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ABSTRACT	
The article presents the results of studies on surface roughness and 
microhardness of C45 steel elements after laser cutting, and then finishing milling or 
burnishing. The aim of milling was to get rid of the characteristic “striae” after laser 
cutting and to improve geometric accuracy. Burnishing caused hardening of C45 steel 
elements’ surface layer after laser cutting and improvement in surface roughness. In 
order to measure surface roughness, the Hommel-Etamic device T8000 RC120 – 400 
with software was used. The roughness parameters that were analyzed in the article 
were: amplitude parameters, height parameters and Abbott-Firestone curve. The mi-
crohardness measurements were made with the use of Vicker’s hardness test with a 
weight of 50 g. As a result of the finishing of the surface after cutting, a decrease in 
surface roughness and improvements in functional qualities were noticed. In addition, 
hardening of the edgeside area also occurred, which is an advantageous phenomenon.
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INTRODUCTION

Due to its numerous advantages and a wide 
range of applications, laser cutting is more and 
more often used as a method of material division 
in industrial conditions.

The use of a coherent laser beam to cutting 
affects the geometric structure, microstructure, 
geometric accuracy and residual stresses. The 
constraints that relate to the use of the semi-fin-
ished product in the consecutive production pro-
cess also result from some discrepancies on the 
cut elements’ surface and edges [22] and the lack 
of the outline’s perpendicularity to the surface of 
the cut plate [1].

Stereometric features of the laser-cut objects’ 
surface layer result from the overlap of thermic 
and hydrodynamic processes [12]. The charac-
teristic striae appear on the cut surface, which 
indicates that the material escapes from the cut-

ting kerf [9, 3]. Their presence is caused by oscil-
lation of the laser head, laser power fluctuation, 
gas flow fluctuation and hydrodynamic flow of 
molten metal [6]. 

During laser cutting, some intense chemical 
reactions occur. The heat coming from the mol-
ten metal penetrates to cold areas surrounding the 
cutting kerf, which causes structural alternations 
close to the cutting kerf. This, in turn, causes in-
crease in hardness [9]. Microcracks often appear 
on the cut plates surface and, when it comes to 
carbon steel, the surface oxidation occurs [5, 7]. 

During laser cutting, material becomes inten-
sively heated, and then cooled very quickly with 
the use of the associated gas [18]. Molten mate-
rial solidifies in unstable conditions, what results 
in the residual tensile stresses formation [5].

The occurrence of some undesirable effects 
on the laser cut elements, surface and some ad-
verse surface layer features of the objects repre-
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sent strong indicators for the necessity of after-
machining of those elements.

Many studies show the research on the use of 
burnishing to rebuild stereometric and physical 
properties of the surface layer after electron – dis-
charge machining [11] and laser hardening [13]. 

Burnishing is also used as an after-machining 
process and it is aimed at improving the surface 
layer’s properties of the burnished objects. After 
burnishing, the decrease in surface roughness [4, 
8] and the increase bearing ratio [4, 20] may occur. 
Some methods of burnishing enable shaping of the 
lubricating microgrooves on the burnished surface, 
which increases the surface’s resistance to abrasive 
wear [2, 15]. Burnishing may also be used as a 
method of machining that makes it possible to im-
prove the adhesive properties of the surface [14].

An important result after burnishing is the 
improvement in the physical properties of sur-
face layer. Study conducted with the use of posi-
tron annihilation method showed that burnishing 
causes the change in concentration of crystal lat-
tice defects, which results in formation of com-
pressive stresses on the surface layer [21]. One 
of the most important results of the change in the 
surface layer of the burnished objects is the in-
crease in the resistance to fatigue wear [19, 16]. 
Another positive result of burnishing, apart from 
the improvement in the surface layer features, is 
rounding of edges of the machined object [10]. 

Taking into consideration beneficial effects of 
burnishing, it was considered relevant to analyze 
the possibilities of using burnishing as a method 
of after-machining after laser cutting.

The aim of the research was to assess the in-
fluence of the chosen methods of after-machining, 
i.e. milling and burnishing, on the chosen surface 
layer properties of the laser-cut objects.

