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Abstract: The use of wear-resistant coatings on tool contact areas is one of the most effective methods to enhance
their durability and operational stability. However, when machining hard-to-cut materials, the effectiveness of such
coatings decreases significantly, making it crucial to obtain new data on their failure mechanisms and develop improved
coating compositions. This study investigates the influence of processing conditions, properties of the workpiece mate-
rial, and the composition of wear-resistant coatings on the wear of contact areas and the performance of carbide tools.
Single-layer TiN, TiZrN, and TiSiN coatings were examined, with an evaluation of their stress state and cyclic crack
resistance. The contact areas of carbide inserts were studied using optical methods, and wear tests were conducted dur-
ing turning with specialized equipment. It was demonstrated that both the type of workpiece material and the cutting
conditions significantly affect the coating failure mode and tool life. The advantage of binary coatings, which possess
enhanced mechanical properties and pronounced compressive residual stresses, was established. This contributes to
increased cyclic crack resistance and improved fracture resistance. The obtained results can be used in developing tech-
nological processes for the finish machining of hard-to-cut materials, especially under minimum quantity lubrication

(MQL) conditions or complete absence of cutting fluids.
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INTRODUCTION

The application of wear-resistant coatings on tool con-
tact areas has proven to be one of the most effective tech-
niques for enhancing durability and operational stability.
Operational experience has shown that applying single-
element coatings when machining structural materials —
regardless of whether continuous or intermittent cutting is
used — allows increasing tool life by 1.75 to 4 times, de-
pending on the coating composition and processing condi-
tions. For example, applying TiAIN coatings when turning
SCh18 workpieces increases the service life of VK8 inserts
by 3.3 times [1]. Similar results for TiAIN coatings are pre-
sented in reference [2]. Recent studies on multilayer sys-
tems based on TiAIN/TiSiN/ZrN and TiAISiN/AICrN report
increased hardness, oxidation resistance, and wear re-
sistance due to nanolamination and optimisation of layer
architecture [3; 4].

The improvement of mechanical properties in coatings
can be achieved by introducing nickel and copper. Studies

© Tabakov V.P., Morozov O.1., Kamenov R.U., 2025

[5; 6] have found that the application of TiAIN-Cu and
TiAIN-Ni coatings increases the tool life of carbide inserts
by 3.1 and 1.7 times, respectively, during turning of 09G2S
steel workpieces. Similar results were obtained when mill-
ing EP302-Sh steel workpieces. However, the substrate also
significantly influences the results: increasing the TiC pro-
portion and introducing TaC into WC-Co improves the ad-
hesion and wear resistance of TiAIN films [7]. Furthermore,
the thickness of the TiAIN coating affects surface rough-
ness, residual stresses, and fatigue durability when turning
Inconel 718 — an optimal coating thickness exists for specif-
ic cutting conditions [8].

Ternary nitride coatings demonstrate even higher effi-
ciency; their application additionally increases the tool life
of carbide tools by 1.3 to 2.27 times compared to binary
coatings. Ternary and quaternary nitride coatings of the Ti—
Al-Cr system with Si and Y additions, such as (TiAICr)N,
(AITiCr)N, and (TiAICrSiY)N, are characterised by re-
tained hardness at elevated temperatures, improved thermal
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stability, and high oxidation resistance due to the formation
of protective Al,O3 and Cr,O3 oxide films on the working
surface. The nanolaminated architecture of such systems
increases the number of interphase boundaries, which im-
proves stress distribution and reduces the tendency for de-
lamination. As a result, the development of crater wear is
slowed, and coating behaviour is stabilised when milling
quenched and stainless steels, as well as nickel-based sup-
eralloys [9]. For AICrN coatings, it has been experimentally
demonstrated that when milling quenched SKDI1 steel,
switching to environmentally friendly cooling and lubrica-
tion strategies, such as MQL, cryogenic cooling, and their
hybrid variants, reduces wear intensity and improves sur-
face quality compared to dry cutting [10]. For TiAIVN,
when milling Inconel 718, the dominant mechanisms of
coating and cutting edge failure have been clarified, includ-
ing adhesive and abrasive wear and localised delamination,
with pronounced sensitivity to cutting conditions confirmed
experimentally [11].

