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Abstract – Cutting of material forms an integral part 

of the production process. Many technologies are used 
to cutting materials, each of which is optimally used. 
Each of the used technologies has advantages and 
disadvantages that prevent universal use. Presented 
paper is focused on assessment of the effect of traverse 
speed on surface roughness after laser cutting of non-
alloy structural steel. The introductory part of the 
article describes the basic terminological aspects 
related to the solved problems. Specifically, this section 
is focused on the issue of laser beam cutting 
technology, specifying its advantages and 
disadvantages with regard to the assessment of surface 
roughness parameters. The second part describes the 
material and methods that were applied during the 
experiment. Then the experiment is described, and the 
Results and Discussion section evaluates the results 
obtained from the experiment.   

 

Keywords – traverse speed, surface roughness, non-
alloy structural steel, laser cutting. 
 

 
1. Introduction 

 

The laser is determined as a quantum - electronic 
electromagnetic radiation amplifier. It is the source 
of intense monochromatic, temporal and spatially 
coherent radiation. The principle is based on 
stimulated photon emission in an active laser 
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environment. In the engineering industry, it is 
possible to mark, engrave, melt, alloy, drill, and 
weld, etc., by the laser device. One of the 
possibilities of using a laser device is also material 
cutting [1],[2]. At present, laser cutting of materials 
is available and efficient technology used in the 
engineering industry. Due to its properties, such as 
the minimal heat-affected zone, or the focusing of the 
beam energy into a thin bundle, creating a smooth, 
precise and extremely thin cut, which in most cases 
does not need additional processing, material 
separation technology is one of the most extensive 
laser applications in the material processing field. [3] 
Thanks to the coherence of the beam, the radiation 
can concentrate radiation to a very small point - 
theoretically the order of magnitude of the 
wavelength, practically 0.1 to 0.001 mm - which, 
according to the literature, can produce energy flux 
densities greater than 108 W. cm-2. Such 
concentrated energy is able to melt virtually any 
known material. The principle of material separation 
by the laser is given in the following figure. 
 

 
Figure 1.  Cutting material by laser technology [4] 

 

The material removal mechanism by laser beam 
consists of [5]: 

 
• the erosive effect of high-energy photon 

particles on the surface of the material, 
• local melting of the surface, 
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• removal of the melt by evaporation or by 
means of an additional compressed gas 
which blows out the melted material particles 
from the cutting zone. 
 

The basic methods of cutting material by a laser 
are [6]: 

 

• laser cutting sublimation - the surface of the 
material is heated by the laser beam to the 
evaporation temperature and the resulting 
vapour on the face of the cut removes the 
inert gas supplied. There is a narrow cut with 
high cutting surface quality. It is only 
suitable for very thin materials, 

• laser cutting fusible - the molten material is 
removed from the cutting zone by a strong 
stream of inert gas. The surface of the 

material is heated only to the melting 
temperature so that less energy per unit 
length of the cut is required. The 
disadvantage is deterioration of the cut 
quality caused by the hardening droplets at 
the lower edge of the cut,  

• laser cutting with active gas - most of the 
oxygen is used, which causes an exothermic 
reaction in the combustion of the base 
material, thus achieving a faster heating, 
higher cutting speed with a good cutting 
surface. 
 

Like any technology, laser cutting technology has 
its advantages and disadvantages. The main 
advantages and disadvantages are given in the 
following table. 

 
Table 1.  Advantages and Disadvantages of laser cutting technology [7] 

Advantages Disadvantages 

contactless machining (without direct tool damage) High set-up price 
adaptability (changing technology does not require tool 

change), cutting fluid is not needed (no mechanical chips), 
the operation is quieter than other technologies, 

Qualified operator requirements 

the laser beam can be separated and individually pass 
through a series of mirrors, the heat affected zone is 

minimal 
High-level security measures 

the technological process can be automated and robotic, 
toxic substances can be removed by simple extraction, 

material saving, 
Low process efficiency of 0.2-15% by material type 

very narrow cutting gap, high-quality cutting surfaces the occurrence of conicity of the cut 
high cutting speed in all directions  
expansion of technological options  

  

Each machining technology leaves some 
characteristic features on the surface, forming a 
particular surface condition. The macro unevenness 
and micro unevenness are created on the machined 
surface. The appropriate surface quality of 
components is one of the requirements for the correct 
function of the equipment and significantly affects 
the life of the components. [8] One of the basic 
indicators of the geometric structure of the material is 
the roughness of the surface. Surface roughness 
represents the height of the real surface roughness 
due to a perfect and ideally smooth surface, with a 
sum of the roughness of the surface with relatively 
small distances, which usually contain inequalities 
resulting from the production method used or other 
influences. [9] It is understood as a part of geometric 
deviations with a relatively small distance of 
inequality. Laser roughness results from the melting 
of the material at the point of separation and depends 
on the feed rate of the nozzle. [10] The quality of the 
cutting area also greatly affects laser performance, 

the optical properties of the beam, or cutting 
material. The quality and width of the cutting joint 
depends on performance, velocity, gas pressure in the 
nozzle, and focusing. 

