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Abstract: This study shows the possibility of using cutting ceramics as a turning tool. Replaceable standard cutting
plates made of VOK-60 and VOK-71 cutting ceramics are used. In the work, based on simulation modelling in the DEFORM
software environment, the possibility of high-speed processing with the specified cutting ceramics is substantiated and
then experimentally confirmed. Additionally, the authors propose to apply hardening coatings by condensation with ion
bombardment, which ensures an increase in the cutting speed to 100 m/min and more with an increase in the service life of
the cutting ceramics from 3 to 3.8 times. The maximum stresses in the tool material and the deformation rate of the process
material are studied. To select rational solutions in simulation modelling, the authors used the “temperature in the cutting
zone”, “stresses in the tool material”, and “tool wear” parameters, which characterise the combined tension of the tool ma-
terial. The transition from these parameters to the predictive design of cutting ceramics was performed by measuring
the cutting force during natural cutting. The measured values of the cutting force components were used to calculate
the stresses in the tool material. The study confirmed the hypothesis that the cutting ceramics is capable of operating under
the conditions of processing viscous hard-to-machine corrosion-resistant specialised stainless steels such as 09H17N7Yu
(C-0.09; Cr-17; Ni-7; Al-1) grade (EU 1.4568, X7CrNiAll7-7), which have a high content of chromium (16-17.5 %) and
nickel (7-8 %). The authors propose original technological methods to improve the performance of the cutting ceramics
through special heat treatment and coating deposition. In particular, heat treatment in a vacuum at a temperature of 1100—
1400 °C for 20—40 min increased the bulk strength of the ceramics, and additional thermochemical treatment by ion nitrid-
ing performed at the final stage of heat treatment made it possible to alloy the bond.
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INTRODUCTION

Mechanical processing of hard-to-machine corrosion-
resistant stainless steels, such as 09HI7N7Yu (C-0.09;
Cr-17; Ni-7; Al-1) steel, is a problem for many mechanical
engineering industries. This is due to the high content of chro-
mium (16-17.5 %) and nickel (7-8 %) in the 09H17N7Yu
steel. The scope of application of this steel is growing: it is
used in shipbuilding, marine structures, chemical and food
industries, and space and defence industries. Accordingly, the
share of tool costs in the cost of manufactured products is
growing. Traditionally, such stainless steels are processed with
hard-alloy metal-cutting tools. In this case, the cutting speed
cannot exceed 50 m/min; extra measures can increase it to
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60 m/min. This situation slows down the growth of processing
productivity. Major measures are needed.

In the Russian literature, the authors did not find any
publications dealing with solving this problem. Publications
on the use of cutting ceramics under other conditions are
available [1; 2], but they do not solve the problems of
increasing the productivity of processing the specified
stainless steel. Foreign publications [3—6] consider
the issues of applying cutting ceramics in a general
sense, i. €., to all grades of stainless steels. They do not
refer to the 09H17N7Yu steel grade or similar foreign
steels. In the catalogues of the world’s leading tool compa-
nies — Walter (Germany), Sandvik Coromant (Sweden),
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Mitsubishi (Japan), ISCAR (Israel), the recommendations
for processing special stainless steels are of a general na-
ture, without specifying steel grades, i.e., all hard-to-
machine stainless steels are combined into one conditional
group. Testing of their recommendations on Russian
09H17N7Yu steel showed that VOK-60 and VOK-71 cut-
ting ceramics are destroyed in the first minutes of cutting
[1; 2]. This allows concluding that the recommendations are
inconsistent and do not solve the issue of increasing the
processing productivity in relation to turning of
09H17N7Yu steel.

The authors have their own experience in processing
hard-to-machine stainless steels with hard-alloy metal-
cutting tools. Thus, the works [1; 2] show that milling with
monolithic hard-alloy end-milling cutters is possible, but
not promising due to the limited period of their service life.
The use of interlocking side mills with mechanical fas-
tening of hard-alloy cutting plates is more promising.
The indicated works present the results of using different
interlocking side mills and recommendations on the para-
meters of their cutting mode.