High efficiency of cutting tools is ensured by the appli-
cation of multilayer coatings. For modern multilayer
nanostructured systems (e.g., TIAIN/TiSiN/ZrN), improve-
ments in tribological characteristics and suppression of
crack propagation and delamination are noted, which is
attributed to barrier interfaces and stress distribution [3].
Meanwhile, the multilayer TiAISiN/AICrN combination
demonstrates increased resistance to high-temperature oxi-
dation and better wear resistance compared to monolayer
coatings [4].

In recent years, single- and multilayer coatings with
nanostructured layers have been actively studied [12—14].
Research has shown that for machining heat-resistant al-
loys (e.g., Inconel 718), optimisation of coating composi-
tion (Al Si, Cr, V) and architecture (nanolamination, HiP-
IMS) reduces adhesive-abrasive wear, stabilises crater
formation, and enhances tool life [15-17]. Specifically,
when milling Hastelloy C276 and quenched SKD11 steel,
environmentally friendly cooling strategies (MQL, cryo-
genic, hybrid methods) applied to tools with Ti-
SiN/TiAIN/AICrN coatings improve surface quality and
slow wear compared to dry cutting [10; 17]. For materials
prone to sticking, TIAIN/DLC hybrid systems demonstrate
the reduction in adhesive wear and stabilisation of
the cutting processes [18].

Significantly lower effectiveness of wear-resistant
coatings is observed when machining stainless steel work-
pieces. The cutting process when treating these steels is
accompanied by high levels of mechanical loads and in-
tense heat generation. Under such conditions, high adhe-
sive strength, crack resistance, and oxidation stability of
the coatings are critical, as is the correct selection of cool-
ing strategies [16]. Nevertheless, even when working with
nickel-based superalloys and austenitic steels, proper ad-
justment of the coating composition and architecture can
significantly reduce wear intensity [11; 15], while the se-
lection of an appropriate cooling strategy further reduces
wear and improves surface quality [10].

The aforementioned issues necessitate the search for
new, more effective compositions and designs of wear-
resistant coatings. This requires data on the influence of

processing conditions on the failure mechanism of coatings
on the contact areas of cutting tools.

The aim of the study is to establish the relationships
between coating composition and the wear of contact
areas of carbide tools, as well as their performance dur-
ing turning of workpieces made of materials with differ-
ent machinability characteristics.

METHODS

Research objects and materials

As part of this work, single-layer wear-resistant TiN,
TiZrN, and TiSiN coatings were investigated. The coatings
were deposited onto carbide MS318 and VK6 inserts using
a Bulat-3T system (Russia). During the formation of TiN,
three titanium cathodes were used: two titanium cathodes
were employed to produce TiZrN, and one composite cath-
ode with a zirconium insert. The deposition of TiSiN was
carried out using two cathodes made of a titanium-silicon
alloy and an additional titanium cathode.

Determination of mechanical properties of coatings

The mechanical properties of the coatings were deter-
mined according to the methodologies described in [19].
Microhardness and elastic modulus were measured using
a Mitutoyo NH-125 microhardness tester (Japan). For mi-
crohardness measurements, a Vickers pyramid was used
under a 1 N load, while a Knoop pyramid was employed
under a 2.6 N load for the elastic modulus determination,
which was calculated using the formula

HV —a
BT b
d, d

where HV is the Knoop microhardness, GPa;
a is a dimensionless coefficient (a=0.45);
b1, b are the short diagonals of the Knoop pyramid impres-
sion on the lead reference sample and the test sample, re-
spectively;
d\, d are the long diagonals of the impression.

Knoop microhardness was determined as

oy - 12.89-P .
d>

Calculation of crack resistance parameters
The critical stress intensity factor K; was calculated us-

ing the formula:
E ) a
8[((1—\/2) \ ZTE(I—VZ) ’

where K is a coefficient (K=0.107);
v is the Poisson’s ratio (v=0.3);
a is the crystal lattice parameter, m.
The fracture toughness K;c was determined as

KI =
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where o, is the yield strength, GPa;
c is the indentation size, m;
C is the length of the Palmqvist crack, m.

Evaluation of the stress state of coatings

The stress state parameters and cyclic crack re-
sistance indicators were calculated using approaches
described in [20].

The stress state of the coatings was evaluated based on
the magnitude of the total stresses arising during cutting,
which were determined from the expression:

Oy =0 + Gcreep b

where 6=61+Germ+Gres+Ocreep;

o1 is stresses caused by mechanical and thermal loads dur-
ing cutting;

Gmerm 18 thermal stresses caused by the difference in
the coefficients of thermal expansion of the coating and
the substrate;

Gres 18 residual stresses in the coating;

Gereep 18 stresses induced by creep of the tool wedge
material.