 
2. Material and Methods 

 

The TRUMATIC L 4030 Laser Splitting Center 
(Figure 2.) was used to carry out the experiment. 
This CO2 laser cutting center operates on the 
principle of moving the laser beam over the work 
surface, which is achieved independently of the size 
of the metal sheet of high separation speed. This 
machine has a work area of 4000 x 2000 x 115 mm 
in x-y-z-axes. Parallel to the axes, a maximum speed 
of 60 m / min can be set and simultaneously up to 85 
m / min. The machine has a Sinumerick 540 D 
control unit with the smallest programmable path of 
0.01 mm. 
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Figure 2.  TRUMATIC L 4030 – laser cutting machine 
 

The Surtronic 3+ device, which works on an 
electro-inductive principle, has been used to measure 
surface roughness. This device has a measuring range 
of 300 μm, a resolution of 0.01 μm and a diamond 

point with a radius of 5μm. The scanning range is 
within 0.25mm - 25mm. 

The S355JO steel with fine grain structure and 
excellent weldability were used as the experimental 
material used in the engineering industry for the 
production of welded structures, bent profiles, cars, 
motorcycles, and the like. This steel is characterized 
by good strength, toughness and formability. The 
physical, chemical and mechanical properties of this 
steel are shown in the following tables (Table 2. and 
Table 3.). 
 
Table 2.  S355JO – chemical composition 
 

C Mn Si P S N 
max 
0,20 

max 
1.60 

max 
0.55 

max 
0.04 

max 
0.04 

max 
0.009 

 
 
Table 3.  S355JO – physical and mechanical properties 
 

Physical properties 
Density 
[kg.m-3] 

Specific heat 
capacity 

[J.kg-1.K-1] 

Thermal coefficient 
of expansion 

[K-1] 

Thermal 
conductivity 
[W.m-1.K-1] 

Conductance 
[mS.m-1] 

7850 458 1.7.10-6 53.4 5.9 
Mechanical properties 

semi-
finished 
product 

Dimension 
 [mm] 

Yield strength 
[MPa] 

Tensile strength 
[MPa] 

Modulus of 
elasticity [GPa] 

Sheet 
metal 

16 - 40 345 490 - 630 206 

     
3. Carrying out of the experiment 

 

    To ensure relevant results, three sets of samples 
were produced, each containing 10 pieces of two 
types (Fig. 3.). The roughness of the deformed 
surfaces was analyzed and evaluated on the produced 
samples. The parts were made of 4 and 6 mm thick  
 
 

 
sheets on a CO2 laser cutting machine, which is listed 
in the Material and methods section. 

There were 3 sets of 10 pieces of both samples, each 
set divided by another speed. The overview of cut 
sample files is in the following table. 

 
 

 

 
Figure 3.  Samples 
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Table 4.  Parameters of experiments 
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Sample 
A S355J

O 

6 3 
1.40 10 0 0 0 

180 2.60 10 3 3 9 
2.80 10 3 3 9 

Sample 
B 4 4 

1.45 10 6 2 12 
360 1.90 10 6 2 12 

2.90 10 6 2 12 
 

The contact method was used to measure surface 
roughness parameters. The measurement was carried 
out using a tip that moves over the surface of the 
object to be measured and measured the roughness 
characteristics of the surface Ra that was directly read 
on the display of the roughness device. The measured 
and evaluated surface roughness parameter read from 
the roughness device was the mean arithmetic 
deviation Ra defined in STN ISO 4287: 1999 
standard. 

On sample (type A), roughness values were to be 
measured at the upper (UA), middle (MA) and lower 
cutting areas (LA), which were 0.5-1 mm apart from 
the edge of the sample (Figure 4.). 

 

 Figure 4.  Classification of cutting area (Sample A) to 
measured parts 

Three measurements of roughness at regular 
distances on the surface of each sample (Figure 5.) 
were performed on the cutting surface due to its small 
dimensions. The total number of measurements was 
180.  

 
Figure 5.  Classification of cutting area (Sample A) to 

measured sections 

 

On sample B with dimension 84.5 x 84.5 x 4 (mm), 
the roughness values were measured on the top (UA) 
and the lower split area (LA) (Figure 6.), which were 
approximately 1 mm from the edge of the sample. 

 

 
Figure 6. Classification of cutting area (Sample B) to 

measured parts 
On the surface, six roughness measurements were 

performed at regular intervals on one cutting surface 
of each sample (Figure 7.). The total number of 
measurements was 360, as a result of which the 
amount of data characterizing the quality of the 
cutting area was obtained. 

 

 
Figure 7. Classification of cutting area (Sample B) to 

measured sections 
 

The cutting process was performed at three different 
speeds. The software automatically selected a feed 
rate of 2.90 m / min, according to the default 
parameters. In order to obtain objective data, the 
speed of separation of another set was 1.90 m / min 
and the last set was 1.45 m / min in cooperation with 
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the laser machine operator. The aim was to determine 
the quality of the cutting edge quality by the feed rate 
of the cutting nozzle. 

