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EVALUATION  OF  SELECTED  PROPERTIES  OF  A  SURFACE  LAYER 
AFTER  MILLING  USING  INSERTS  WITH  DIFFERENT  COATINGS
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 Abstract:  The article presents a comparison of results of measurements of the geometrical structure of milled surfaces 
with inserts with different coatings. The study was done on a vertical milling centre. The first step was to 
determine the properties of milled surfaces using new inserts. For this purpose, an optical apparatus was used. 
The samples were then subjected to continuous treatment. Upon completion of the declared quantities of 
machining cycles, these surfaces were analysed. This allowed us to determine the influence of the coating of 
the inserts on the surface layer of milled surfaces continuously.

 Słowa kluczowe:  frezowanie, warstwa wierzchnia, powłoki, płytki skrawające.

 Streszczenie:  W artykule przedstawiono porównanie wyników badań pomiaru struktury geometrycznej powierzchni frezo-
wanych z  wykorzystaniem płytek o różnych powłokach. Badanie zostało wykonane na pionowym centrum 
frezarskim. Pierwszym etapem było określenie właściwości struktury powierzchni frezowanych z wykorzy-
staniem płytek nowych. Posłużyła do tego aparatura stykowa i optyczna. Próbki zostały następnie poddane 
obróbce ciągłej. Po wykonaniu zadeklarowanych ilości cykli obróbkowych powierzchnie te zostały poddane 
analizie. Pozwoliło to na określenie wpływu powłoki płytki na warstwę wierzchnią powierzchni frezowanych 
ciągle. 
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INTRODUCTION

As industry grows, the demand for production 
increases, including manufactured machines as well 
as components for further production. The production 
of these components is largely based on machining. It 
is a kind of processing of metal and other materials, 
which consists in imparting certain features (shape, 
dimensions, roughness) by removing excess material 
to the specified allowance [L. 1]. Tools used for these 
purposes are adapted to the specific type of workpiece. 
Tools are made of harder material than the workpiece. 
The most commonly used tools for this purpose have 
been carbide tools and high speed steels. Tools made of 
these materials are characterized by their durability and 
vitality. The development of technology and the demand 
for new types of materials has made existing tools no 
longer effective in processing materials. Introducing 

new alloys with modified chemical compositions has 
prevented the use of cutting tools that have been used 
so far. These tools are too worn out or damaged in the 
initial processing. The durability of tools used, e.g., in 
metalworking, is one of the key performance parameters 
of the process. Continual replacement of tools with new 
ones results in lower productivity and also increased 
costs. The solution to these problems was to modify 
existing tools [L. 2–3]. These tools are covered with 
coatings that increase their strength (improved cutting 
properties). This made it possible to cut many materials 
as well as increase tool life.  There are many methods of 
covering the tools with coatings as well as many types of 
coatings.  This allowed us to create tools adapted to the 
treatment of specific groups of materials [L. 4].

The article presents the influence of cutting inserts 
on selected properties of the surface geometry. Two 
types of cutting inserts have been selected for testing 
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purposes, which are used for the treatment of steel. The 
first one was coated with Ti (C, N) + Al2O3, TiC/TiN-
CVD and Ti (C, N) + Al2O3. The material was C45 steel. 

METHOD  OF  MEASUREMENTS

C45 (1.0503) steel was used for research purposes. Steel 
C45 is commonly used for the manufacture of bodies and 
moulds. It has high durability and considerable ductility. 

It is used in standardized and improved condition, as well 
as surface hardened, on medium-weight and abrasion-
resistant machines, such as crankshafts, axles, spindles, 
and gears. Table 1 shows the chemical composition of 
the steel. Samples were circular in shape with a diameter 
of 45 mm.

Two types of cutting inserts were used for the 
research purpose: RDHX 12T3 MOTN ST1400  
[L. 5], RDHX 12T3 MOTN ST900 [L. 6]. These are 
12 mm circular cutting inserts having the same sintered 

carbide base and differ in their coatings. The RDHX 
12T3 MOTN ST900 cutting board has TiC / TiN-CVD, 
Ti (C, N) + Al2O3 coatings. The RDHX 12T3 MOTN 
ST1400 cutting board had Ti (C, N) + Al2O3. These 
plates were mounted in a Garant 212145 face tool  
[L. 7]. The surface planning process was performed on 
the vertical milling centre DMU 50 MONOblock. This 
is a 5 axis CNC numerically controlled milling machine 
on the Heidenhain iTNC530. The workpieces were 
mounted in a triple-screw holder on the machine table. 
Samples for each plate were treated under the same 
treatment conditions shown in Table 2. All processing 
parameters were machined with a single cutting insert. 
Each of the milled surfaces was made in 4 passes due to 
the width of the used milling head. The surface planning 
process was repeated 60 times. No processing fluid was 
used.