The o, component generated during the direct inter-
action between the tool and a workpiece was calculated
from the condition of strain compatibility between
the coating and the substrate, taking into account
the acting stresses o,. The calculation was performed
using the dependence:

E
01 =_G' N
E, "

where E and Ej are the elastic moduli of the coating and
the tool substrate, respectively.

The thermal stress component Guerm, associated with
the difference in the coefficients of linear expansion be-
tween the substrate and the coating, was determined by
the expression

Otherm =

where o and o, are the coefficients of thermal expansion of
the substrate and coating materials, respectively;

AT is the difference between the contact temperature on
the rake face of the tool and ambient conditions;

v is the Poisson’s ratio.

Residual stresses o,.; were determined using a DRON-
3M X-ray diffractometer. The stresses o, and temperature
on the rake face, required for calculating o, and Gem, Were
determined from temperature fields and stress fields in
the tool wedge. These fields were obtained using the ANSY'S
software package and experimental data on the contact
characteristics of the cutting process.

The contribution of the creep of the cutting wedge mate-
rial to the overall stress state was evaluated using the de-
pendence

1
Oreep = EAct3,

where A4 and k are coefficients dependent on the wedge ma-
terial properties and temperature level;

t is the tool operating time.

Determination of cyclic crack resistance

Of particular interest was the cyclic crack resistance of
the coating #., which reflects the time until crack initiation
and is calculated as the sum of two terms:

tc = tcl + th >

where f. is the period of transition of compressive stresses
to tensile stresses;
tc2 is the time for a germ crack to develop to a critical.

For the first component, the expression was used:

3
. 6, +0, +0,+Ac

¢ EAGi ’
where Ac is the stress amplitude in the cycle.

The second #., component was determined numerically
using an integral relation

hdl e 1,097
.[1 42 .f

= —04. )dt
0 2Kjeooh e

.(
Gmax
0o C

where C is the crack shape factor;

Iy is the size of the germ crack;

h is the coating thickness;

Kjc is the fracture toughness of the coating material,

oy is the yield strength of the coating material;

t1 is the chip formation element time (determined according
to the methodology in [19]);

Omin and Gmax are the extreme stresses per cycle.

Methods of experimental research

To study the contact areas of carbide inserts with wear-
resistant coatings, a JSM-35CF scanning electron micro-
scope (Japan) was used. Wear tests were conducted under
turning conditions using workpieces made of 30HGSA
and 12H18NI1O0T steels, as well as SCh30 cast iron and
VT22 titanium alloy. Tool performance was evaluated
based on tool life determined when flank wear reached
0.4 mm during turning of workpieces made of 30HGSA
and 12HI18N10T steels.

For each coating variant, tests were conducted at least
three times. The values presented in the tables are averages;
statistical processing of the results included calculation of
the standard deviation. The scatter of the obtained data did
not exceed 5-7 % of the average values, confirming
the reproducibility of the results.
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RESULTS

Phase composition and physical and mechanical
properties of coatings

Analysis of the phase composition of the studied wear-
resistant coatings revealed that they all exhibit a single-
phase structure with the presence of the TiN phase. As
an illustration, Fig. 1 shows a fragment of the diffraction
pattern for the TiZrN coating.

Data in Table | demonstrate that the binary coatings
possess higher microhardness and elastic modulus, which
results in their improved crack resistance, reflected in high
fracture toughness values.

Coating behaviour during machining
of 30HGSA steel

Analysis of the contact areas on carbide inserts with
wear-resistant coatings revealed that when turning workpiec-
es of 30HGSA steel under a range of cutting conditions (cut-
ting speed F=100—180 m/min, feed rate s=0.15-0.3 mm/rev,
and depth of cut ~0.5 mm), and with flank wear up to
h=0.4 mm, the coatings remain on the tool’s rake face.
The presence of the coating significantly influences the wear
mechanism: the characteristic crater wear on the rake face,
typical of uncoated inserts, is absent. Instead, a change in
the cutting wedge geometry is observed bulging occurs on
both the rake and flank surfaces, with this phenomenon being
most pronounced at high cutting speeds.