The efficiency of using hard-alloy tools is limited in
terms of processing productivity due to the low cutting
speed. Therefore, this paper considers the experience of
more highly productive processing due to the use of cut-
ting ceramics. The work is performed on the example of
turning Russian 09H17N7Yu steel and similar hard-to-
machine 12H18NI10T, 13H15N5 AM-3 stainless steels.
The DEFORM software environment was used for simula-
tion modelling of operational properties [7] and physical
and technical characteristics of the most rational tool mate-
rials. The study was aimed at determining the necessary
(input and output) variables in simulation modelling.
The authors assessed the possibility of using VOK-60 and
VOK-71 black cutting ceramics for high-performance turn-
ing of 09H17N7Yu steel grade and similar 12Kh18N10T,
13Kh15N5 and AM-3 steel grades. At the same time,
the possibility of increasing the cutting speed to 100 m/min
or more by using wear-resistant coatings on the cutting ce-
ramics was assessed.

The aim of this work is to study the possibility of high-
performance turning of blanks made of hard-to-machine
09H17N7Yu steel with a cutting speed of more than
50 m/min by applying nanostructured coatings to the VOK-60
and VOK-71 cutting ceramics and by means of preliminary
heat treatment.

METHODS

Methodological approach to solving the problem
and its tasks

The work uses a methodological approach to the deve-
lopment of turning cutting plates made of tool cutting ce-
ramics, based on the simulation modelling of the cutting
tool in the DEFORM software environment [7] equipped
with a large number of applications in the form of different
libraries. This allowed selecting new modelling options and
designing different operating conditions for the cutting tool.
The authors considered a flat orthogonal free cutting
scheme representing the penetration of a prismatic cutting

wedge into the material of the blank. The cutting wedge
was taken as a solid body fully corresponding to the shape
and geometry of a standard replaceable plate. The following
restrictions were specified: preventing the coating destruc-
tion according to the brittle mechanism; preventing plastic
deformation of the coating and substrate due to excess tem-
peratures in the cutting zone. For the simulation modelling
of turning with cutting ceramics, an approach known from
work [7] was used, but with a significant revision of the
approach.

The mathematical framework of the DEFORM software
environment is based on the calculation of internal stresses
in the material. The stress tensor was used to describe them.
The equation and characteristics of the stress tensor are
given below, they use the notations adopted in work [7]
with their dimensions:
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Here, normal stresses ¢ and shear stresses t are con-
sidered along the corresponding X, Y and Z coordinate
axes. One of the main characteristics of the stress tensor
is its quadratic invariant, which is usually called the ef-
fective stress:
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It is accepted that it is sufficient to introduce the fol-
lowing input parameters and conditions: the physical and
mechanical characteristics of the materials being pro-
cessed and the architecture (features of the design, com-
position, and application technology) of the tool coat-
ings. It is accepted that it is sufficient to obtain the out-
put predicted results for the “temperature in the cutting
zone”, “stresses in the tool material”, and “tool wear”
parameters. If necessary, the “tool material deformation”
and “tool material deformation rate” parameters were
additionally used. This allowed characterising the com-
bined tension state of the tool. The transition from these
parameters to the predictive design of the coating archi-
tecture was carried out by monitoring the cutting force
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during natural cutting. The values of the cutting force
components were used to calculate the stresses in
the tool material according to the professor S.I. Petru-
shin’s well-known dependence [6; 7].

Predictive design of cutting ceramics was carried out by
measuring the cutting force during natural cutting. All three
cutting force components were measured during cutting.
The transition from the values of the cutting force compo-
nents to the stresses in the tool material was carried out,
according to the dependencies given in works [6-9]:

P, ~[cosy -sin(y + ®)—sina-cos(a—®)+[3-cos @] N
.. =2
e r [(sin2 a—cos’ y)—B2 + (sina -COS 0L —Ssiny - cos y)J
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where P, is the radial component of the cutting force;

P. is the main component of the cutting force;

o is the main back angle;

v is the rake angle;

r and O are the polar coordinates in the main secant cutting
plane.

Based on the results of the experimental tests, graphs
showing the dependence of the wear value on the coatings
used were constructed. According to the rate of wear for an
equal processing time, the most rational coatings were se-
lected, based on the fact that the lower is the rate of wear,
the more rational is the coating. Metals of groups 4-8 of
the Mendeleev’s periodic table (Ti+TiN+(NbZrTiAl)N,
Ti+Zr+ZrN+(ZrAINb)N, and Ti+Zr+TiCN+(TiZrAl)CN)
were used as coatings. A nitride or carbonitride coating
layer was applied over the metal coating layer to reduce
interaction with the blank.

