and 
was Ra = 13.7 µm. 

In the case of cut samples of OH18N9 stainless steel, it appears that the smallest roughness of 
the cut surface Ra = 20.2 µm was obtained at a cutting current of I = 60 A (Fig. 3). The largest 
roughness of the cut surface was created at the current I = 50 A and was Ra = 27.7 µm. 

While analyzing Figure 4, it was found that the smallest roughness of the cut surface was 
obtained at a cutting current of I = 60 A where the roughness was Ra = 2.95 µm, and the largest 
Ra = 13.1 µm at a cutting current of I = 40 A. 

 

Fig. 2. Selected microgeometry parameters for copper samples 
 

 

Fig. 3. Selected microgeometry parameters for 0H18N9 steel samples 
From the graphs presented in Fig.2, Fig.3 and Fig.4, we can read that the smallest values of 

roughness of the cut surfaces of the tested materials occur at a cutting current of 60 to 70 A. 
In the further part of the research, stereoscopic observations of the cut surfaces were made 

using a set consisting of an OLYMPUS stereoscopic microscope and a digital camera. Examples 
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of photographs of cut surfaces of samples of copper, OH18N9 stainless steel and S355E low-
alloy steel are presented in Figures 5a–5c. 
 

 

Fig. 4. Selected microgeometry parameters for S355E steel samples 
 

 

Fig. 5. Stereoscopic photographs of surfaces cut with plasma (x8 magnification): 
a) sample from Cu - I = 60 A, b) sample of OH18N9 steel - I = 40 A,  

c) sample of S355E steel - I = 80 A 
While analyzing stereoscopic photographs of cut surfaces, we can observe that at a cutting 

current of 80 A, the copper sample is not cut, only melted. The lower edge shows the oxidized 
form and slag. By reducing the current to 70 A, we get a cutting surface with a lower roughness 
with a small amount of slag on the bottom edge. The most accurate surface was obtained at a 
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current of 60 A. A reduction of the cutting current to 50 A caused the cut surfaces to be 
characterized by considerable unevenness. At 40 A, the material was not cut completely. 

When analyzing stereoscopic photographs of cut surfaces of OH18N9 steel samples, we can 
see that the most favorable surface quality effect occurred when cutting the material at a current 
of 40 A. 

However, observing stereoscopic photographs of the cut surfaces of S355E steel samples, we 
can conclude that the best cutting results were obtained at a current of 80 A. The most adverse 
cutting occurred at a current of 50 A, as evidenced by slag on the lower edge of the cut surface. 
Summary 
The lowest roughness values of the cut surfaces of samples of copper, OH18N9 steel and S355E 
steel were obtained at a current of 60÷70 A. While analyzing stereoscopic photographs of the cut 
surfaces of the samples, we can see traces of cut in the form of oblique grooves and a 
characteristic slag overhang on the bottom edge of the cut material. When assessing the 
geometric structure of the cut surfaces, at a later stage of the study, chemical composition and 
structural changes that occur in the material as a result of the plasma arc should be performed. It 
also seems advisable to take measurements of the cut surface hardness and the heat affected 
zone. 
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