On the oblique section shown in Fig. 2 a, the defor-
mation of the cutting edge of the carbide insert, the bulg-
ing of the carbide substrate material and the fully pre-
served coating on the rake face are clearly visible.
At the same time, flank wear begins with the wear
of the bulged portion of the carbide base material, and
the wear land is not contiguous with the cutting edge
(Fig. 2 b). Subsequently, as the carbide insert continues to
operate, a classical flank wear land forms. The defor-
mation of the cutting wedge of the carbide inserts is ac-
companied by the descent of its tip, the magnitude of
which depends on the coating composition (Fig. 3).

The study showed that the magnitude of the cutting
wedge tip descent 4, increases with increasing cutting
speeds and feed rates. Furthermore, for carbide inserts with
multicomponent coatings, the value of %, is smaller com-
pared to those with a TiN coating. As can be seen from
Fig. 3, for carbide inserts with a TiN coating, the wedge tip
descent magnitude reached 12 um after 14 min of opera-
tion, whereas for inserts with TiZrN and TiSiN coatings,
the value of /4, reached 12 pm only after 28 and 31 min of
operation, respectively. Therefore, multicomponent coat-
ings provide greater shape stability of the wedge in carbide
inserts compared to single-component coatings.

Crack formation and coating wear

Studies of the contact areas on coated carbide inserts
have found that when machining 30HGSA steel workpiec-
es, the coatings are completely preserved on the rake face.
During the process of cutting carbide inserts, cracks form in
the coating (Fig.4). Their initiation is associated with
the action of equivalent stresses on the rake face, as well as
with fatigue processes and adhesion occurring during chip
movement along the rake face.

As the tool operates, the cracks on the rake face increase
in size and are observed to propagate into the carbide sub-
strate. The growth of the cracks is accompanied by brittle
fracture of the coating along the crack length, which is
clearly visible in Fig. 4, and the detachment of individual
coating fragments. Despite this, the coating remains on
the rake face of the carbide inserts, continuing to perform
its protective functions (Fig. 4).

The coating composition does not significantly affect
the mechanism of crack initiation and growth; however, it
directly determines the duration for which carbide inserts
remain operational before the first damage occurs. Multi-
component coatings are characterised by a shift in the ini-
tiation toward higher cutting speeds compared to single-
layer TiN. For instance, on MS318 inserts with TiN coating,
cracks were observed at speeds as low as 100 m/min
(s=0.15 mm/rev, =0.5 mm) across the entire contact area
on the rake face. In contrast, for TiZrN and TiSiN coatings,
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Fig. 1. Fragment of the diffractogram of the TiZrN coating
Puc. 1. ®pazmenm ouppaxmoepammol noxpwvimus TiZrN
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Table 1. Mechanical properties of wear-resistant coatings
Taonuya 1. Mexanuueckue c6oticmea U3HOCOCMOUKUX NOKPLIMULL

Knoop Elastic Critical stress Fracture
Coating microhardness HV, modulus E, intensity factor K, toughness Kic,
GPa GPa MPa-m* MPa-m”*
TiN 3145 307 3.39 12.29
TiZrN 41.91 379 4.22 14.44
TiSiN 37.39 350 3.88 14.46

Fig. 2. Rake face bulging (a) and wear of the bulged carbide base material on the flank face (b)
during processing of a 30HGSA steel workpiece using VK6 carbide
inserts at V=200 m/min, s=0.45 mm/rev, t=1.0 mm (operating time 24 min).
1 — bulging; 2 — rake face; 3 — coating; 4 —wear on the bulged part of the carbide base;
5 — main cutting edge; 6 — main flank face
Puc. 2. Buinyuusanue no nepeoneii hosepxHocmu (a)

U UBHOC BbINYUEHHO20 MAMEPUALA MEEPOOCNIABHOU OCHOBbI N0 3a0Hell nosepxnocmu (b)
npu obpabomre 3azomosku uz cmanu 30XI'CA meepoocnaasnvimu nracmunamu BK6
npu V=200 m/mun, s=0,45 mm/06, t=1,0 mm (8pems pabomei 24 mun).