The model shown in Fig. 1 was used to develop (virtual
design in the DEFORM software environment) rational op-
tions for cutting ceramic tools, and consequently, to design the
architecture of their coatings. The model took into account
options in which the durability period (it is called the service
life P in the model) should increase by 2—4 times, productivity
N and quality K of processing should increase in comparison
with the original option, and tool costs O should decrease.

Within the specified approach, it is accepted that it is
possible to apply coatings to the tool material as a mea-
sure to improve the tool performance. This method has
proven itself in the processing of basic structural materi-
als with a hard-alloy tool. The proposed approach bor-
rows this methodology to improve the performance of
cutting ceramics, developing and adapting it to specific
tool operating conditions.

The authors considered it methodologically necessary to
compare the manufacturing technologies of ceramic tools
and hard-alloy tools with coatings. For ceramic tools,
the recommendations of work [10] were used; for hard-
alloy tools, the recommendations of work [11] were used.

Comparison of special aspects
of technological processes for manufacturing
ceramic and hard-alloy tools

The technological process (TP) for manufacturing ce-
ramic and hard-alloy tools is generally presented in Fig. 2.
Block A shows what exactly is taken into account —
the base of the tool material, for example, VOK-60 cutting
ceramics or VK8 tool hard alloy. This is considered the first
stage of tool production. The next stage of the technological
process of tool production is coating deposition (block B).
This sequence of stages allowed obtaining technological
processes called the TP1 group. Technological processes in
the TP1 group include the use of a particular tool base ma-
terial, a particular coating deposition process, etc.
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Fig. 1. A model for the implementation of simulation (virtual) design of tool materials:
P — service life; Q — tool costs; N — productivity; K — quality of treatment
Puc. 1. Mooens pearusayuu umMumayuOHHOZ0 (8UPMYAILHOZ0) NPOEKMUPOBAHUSL UHCHPYMEHMATbHBIX MAMEPUATIOB:
P — nepuoo cmotixocmu; Q — 3ampamer Ha uncmpymenm,; N — npouzsooumenvrocms, K — kauecmgo obpabomxu
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Fig. 2. Generalized scheme of technological processes for manufacturing hard-alloy and ceramic tools:
TP1, TP2, TP3, TP4 — technological processes; 1, 2...9 — nodal points of technological process branching
Puc. 2. O606wennas cxema mexHoI02UYeCKUX NPOYeccos U320moeiLeHls MEepOOCHIA6HO20 U KEPAMUYECKO20 UHCIPYMEHMA:

TP1, TP2, TP3, TP4 — mexnonozuueckue npoyeccwl, 1, 2...9 —

If it was necessary to apply strengthening effects on
the tool base material (for example, ion nitriding of
the base, i. . VK8 alloy), a chain of actions by branches at
points 2 and 3 is formed. This sequence of stages allowed
obtaining technological processes called the TP2 group.
TP2 were developed and applied in order to improve
the operational performance of the cutting tool. However,
TP1 are simpler to be implemented and cheaper.

If after implementing TP1 or TP2, the tool perfor-
mance or processing productivity turned out to be insuf-
ficient, then there is a need for a TP3 group of techno-
logical processes. This can be achieved by coating archi-
tecture (block D). Architecture is understood as the crea-
tion of a particular coating (single-layer, multi-layer,
nitride, carbide, carbonitride, with the same or different
layer thicknesses, using the same or different coating
deposition methods, etc.).

If this is not enough, then by the coating strengthen-
ing (block E) it is possible to implement the TP4 group
of technological processes. The coating strengthening is
understood as extra measures to improve the perfor-
mance properties of the coating as a whole or its particu-
lar layers. For example, when applying the first coating
layer with a thickness of less than 1 um, the coating may
contain discontinuities, i. €. uncovered areas of the base
of the tool material. This is undesirable. Discontinuities
can provoke the seizure of the base material of the tool
material with the material being processed or reduce
the adhesion strength of this layer to the next one. To
“heal” such discontinuities, extra effects can be used, for

Y37106ble MOYKU pA36EMEIIEHUS MEXHOI02UYEeCKUX npoyeccos

example, ion nitriding [11] of the layer with discontinui-
ties before applying the next layer.