 
4. Results and discussion 

 

For group samples (type A) cutting by a nozzle feed 
rate of 1.40 m / min, the surface of the cutting area 
was slightly corrugated as a result of melting of the 
material, Figure 8. This warping caused problems in 
performing the measurement using a roughness 
device, which in this case was not able to measure Ra 
values in objective accuracy. It was no longer the 
roughness parameters, but the waviness of the cutting 
area. 

 

 
Figure 8. Warping of the cutting area – feed rate 1.40 

m/min 
Figure 9. is a schematic view of the split surfaces of 

sample A at specified speeds. At a speed of 2.80 m / 
min (shown above), the cut surface is smooth, 
perpendicular without significant traces after the 
blowing gas. 

 
Figure 9. Cutting areas – Sample A (v = 2.80 m/min – on 

top, v = 2.60 m/min – in the middle, v = 1.40 m/min- at the 
bottom) 

 

At a cutting speed of 2.60 m / min (in the middle of 
the picture), more noticeable traces can be observed, 
the surface is scored, the molten metal hardens to 
form a finely wavy surface. 

Group B samples divided by a feed rate of 2.90 m / 
min exhibited a clean, perpendicular cross-section 
even with fine traces of the blown gas. It can be seen 
that the top and bottom edges are clean, without 
unnecessary burning. The roughness of the split edge 
shows roughness values ranging from 0.70 to 1.47 
μm. The surfaces are perpendicular and clean and 
achieve the smallest roughness values. 

This phenomenon is graphically described in Fig. 
10., where it can be seen that the Ra parameter of the 
upper partition area and the lower surface are 
considerably different, which can also be observed 
visually. The cutting area is optically divided into two 
zones where the lower surface has roughly half the 
roughness at an average of 0.70 μm. The surface is 
perpendicular, smooth, clean, mirror-glossy. The 
molten material is not blown out of the cutting area 
with sufficient force and therefore accumulates at the 
lower edges where it is melted by the surface tension 
and creates a finer surface structure. 

 

 
Figure 10. Roughness dependence in the cutting area 

(cutting speed – 2.90 m/min) 
 

During the cutting of sample B at a feed rate of 1.90 
m / min, changes in the roughness of the upper and 
the lower area can be observed, with the average 
surface roughness of the upper surface decreasing to 
0.92 μm and the average roughness of the lower 
surface increased to 3.15 μm. Specifically, measured 
data is shown in the following figure.  

 
Figure 11. Roughness dependence in the cutting area 

(cutting speed – 1.90 m/min) 
 

During the cutting of sample B at a feed rate of 1.45 
m / min, changes in the roughness of the upper and 
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lower surfaces can be observed, with an average 
surface roughness of 2.31 μm and average roughness 
of the lower surface being 2.11 μm. 

 
Figure 12. Roughness dependence in the cutting area 

(cutting speed – 1.45 m/min) 
 

Zones differing from each other by different 
roughness, their width and their ratio are evident from 
Fig. 13., at a rate of 1.90 m / min, their ratio ranges 
from 1: 2 to 1: 4 (LA: UA). Their interface is more 
visible, easier to estimate due to a greater difference 
in roughness values. 

 

 
Figure 13. View of divided areas of evaluated samples B 
The evaluation of the experiment revealed where the 

feed rate of the split nozzle does not directly affect the 
roughness of the split area. The quality of the split 
area depends on the splitting speed. At 2.90 m / min, 
the software automatically picks up the roughness 
values at an average of 1.47 μm between the 
roughness at break speed of 1.45 m / min (top) and 
the roughness at a speed of 1.90 m / min (bottom). 
The average roughness at a separation speed of 1.90 
m / min is 0.92 μm and at a cutting rate of 1.45 m / 
min is 2.31 μm. This is an interesting knowledge 
especially because of the economic one because the 
direct intention is that at a lower speed a more subtle 
microstructure of the divided surface will be created. 
The optimum separation velocity between the values 
used in the experiment, in this case, is 1.90 m / min 
when the roughness criterion of the split area is the 
main criterion. 

 
 
 
 
 

5. Conclusion 
 

By evaluating the experiment, it was found that the 
laser beam displacement velocity differs differently 
on the microgeometry of the total divided area. The 
largest differences were found at the bottom surface 
roughness. The upper and lower surfaces showed a 
different quality in most samples, with the difference 
in the quality of the lower and upper partition areas 
not being very noticeable in the case of split materials 
of smaller thickness. At the 2.90 m / min division, 
which the program automatically chooses, it appears 
that the measured roughness values are at the level of 
a compromise between productivity gains and the 
quality of the split product area. Also, because of the 
further use of the product, this roughness is 
acceptable because it is not a functional surface. The 
products used in the experiment are intended for the 
subsequent welding operation and further assembly 
into the assembly unit. Because in practice the main 
emphasis is placed on the flexibility and speed of 
production at the smallest cost, this finding is very 
important for speeding up the laser dividing process 
at constant operating parameters and at unchanged 
costs. 
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