1 — suinyuusanue; 2 — nepeouas nosepxHOCMy, 3 — NOKpbimue;

4 — usHOC NO 8bINYYEHHOU YaACMU MBEPOOCNIABHOU OCHOBbI,

5 — enasnas pexcywas kpomka; 6 — 2naeHas 300K NOBEPXHOCMb
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Fig. 3. Effect of the operation time of MS318 carbide inserts
on the cutting wedge tip descent magnitude (h,) when processing 30HGSA steel workpieces
at V=150 m/min, s=0.3 mm/rev, t=0.75 mm (operation time is 5 min)
Puc. 3. Buusnue gpemenu pabomul meepoocniagnvix niacmun MC318
npu obpabomre 3a20mogox uz cmaau 30XI'CA na eenuuuny onyckanus 6epuiunbl pedicyue2o Kauna hy
npu V=150 m/mun, s=0,3 mm/06, t=0,75 mm (8pems pabomet 5 mun)

Fig. 4. Contact area on the rake face of MS318 carbide inserts
(secondary electron image) with a TiN coating during turning of a 30HGSA steel workpiece
at V=100 m/min, s=0.3 mm/rev, t=0.5 mm
Puc. 4. Konmaxmuas niowaoxa Ha nepeoHeil nogepxHocmu meepoocnianvix niacmun MC318
(uz06pasicenue 80 BMOPUUHBIX 2NEKMPOHAX) ¢ nokpvimuem TiN
npu moxapuou obpabomre 3acomogxu uz cmanu 30XI'CA
npu V=100 m/mun, s=0,3 mm/06, t=0,5 mm

the first defects appeared only at speeds above 170 m/min.
Moreover, the failure process developed more rapidly in
TiZrN. For example, during machining at 180 m/min, crack
formation in the TiSiN coating was detected after approxi-
mately 20 min of operation, whereas for TiZrN, it occurred
within just 10—12 min.

When machining SCh30 cast iron, VT22 alloy, and
12H18N10T stainless steel, the wear pattern differed from
that observed during turning of 30HGSA steel. Observa-
tions using characteristic radiation and backscattered elec-
trons revealed that coating degradation begins within

the first minutes of cutting. Nevertheless, a significant por-
tion of the coating persists on the contact surface. With in-
creased machining time, the damaged area expands, but
the presence of isolated coating “islands” within the contact
zone and along the cutting edge slows flank face wear. Over
time, a crater wear forms on this surface. The presence of
the coating substantially reduces its progression rate, limit-
ing both depth and width growth.

For example, when turning 12H18N10T stainless steel
(Fig. 5), once the flank wear land reached 0.4 mm,
the crater wear with depth and width of approximately
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Fig. 5. Effect of coatings on rake face wear parameters of VK8 carbide inserts

when machining 12HI18N10T steel (V=

100 m/min, s=0.3 mm/rev, t=0.75 mm):

a — crater wear width (by); b — crater wear depth (hi)

Puc. 5. Brusanue nokpvimuil Ha napamempul UsHOCA NO

nepeoueli N0O8ePXHOCMU MepOOCnaasHbix naacmun BK8

npu obpabomre cmanu 12X18HI0T (V=100 m/mun, s=0,3 mm/00, t=0,75 mm):
a — wupuna ayuxu usnoca (by); b — enybuna aynxu usnoca (hy)

35 um and 1.04 mm respectively was developed after mere-
ly 5 min of operation with uncoated inserts. When applying
TiN coating, similar depth (25 um) was recorded only after
10 min, with corresponding width of 0.8 mm. An even more
pronounced effect was observed for TiZrN and TiSiN coat-
ings: the 25-um depth threshold was reached only after 20
and 23 min of machining respectively, with crater widths of
0.9 mm for TiZrN and 1.1 mm for TiSiN (Fig. 5).

It is important to note that compared to uncoated inserts,
the protective coatings more effectively inhibit crater propaga-
tion toward the cutting edge than in the chip flow direction.
This wear distribution pattern positively influences the overall
tool performance. Furthermore, binary coatings exhibit slower
degradation rates due to their enhanced mechanical properties.

Stress state and crack resistance of coatings

The structural parameters, mechanical properties, and
stress state indices used in the calculations for various coat-
ings are presented in Table 2.

The results of the stress state and cyclic crack resistance cal-
culations are further summarised in Tables 3 and 4 and visual-
ised in Fig. 6 and 7. For example, coated inserts tested during
machining of 30HGSA steel under the cutting conditions of
V=180 m/min, s=0.15 mm/rev, and =0.5 mm were considered.

Table 3 demonstrates that the total stresses ¢ are com-
pressive, and for binary coatings, they are higher compared

to the TiN coating: approximately 24 % higher for
the TiZrN coating and 15 % higher for the TiSiN coating.