Technologically, TP4 is more complex than TP3, and
TP3 is more complex than TP2 and TP1. Accordingly,
the cost of implementing these technological processes is
different: for TP4 it is higher than for TP3, etc. However,
the performance of the tool manufactured according to TP4
is higher than that of TP3, etc.

If it turns out that the performance of the tool manu-
factured according to TP4 is still insufficient for specific
conditions of processing blanks of parts, then it is pos-
sible to influence purposefully the base of the tool mate-
rial in order to improve its operational properties. We are
talking about minimising or eliminating those defects on
the base of the tool material that formed during its manu-
facture, for example, microcracks of mechanical or
thermal origin formed during grinding of cutting plates
or when sharpening the required edges, fillets, and radii
on them. Such cracks are present both on hard-alloy
plates [11] and on cutting ceramics [10]. In these cases,
it is possible to change the initial state of the tool mate-
rial base (block F), for example, to heal these mi-
crocracks by applying [11], one or another coating be-
fore applying the main coating or subject the tool base to
“etching” by ion nitriding [11].

Thus, a group of technological processes is imple-
mented (we will conventionally designate it as TPi, it is
not shown in Fig. 2), which is more complex than TP4.
Such a technological process is more expensive, but it
can be the most effective in terms of increasing

38

Frontier Materials & Technologies. 2025. No. 1



Mokritskiy B.Ya., Sablin P.A., Kosmynin A.V.

“Cutting ceramics for turning of specialised stainless hard-to-machine steel”

the cutting tool performance and increasing the pro-
cessing productivity.

Materials and methods

In this work, VOK-60 and VOK-71 cutting ceramics
(GOST 19043-80, 25003-81) were used as the material for
the cutting tool.

The authors used hard-to-machine O09H17N7Yu
(EI 973) stainless steel (old designation is OH17N7Yu (ana-
logues in the European Union — 1.4568, in the USA —
631.S17700, in England — 301 S81)). It is produced in ac-
cordance with GOST 19904-90 (cold-rolled sheet metal
products) and GOST 7350-77 (Standard ST SEV6434-88).

For comparison and generalisation of the results,
the authors also used less durable 12H18N10T and
13HI5SN AM-3 stainless steels. 13H15N AM-3 steel
was accepted for analysis as the base one (ordinary
steel that does not present any particular difficulties
during blade processing). 12HI18N10T steel was chosen
as the hard-to-machine one. This steel is unique be-
cause its tensile strength is significantly affected by
heat treatment conditions.

12H18N10T steel is manufactured according to GOST
5362-2014 “Stainless steels and corrosion-resistant, heat-
resistant and heat-proof alloys”, position 6-42. It contains
17-19 % of chromium and 9-11 % of nickel. Its Brinell
hardness HB is 179 MPa. Impact toughness KCU is
285 kJ/cm?. Information on the strength of this steel varies,
for example, the ultimate strength is ¢-1=279 MPa,
op=610 MPa, ©¢,=196-236 MPa. The closest substitutes
are 08HI18G8N2T and 12H18NOT steels. The analogues in
the USA are 321, 321H, S32109 steels, in Germany —
X12CrNiNi8-9.

13H15N5 AM-3 steel (other designations — EP310,
VNS-5) is produced according to the industry standard
OST 1 90005-91 and according to the technical specifica-
tions TU14-1-1271-75 of the manufacturer. Its closest
substitutes are 07HI16N6 (EP-288), 18H14N4 AM-3
steels. It has a good combination of strength, impact
toughness and ductility. The difficulty of its processing is
caused by the significant amount of chromium (14-16 %)
and nickel (4-6 %). Its hardness depends on many pa-
rameters, primarily on the conditions of its strengthening.
A small tensile strength (500-800 MPa) of this steel is
noted during its heat treatment under normal conditions.
During cold hardening, the tensile strength increases to
1200-1700 MPa.