METHODOLOGY

In the research the samples each measuring 
5×8×100 mm and made of non-alloy C45 steel, 

whose chemical composition and properties were 
presented in table 1, were used. This type of steel is 
widely used in mechanical engineering industry. It 
is used in production of moderately loaded machine 
elements, such as: spindles, shafts, axes, unhardened 
gear wheels, discs, levers, wheel hubs. The samples 
were made with the use of the laser cutting system 
LASER Amada 3000 W with standard parameters. 

Peripheral milling process was conducted 
with the use of Sandvik double-bit flycutters 
of the diameter of 20 mm with insert 215880 
APKT10 covered with TiN coat, and for the fol-
lowing technological parameters: ap = 0,12 mm, 
vc =102 m/min, fz = 0,067 mm/tooth. The mill-
ing process was conducted on vertical machining 
center FV-580a. The depth of cut ap was selected 
so that during the milling process only the layer 
that was hardened during the laser cut process 
was removed.

Burnishing was conducted on the turning 
lathe C11/MB. A burnisher consisting of a set ex-
erting feed force and a burnishing element, which 
was a Silicon Nitride (Si3N4) 8 mm diameter (dN 
= 8 mm) ball (see Figure 1), was used as a tool. 
Silicon Nitride shows weak adhesive interaction 
with steel.

Table 1. Percentage chemical composition and mechanical properties of C45 steel

Chemical composition (average), [%]
C Mn Si P S Cr Ni Mo Fe

0,48 0,74 0,36 0,011 0,01 0,09 0,02 0,002 rest

Yield strength  (min.) Re = 430 MPa

Tensile strength (min.) Rm = 740 MPa

Hardness (min.) 250 HB

 
Fig. 1. Schema of the process burnishing: 1 – sample, 

2 – holder, 3 - burnishing tool, 4 – tool post
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During the machining process, the samples 1 
were fixed in a special disc-shaped handle 2 with 
four rows for flat samples of maximum width of 
15 mm. During the process of burnishing, the disc 
was performing rotary motion, and, in the same 
time, it was pressing the burnishing ball at con-
stant force F against a machining object. Figure 1 
depicts kinematics of burnishing. The machining 
process was conducted for the following param-
eters: burnishing feed f = 0,05 mm/rev, burnish-
ing force F = 720 N, burnishing speed vN = 24 m/
min, ball diameter dN = 8 mm.

Surface roughness measurements were per-
formed with the use of T8000 RC120-400 appli-
ance by Hommel-Etamic, which enables setting the 
amplitude and height parameters, bearing ratio and 
Abbott-Firestone curve parameters. The following 
parameters were determined: Ra- arithmetic mean 
of the roughness profile ordinates, Rz- the highest 
height of roughness profile and Abbott-Firestone 
curve parameters, Rk – roughness core depth, 
Rpk- reduced elevation height, Rvk – reduced val-
ley depth. Bearing ratio Rmr was determined at the 
reference level c = 1 µm below zero values. The 
zero value was set at 5% distance from the highest 
height of the whole roughness profile height. Set-
ting the carrier length coefficient of the profile this 
way enables to reduce the influence of the extreme 
heights on the results of the measurement of bear-
ing ratio of surface roughness [17]. 

Microhardness measurements were per-
formed using Vicker’s method with the use of  
microhardness tester LM 700AT by Leco on 

perpendicular microsections and microindenter 
weighing 50 g. 

RESULTS

The results of the study show that the con-
ducted machining processes resulted in stereo-
metric and physical changes in the surface layer 
after laser cutting.

Figures 2 and 3 depict the measurements of 
surface roughness with relation to the conducted 
machining process. According to the data found in 
literature [6], the surface after laser cutting is char-
acterized by two zones of differentiated rough-
ness. Ra, Rz and Abbott-Firestone curve parame-
ters are twice as high in the laser beam output zone 
than in the laser beam input zone. Burnishing that 
was conducted after laser cutting results in triple  
decrease in the amplitude and height parameters 
with relation to the laser cut surface. In the same 
time, the improvement in Rpk and Rk parameters 
occurs.  