The change in creep stresses over time is shown in
Fig. 6. The lowest values of this parameter were recorded
for the TiSiN coating. For TiZrN, the o, level was approx-
imately 5 % higher than that of TiN. After 5 min of tool
operation, creep stresses in the TiSiN layer were 24 %
lower, while for the TiZrN coating, they exceeded TiN
values by 6 %. Meanwhile, taking into account creep
stresses after 5 min of tool operation, the total stresses ox
in the TiSiN coating remained compressive (—11 MPa),
while in TiZrN and TiN coatings, they transformed into
tensile stresses. Furthermore, higher stress values were
observed for TiN coatings (1044 MPa for TiN and
751 MPa for TiZrN) (Table 3).

During tool service, the nature of total stresses os
changed: they gradually transformed from compressive to
tensile (Fig. 7). This transition occurs after more than 5 min
of tool operation for TiSiN coatings, while for TiZrN and
TiN coatings it occurs after more than 2 and 1 min of opera-
tion, respectively. The obtained data indicate that TiSiN
coatings are more resistant to crack formation.

The cyclic crack resistance of coatings is presented in
Table 4. It is evident that components of cyclic crack re-
sistance for binary coatings are significantly higher com-
pared to TiN coating, with the maximum values characteristic
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Table 2. Structural parameters, mechanical properties, and stress state indices of coatings
Tabnuya 2. CmpykmypHsle napamempbl, MEXAHUYecKue XapaKmepucmuKky u ROKA3amenu HanpsdiCeHHO20 COCMOAHUS ROKDbIMULL

Germ Coating material Fracture Chip element Stress oscillation
Coating crack size /o, yield strength oy, toughness Kic, formation time #, amplitude per cycle Ao,
nm GPa MPa-m” s MPa
TiN 0.5990 9.53 12.29 5.60-107° 241
TiZrN 0.6072 12.38 14.44 7.11-107 174
TiSiN 0.6018 11.17 14.46 6.38:107 202
Table 3. Stress state parameters of coatings
Taonuya 3. Ilapamempol HANPANCEHHO20 COCMOAHUSL ROKPLIMULL
Coating o1, MPa o, MPa o, MPa o, MPa Ocreep™, MPa ox*, MPa
TiN 546 =775 -1827 —2056 3100 1044
TiZrN 613 —1256 —1906 —2549 3300 751
TiSiN 565 —1069 —1857 —2361 2350 —-11

Note. o1 is load-induced stresses; or is residual stresses in coating;

o1 is thermal stresses; 6 is calculated stress component;

Gereep IS Stresses due to tool wedge material creep; ox is total stresses.

* After 5 min of operation.

HpuMeltaHue. G1 — HANpAdMCEeHUA, 06ycﬂ08]l€HHbl€ Hazpyskamu, Or — OCmanoyvHble HANPANCEeHUsA 8 NOKPpblMuUuu,
Ot — mepmMudecKue HanpAasitcerus, 6 — pacdemnas KOMnoHenma Hanpﬂofcenuzi;
Ocreep — HANPAICEHUS, 8bI36AHHbIE NOJI3YUECMblo Mamepuaia pelicyuieco Kiuna uHcmpymenma,

O3 — CYMMApHble HANPAICEHUS.
* [locne 5 mun pabomet.

Table 4. Cyclic crack resistance of coatings
Taonuua 4. Luxnuyeckas mpewuHOCMOUKOCHb NOKPbIMULL

Tool operation time Time until . .
. . . . . Cyclic crack resistance
. until compressive-to-tensile coating failure .
Coating . s o magnitude ¢,
stress transition 7.1, initiation 7.2, min
min min
TiN 1.4 6.25 7.65
TiZrN 2.37 11.43 13.8
TiSiN 5.43 18.75 24.18

of TiSiN coating. Specifically, the 7., component character-
ising tool operation time until compressive stress transition
to tensile reaches maximum magnitude for TiSiN coating,
being 2.3 times greater than that of the TiZrN coating and
3.9 times greater than that of the TiN coating. The time un-
til coating failure initiation ¢, and the cyclic crack re-
sistance magnitude also achieve maximum values, surpas-
sing TiZrN by 1.6 and 1.75 times, respectively, and exceed-
ing TiN by 3 and 3.2 times, respectively.