Heat treatment and coating deposition were carried
out in a Bulat installation (Russia) operating using
the condensation method with ion bombardment. Heat
treatment in a vacuum was carried out by heating to
1100-1400 °C for 20—40 min. Metals of groups 4-8 of
the periodic table were used as coatings. The use of
evaporable cathodes made of metals from groups 4-8 of
the periodic table in the Bulat installation allowed pro-
ducing various coatings. The following coatings were
considered as the most rational:

a) the lower layer is made of titanium, a titanium nitride
layer is deposited on it, then a Ti+TiN+(NbZrTiAl)N ni-

tride of a combination of niobium, zirconium, titanium, and
aluminium is deposited;

b) the lower layer is made of titanium, a zirconium
layer is deposited on it, a zirconium nitride layer is de-
posited on it, and then a Ti+Zr+ZrN+(ZrAINb)N nitride
of a combination of zirconium, aluminium, and niobium
is deposited;

c) the lower layer is made of titanium, a zirconium
layer is deposited on it, then a titanium carbonitride layer
is deposited and then a Ti+Zr+TiCN+(TiZrAl)CN car-
bonitride of a combination of titanium, zirconium, and
aluminium is applied.

Cutting plates made of VOK-60 and VOK-71 cutting
ceramics were tested in their different states, namely:

a) in the as-delivered condition supplied from the manu-
facturer (OOO Technical Ceramics Plant, Aprelevka, Mos-
cow Region);

b) after additional heat treatment (in a vacuum at a tem-
perature of 1100-1400 °C for 20—40 min), which allowed
for the relaxation of internal stresses in the plate; this in-
creased the strength of the ceramics;

c) after the plates were subjected to additional heat
treatment followed by ion nitriding in a Bulat-type installa-
tion, ion bombardment allowed alloying the bond, which
increased the strength of the grain boundaries of the cutting
ceramics;

d) after the plates were subjected to the application of
hardening coatings in a Bulat-type installation.

In each type of these tests, ten (or more if necessary)
square tetrahedral plates were used, i.e. at least 40 tests
(ten plates with four cutting edges). Since there were four
types of tests (listed above as a, b, ¢, and d), the total num-
ber of tests was 160. Since the cutting plates were double-
sided (i. e. they could be both rotated and turned over with
the backside), 320 final tests were conducted.

The operating time of each cutting edge was monitored
until 0.5 mm wear along the back face or until the cutting
edge chipped.

RESULTS

When using the technological processes for manufac-
turing hard-alloy and ceramic tools according to
the scheme shown in Fig. 2, the following was experi-
mentally identified:

a) the tool life period before 0.5 mm wear on the rear
face when turning a blank made of 09H17N7Yu steel, in
the case of using VOK-60 and VOK-71 cutting ceramics, is
up to 7-10 times higher for TP1 and TP4 in comparison
with a tool made of VK8 hard-alloy material;

b) in this case, the processing productivity of VOK-60
cutting ceramics in comparison with VK8 hard-alloy cut-
ting tool increases up to 1.4—1.6 times with the same cutting
mode parameters, and it increases more than 2 times for
VOK-71 cutting ceramics. This makes it possible to consi-
der that an arsenal of technological processes has been de-
veloped that allows choosing the most rational technologi-
cal process for the tool life period for specific processing
conditions.
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Table 1 shows the results of applying cutting cera-
mics using the VOK-71 grade as an example. The table
indicates the operating time (service life) of the cutting
plate for external turning of a 09H17N7Yu steel blank
until the plate wears out to 0.5 mm or until the cutting
edge breaks. VOK-71 ceramics in its initial state had
a service life of 5 min. VOK-71 ceramics that was ther-
mally treated had a service life of 9 min, which is
1.8 times higher than the ceramics in its initial state.
The reason for such an increase in the service life is the
relaxation of internal stresses in the cutting ceramics
after heat treatment. VOK-71 ceramics after heat treat-
ment and ion nitriding had a wear life of 14 min. This is
2.8 times higher in comparison with the ceramics in
the initial state and 1.5 times higher than that of the ce-
ramics after heat treatment. Such a positive result in
terms of the service life of cutting ceramics is accompa-
nied by a significant increase in processing productivity,
compared to the use of a hard-alloy cutting tool due to
the increased cutting speed (120—140 m/min for cutting
ceramics and 50 m/min for a hard alloy, i. e. by 2.6 times).

Examples of implementing simulation modelling in
the DEFORM environment are shown in Fig. 3 in the form
of screenshots for VOK-71 ceramics (Fig.3a, 3 b), and
VOK-71 ceramics with a Ti+TiN+(NbZrTiAl)N coating
(Fig. 3 ¢, 3d), where a and b are the maximum primary
stresses, ¢ and d are the resulting strain rates. From the
comparison of screenshots using the VOK-71 example, it is
clear that the maximum primary stresses and resulting
strain rates are preferable in the case of using a coating, in
this case the Ti+TiN+(NbZrTiAI)N coating.