The milling process causes the removal of 
the characteristic striated structure, which, in 
turn, causes almost total elimination of laser 
beam input and output zones. Ra and Rz rough-
ness parameters values, in relation to the laser cut 
surface, are about ten times lower. The changes 
also occur in the Rk parameters, which describe 
functional surface behaviour. Rpk parameter was 
about seven times lower for the input zone and 
about thirteen times lower for the output zone. It 

Fig. 2. Effect of treatment onto surface roughness parameters Ra and Rz
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means that the surfaces after the milling process 
will be marked by lesser wear in movable contact 
of two elements. The confirmation of this regu-
larity is the increase in the bearing ratio of the 
surface roughness profile (Figure 4). As a result 
of finishing milling and burnishing processes, the 
Rvk parameter’s value decreases. It means that 
the conducted machining causes the decrease in 
retention capacity of the lubricant. 

Abbott-Firestone curve after laser cutting 
should be qualified as a degressive-progressive 
curve (Figure 5a). It is characterized by a wide 
angle of inclination. The surface described by 

this type of curve has “sharp” vertices of micro-
inequalities and low bearing ratio (Figure 4). The 
profile of such surface is called a “narrow mid-
dle” curve [17]. It means that the laser cut surface 
is characterized by low abrasive wear resistance. 
After finishing milling, Abbott-Firestone curve is 
still a steep curve (Figure 5c). However, it is char-
acterized by high bearing ratio for the input zone 
Rmr(1) = 75,68% ± 6,5%. It is connected with 
the removal of the striated structure, which has 
numerous heights and depths. The process of bur-
nishing causes the flattening of micro-inequalities 
vertices, Abbott-Firestone curve becomes a pro-

 
Fig. 3. Effect of treatment onto Abbott – Firestone curve parameters

 
Fig. 4. Effect of treatment onto bearing ratio
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gressive curve, which signifies the increase in re-
sistance against abrasion (Figure 5b). This curve 
should be qualified as a “wide middle” curve.

During the performed machining processes, 
some changes in the edgeside area occur (Fig-
ure 6). The heat transported to the material 
during the process of laser cutting causes hard-
ening of the area near to the edges of the cut, 
which in turn causes changes in structure and 
increase in microhardness. The width of the 
heat-affected zone (HAZ) is about 0,3 mm. As a 
result of laser cutting, microhardness of surface 
layer in the area of the edges of the cut triples, 
and together with the increase in the distance 
from surface it decreases to the microhardness 
of the core. Burnishing causes the increase in 
dislocation density, what in turn leads to hard-
ening of the surface layer. The increase in hard-
ness is about 7%, and thickness of the hardened 
layer is about 55 µm. During finishing milling 

of the laser cut objects, a part of surface layer 
with the highest rate of microhardness is being 
removed. However, the very process of milling 
contributes to hardening of a small area very 
close to the edge. It is caused by mechanical 
interaction of cutting edges.

CONCLUSIONS

In this study the effects of the type of an after-
machining process upon the chosen surface layer 
of C45 steel after laser cutting were examined. 
The following conclusions sum up the results of 
the performed studies: 

1.	 Burnishing of the surface after laser cutting 
enables to improve the roughness parameters 
Ra, Rz, Rpk, Rk. In the same time, hardening 
of the edgeside area occurs, which is an ad-
vantegous phenomenon.

2.	 The conducted after-machining processes of 
the surface after laser cutting cause the de-
crease in the height of the surface roughness, 
which in turn leads to the increase bearing ra-
tio the roughness profile and the improvement 
in performance level.

3.	 The conducted finishing milling process of the 
surface after laser cutting eliminates zones of 
the differentiated roughness. In consequence 
of the performed machining process, the sur-
face layer with the highest microhardness rate 
is removed, and also the thickness of the hard-
ened layer is decreased. 

 
Fig. 5. Abbott – Firestone’a curve after: a) laser cut-
ting, b) laser cuttig and burnishing, c) laser cutting 

and milling

c)

a)

b)

 
Fig. 6. Microhardness distribution of C45 surface 

layer after laser cutting, laser cutting and burnishing 
and laser cutting and milling
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