Tool life of carbide inserts

Tool life tests of carbide inserts during turning of
30HGSA and 12H18NI10T steel workpieces confirmed
the superior effectiveness of binary coatings compared to
TiN (Fig. 8). The TiSiN coating demonstrated the highest
performance. TiSiN coating application provides the greatest
improvement in tool life for carbide inserts regardless of
the workpiece material grade. When machining 30HGSA
steel workpieces, the tool life of TiSiN-coated carbide
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Fig. 7. Change in total stresses (o) in coatings
at the center of chip—rake face contact zone over time (t)
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inserts was 1.2—1.6 times longer compared to TiZrN coat-
ing and 2.6-3.5 times longer compared to TiN. For
12H18N10T steel machining, the tool life values were
1.25-1.3 times and 1.6—1.8 times respectively, depending
on cutting speed (Fig. 8).

DISCUSSION

Analysis of the contact areas on carbide inserts reveals
that coating failure exhibits brittle characteristics and sig-
nificantly depends on the workpiece material. When ma-
chining 30HGSA alloy steel workpieces, the coatings on
the rake face do not fracture completely but develop cracks
whose propagation dynamics are determined by the coating
composition. During machining of SCh30 cast iron work-

pieces, abrasive action of the material leads to coating fail-
ure within the first minutes of cutting. Similar coating deg-
radation occurs when cutting 12HI8N10T steel and VT22
titanium alloy workpieces. Furthermore, the development
of crater wear on the rake face also depends on coating
composition. The TiSiN coating most effectively restrains
both coating failure and rake face wear, which can be at-
tributed to its superior mechanical properties.

Studies of coating stress states and their cyclic crack re-
sistance demonstrated that binary coatings provide superior
resistance to crack initiation and propagation compared to
TiN coating. These coatings are characterised by higher
overall compressive stresses generated during cutting,
which inhibit crack development processes. Due to their
enhanced mechanical properties, the stresses caused
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by cutting wedge creep are lower in binary coatings than in
TiN coatings. The minimum creep stress values occur in
TiSiN coating, resulting in the formation of the highest re-
sultant stresses. Consequently, the duration of their transi-
tion from compressive to tensile state exceeds that of TiZrN
and TiN coatings. This leads to higher cyclic crack re-
sistance of TiSiN coating compared to TiZrN and espe-
cially TiN coating. The obtained data on evaluation of
stress state and cyclic crack resistance are in good agree-
ment with the results of studies on coating failure and
the effect of coatings on rake face wear. The TiSiN coat-
ing, which has the highest cyclic crack resistance, signifi-
cantly inhibited rake face wear of carbide inserts when
machining workpieces made of SCh30 cast iron,
12H18N10T steel, and VT22 titanium alloy. It also facili-
tated a longer service life of the inserts before crack for-
mation when machining workpieces made of 30HGSA
steel compared to TiZrN and TiN coatings.

The conducted wear resistance studies confirmed the high
efficiency of binary coatings compared to TiN, with the TiSiN
coating providing the greatest increase in tool life of carbide
inserts. The enhanced performance of TiZrN and TiSiN coat-
ings is attributed to the introduction of additional elements (Zr,
Si), which form a more ductile and crack-resistant structure
capable of reducing the friction coefficient in the contact zone,
particularly when machining titanium alloys. This enables
significant retardation of wear development on surfaces operat-
ing primarily under frictional conditions, such as the rake and
flank faces during turning operations.

The research findings suggest that these coatings could
be effectively used in the manufacture of working surfaces
of the tool for surface plastic deformation processes where
tool durability under intensive friction conditions is critical.
This is particularly important in the context of the transition

from traditional cutting fluid applications to environmentally
friendly regimes, including machining with minimum quan-
tity lubrication (MQL) and completely dry cutting.

CONCLUSIONS

1. It has been found that the properties of the workpiece
significantly influence the failure of coatings during cut-
ting. When machining 30HGSA steel workpieces, the coat-
ings are completely preserved at the rake face, preventing
crater formation. When machining workpieces made of
SCh30 cast iron, 12HI8NIOT stainless steel, and VT22
titanium alloy, the coatings deteriorate within the first
minutes of carbide insert operation, followed by crater wear
development on the rake face.

2.1t has been determined that TiSiN coating provides
the greatest resistance to crack initiation and propagation,
characterised by the highest total compressive stresses that
suppress crack formation and development, along with superior
cyclic crack resistance compared to TiZrN and TiN coatings.