The surface measurements of the milled material 
were made using the Taylor Hobson TALYSURF CCI 
Lite optical profilometer. This is a tooling that, due to 
its capabilities, is adapted to this type of measurement 
[L. 8]. Measurements were made at 1.6 μm per 1.6 μm, 

Table 1. Composition of C45 (1.0503)
Tabela 1. Skład chemiczny stali C45 (1.0503)

Table 2. Milling parameters
Tabela 2. Parametry obróbki

and a 10x lens was used, and the sampling rate was 
0.125 μm. Total milling time was 4800 seconds. Surface 
measurements and sample consumption were performed 
at constant intervals.

MEASUREMENTS

The first plate to be measured was a cutting insert: RDHX 
12T3 MOTN ST1400 (Ti (C, N) + Al2O3). A single 
cutting insert mounted in the milling head made surface 
planning. The whole process of defect processing was 
under the same conditions. Measurement of selected 
parameters was performed after 360 seconds of tool 
operation. 

Measurements of surface milled with a Ti (C, N) 
+ Al2O3-coated cutting plate showed that the average 
surface area of the surface was kept to a negligible level. 
Up to 1080 seconds of milling, this is less than 1.1 μm. 
After this time, there is an increase in the parameter 
which may indicate the reaching of the cutting insert. 
Surface asymmetry for the entire machining time range 
is in the range of -1.8844 to 0.3821. The surface curtain 
also grows up to 1080 seconds of machining, and after 
this stage there is a decrease and momentary stabilization 
periods of the parameter. During the measurement of this 
parameter there was a single case of parameter increase 
which may be due to measurement error or dirt on the 
surface being measured. These parameters are shown in 
Figure 1.

Maximum peak height of up to 1080 seconds is 
maintained at low horizontal. After that, the height 
increases. In the case of the maximum height of the 
surface cavity after 1080 seconds of milling, the 
parameter increases and then decreases and stabilizes. 
In the case of measuring the maximum height of the 
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Fig. 1. Sq, Ssk, Sku, Sp parameters of the geometry structure of the surface after 
treatment with the coating Ti (C, N) + Al2O3

Rys. 1.  Parametry Sq, Ssk, Sku, Sp struktury geometrycznej powierzchni  po obróbce płytką 
z powłoką Ti (C, N) + Al2O3

Fig. 2. Sv, Sz, Sa parameters of the geometry structure of the surface after treatment 
with the coating Ti (C, N) + Al2O3

Rys. 2.  Parametry Sv, Sz, Sa struktury geometrycznej powierzchni  po obróbce płytką z powło-
ką Ti (C, N) + Al2O3

surface, it can be observed that the parameter is kept at 
a low level for up to 1080 seconds and then significantly 
increases. The arithmetic mean height of the surface, 
also up to 1080 seconds of machining, is maintained at 

a slight horizontal level, and then increases and stabilizes 
the parameter. Figure 2 shows the discussed parameters.

Surface analysis has shown that up to 1080 seconds 
of the milling process reaches the plate and places it in 

Fig. 3. Surface after cutting with Ti (C, N) + Al2O3 plate after: a) 380 s; b) 4800 s
Rys. 3.  Powierzchnia po skrawaniu płytką Ti(C,N)+Al2O3 po: a) 380 s; b) 4800 s

the tool holder. From 1080 seconds, a significant change 
in surface parameters occurs, which may indicate 
abrasion of the outer surface of the cutting insert. 

Figure 3  shows  the  milling  surface  topography 
after 380 seconds and 4800 seconds for the Ti (C, N) + 
Al2O3 coating. It can be seen that, at the beginning of the 

a) b)
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treatment process, the surface obtained does not clearly 
see the level of projection of the cutting plate profile. 
This shows a low level of tool wear. At the end of the 
machining on the surface, there are obvious traces of the 
tool, which adversely affect the geometry of the surface.

The second test plate was the RDHX 12T3 
MOTN ST900 cutting plate, which had TiC/TiN-CVD,  
Ti (C, N) + Al2O3 coatings. The entire processing process 

was performed with the same parameters as a plate with 
fewer coatings, and the same surface milled properties 
were measured at the same time intervals. 