3. It has been demonstrated that TiSiN coating provides
the greatest increase in the service life of carbide inserts.
Compared to TiZrN and TiN coatings, the service life of
TiSiN-coated carbide inserts is 1.2-3.5 times longer, de-
pending on coating composition, workpiece material, and
processing parameters.
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Annomayus: VIcnonb30BaHUE W3HOCOCTOMKUX MOKPBITHI Ha KOHTAKTHBIX IUIOIIAJKaX WHCTPYMEHTA SIBIISIETCS OIHUM U3
Haunboree 3()EeKTUBHBIX CITOCOOOB TOBBIIICHHUS €T0 JIOIITOBEYHOCTH M CTAOMIBHOCTH paboTsl. OqHaKko mpu 00paboTKe TPYIHO-
00pabaTbIBaeMbIX MaTepratoB A(PPEKTHBHOCTD TAKUX TIOKPHITHH 3aMETHO CHIDKAETCSI, YTO JIe/IaeT aKTyaJ bHBIMH 3a1a41 TIOJTy-
YEHHs HOBBIX JIAHHBIX O MEXaHU3ME UX Pa3pyIIeHUs 1 pa3paboTKu Ooliee COBEPIEHHBIX COCTaBOB. B paboTe 1ccienoBaHo Biu-
SIHUE YCIIOBUI 00pabOTKH, CBOIMCTB 00pabaThIBaeMOro MaTepHana M COCTaBa M3HOCOCTOMKNX TIOKPHITHH Ha M3HAIIMBAHIE KOH-
TaKTHBIX TJIOMIAI0K M pabOTOCIIOCOOHOCTH TBEPAOCIUIABHOIO MHCTPyMeHTa. PaccmarpuBanuchk ofqHoCIoiHbIe TOKpBITHS TiN,
TiZrN u TiSiN; nmpoBeeHa OlCHKa MX HAIPSDKEHHOTO COCTOSHUSA U IIUKITNYECKON TPEIMHOCTOMKOCTH. M3ydyeHre KOHTaKTHBIX
IUIOIIAJOK TBEPAOCIUIABHBIX IUIACTHH BBINOIHATIOCH C UCTIONB30BAHUEM ONTHYECKNX METONIOB, a HCIBITAaHUA HA W3HOC — TpU
TOKapHOI 00paboTKe Ha CHENMaIM3UpPOBaHHOM 00opynoBaHuM. [loka3zaHo, 4TO Kak THIl oOpabaTbiBaeéMOro Marepuania, Tak
Y PSKUMBI PE3aHHMS CYILECTBEHHO BIMSIOT HA XapaKTep PaspyLICHHs TIOKPBITUSI U TIEPUOJ CTOMKOCTH MHCTPYMEHTA. YCTaHOBJICHO
MPENMYIIECTBO JIByXJIEMEHTHBIX MOKPBITHH, 001aafOINX MOBBIIIEHHBIMA MEXaHHYECKUMHU XapaKTEPUCTHKAMHU 1 BBIPAyKCH-
HBIMHU CKHMAIOIMMH OCTaTOYHBIMHI HAINPSDKEHHUSMH, YTO CIIOCOOCTBYET POCTY HUKINYECKOH TPEIMHOCTOMKOCTH M MOBBIIIACT
CONPOTHBIIEMOCTh pa3pyIiieHuto. [lomydeHHbIE pe3yabTaThl MOI'YT OBITh HCIIONB30BAHBI MPH pa3pabOTKE TEXHOJOTHUCCKUX
TporieccoB (PUHUIITHON 00paboTKH TPyAHOOOpadaTHIBAEMBIX MaTepHAaNIoB, 0COOCHHO B YCIOBUSIX MHHUMAIIBHOTO ITPUMEHEHHS
CMa304YHO-OXJIOKAAIONMX >KuaKocTei (MQL) mim moHoro 0TKas3a 0T CMa304HO-OXJIKIAIONIMX TEXHOIOTHYECKUX CPEI.

Knrouegvie cnosa: U3HOCOCTOMKOE MOKPHITHE; TBEPIOCIUIABHBI HHCTPYMEHT; TPEIMHOCTOMKOCTD; U3HAIIMBAHUE; pa-
00TOCIIOCOOHOCTh; TPYAHOOOpabaTHIBAEMbIE MaTEPUAIIBI

bnazooapnocmu: ViccnenoBaHue BBIIOJHEHO 3a cyeT rpaHrta Poccuiickoro HayuHoro ¢onma Ne 22-19-00298-11,
https://rscf.ru/project/22-19-00298/.
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