Measurement (Figure 4) of the surface showed that 
the approximation of the height of the medium-square 
surface maintained steady growth to 2520 seconds. 2880 
seconds later there was an increase in this parameter.  
Up to 2520 seconds, the asymmetry of the surface shows 

increases and decreases that indicate the tool’s break-
in. It is only from 2880 that the parameter is stabilized. 
The surface curtain increases up to 2160 seconds. Then 
after 2520 seconds, it falls and stabilizes. The maximum 
height of the surface peak increased up to 1800 seconds. 
After this time, the parameter stabilization was up 
to 2520 seconds. From 2880 seconds, this parameter 
increased significantly and the approximation remained 
constant.

The maximum height of the surface recess up 
to 1800 seconds was small. After 2160 seconds, this 
parameter increased. After 2160 seconds, there was an 

increase in the maximum height of the surface. After 
2880 seconds, the parameter stabilized. The arithmetic 
mean of the surface increased significantly from 2520 
seconds of surface milling. Based on the results, it is 
assumed that the onset of the outer coating of the plate 
takes place after 2520 seconds. The use of more coatings 
on the cutting plate resulted in a significant improvement 
in the geometric properties of the surface.

The purpose of presenting the distribution of 
selected parameters of the height of the examined 
surface is presented graphically in Figure 5.

Fig. 4. Sq, Ssk, Sku, Sp parameters of the geometry structure of the surface after treatment with the coating Ti (C, N)  
+ Al2O3, TiC/TiN-CVD

Rys. 4. Parametry Sq, Ssk, Sku, Sp struktury geometrycznej powierzchni po obróbce płytką z powłoką Ti (C, N) + Al2O3,  
TiC/TiN-CVD

Fig. 5. Sv, Sz, Sa arameters of the geometry structure of the surface after treatment with the coating Ti (C, N) + Al2O3,  
TiC/TiN-CVD

Rys. 5. Parametry Sv, Sz, Sa struktury geometrycznej powierzchni po obróbce płytką z powłoką Ti (C, N) + Al2O3, TiC/TiN-CVD

Figure 6 shows milling topography after 380 
seconds and 4800 seconds for the Ti (C, N) + Al2O3, TiC 
/TiN-CVD coating. At the beginning of the machining 
process, there are obvious traces of the tool. They are 
kept at a constantly low level, which does not negatively 

affect the geometric structure of the surface. At the end 
of the treatment, the surface of the milled surface may 
deteriorate. Due to the use of more coatings on the plate, 
the surface properties of the topcoat remain low, which 
may indicate a lower wear of the tile.
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CONCLUSIONS

The results of the investigations allowed showing 
the influence of various cutting inserts on the surface 
geometry. Two types of plates were selected for the 
study with the same core but different coatings. The 
first one was coated with Ti (C, N) + Al2O3, the other  
TiC/TiN-CVD and Ti (C, N) + Al2O3. The milled 
material was C45 steel. Based on the type of workpiece 
used and the type of tool used, common parameters for 
both cutting inserts were chosen. 

The results of the investigations allowed showing 
the influence of various cutting inserts on the surface 
geometry. Two types of plates have been selected for 
the study, with the same core but different coatings. The 
first one was coated with Ti (C, N) + Al2O3, the other  
TiC/ TiN-CVD and Ti (C, N) + Al2O3. The milled 
material was C45 steel. Based on the type of workpiece 
used and the type of tool used, common parameters for 
both cutting inserts were chosen. 

The TiC/TiN-CVD and Ti (C, N) + Al2O3 TiC 
surface milling surface obtained a significantly lower 
surface finish. Studies have shown that the cutting 
plate has a low level of surface parameters up to 2520 
seconds. Only after that period did these parameters 
increase. This may prove to be the wear of the outer shell 
of the cutting insert from that moment on. By analysing 
the parameters of the surface structure, it can also be 
stated that their level is lower than that of a surface 
with a smaller number of coatings, which may indicate 
a lower level of its wear.

The use of coatings on cutting inserts significantly 
influences the properties of the topcoat. With more 
coatings on the plate, we get significantly better 
geometric surface geometry in case of measurements. 
This also shows a lower level of tool wear, which 
translates into increased tool life. 
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Fig. 6. Surface after cutting with Ti(C,N)+Al2O3, TiC/TiN-CVD  plate after: a) 380 s; b) 4800 s
Rys. 6. Powierzchnia po skrawaniu płytką Ti(C,N)+Al2O3, TiC/TiN-CVD po: a) 380 s; b) 4800 s

a) b)