The numerical values of the longitudinal, radial and ver-
tical components of the cutting forces are given in Table 2.
From the table data, it follows:

a) the highest values of the cutting force components
occur when turning 09H17N7Yu steel in comparison with
12H18N10T and 13H15N AM-3 steels, i. e. this is the case
when the minimum period of tool life should be expected;

b) the use of uncoated cutting ceramics leads to an in-
crease in all cutting force components, therefore, the use of
a coating is rational;

c) in all the cases considered, the vertical component of
the cutting force dominates, therefore, it will limit the peri-
od of tool life.

Table 3 presents the results obtained during the simula-
tion modelling of the architecture of different coatings.
The table shows how many times the service life of cutting
ceramics is predicted to increase when applying one of the three
studied coatings. The effect of the Ti+TiN+(NbZrTiAI)N
coating is shown for the entire range of cutting speeds.
The effect of the other coatings is shown selectively for
those cases where the maximum increase in the service
life was predicted. It follows from Table 3 that:

a) the use of the Ti+TiN+(NbZrTiAI)N coating is pre-
ferable at a cutting speed of less than 100 m/min for VOK-60
cutting ceramics, with an increase in the cutting speed,
the use of VOK-71 ceramics is preferable;

b) at high cutting speeds, the Ti+Zr+TiCN)+H(TiZrAl)CN
coating is preferable for VOK-60 cutting ceramics.

Table 4 gives an example of the effect of coatings on
the cutting force components. The data in Table 4 show
a significant contribution of the coating to the reduction of
the cutting force components, which allows predicting a re-
duction in the tool wear intensity and an increase in its ser-
vice life. The use of the coating led to a decrease in the verti-
cal cutting force component (it is this that limits the tool ser-
vice life) by 1.2 times for VOK-60 ceramics and by 1.4 times
for VOK-71 ceramics, while the use of heat treatment and
ion nitriding led to its reduction by only 1.2 times.

DISCUSSION

The study confirmed the hypothesis that cutting cera-
mics is capable of working when processing viscous hard-
to-machine corrosion-resistant specialised stainless steels
such as 09H17N7Yu steel. Previously, it was believed that
cutting ceramics is intended for processing hard materials.
Thus, the scope of application of black cutting ceramics
has been expanded. The study also confirmed the hypo-
thesis about the possibility of processing 09HI7N7Yu
(EU 1.4568, X7CrNiAll17-7) steel, which has a high con-
tent of chromium (16-17.5 %) and nickel (7-8 %).

When confirming the hypothesis, unique technological
methods for increasing the performance of cutting ceramics
through special heat treatment and coating deposition have
been proposed. In particular, the authors proposed heat
treatment in a vacuum at a temperature of 1100-1400 °C
for 20-40 min, which increased the bulk strength of
the ceramics, and additional thermochemical treatment by
ion nitriding performed at the final stage of heat treatment
made it possible to alloy the bond. This set of proposed
technological measures ensured an increase in the cutting
speed by up to three times, which increased the processing
productivity to 17 %.

The results of simulation modelling of the cutting
process with cutting ceramics and experimental studies,
presented in the paper, allowed discovering a number of
features that were previously unknown. The effect of
a significant increase in processing productivity was re-
vealed, which makes cutting ceramics an effective com-
petitor to hard-alloy cutting tools in turning hard-to-
machine specialized stainless steels such as 09H17N7Yu.
The authors associate this effect with several factors,
including the use of coatings, as well as the use of heat
treatment and ion nitriding.

It was found that the processing productivity in compa-
rison with the VK8 hard alloy increased by 1.4-1.6 times
for the VOK-60 cutting ceramics, and by 2.6 times for
the VOK-71 cutting ceramics. The possibility of high-speed
processing of hard-to-machine viscous steels with the speci-
fied cutting ceramics was substantiated and experimentally
confirmed. This was achieved, among other things, by ap-
plying hardening coatings by condensation with ion bom-
bardment, which ensured an increase in the cutting speed to
100 m/min and more with an increase in the service life of
the cutting ceramics from 3 to 3.8 times.

This allows considering that the above objective of
the work (to study the possibility of high-performance turning
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Table 1. Service life of plates made of VOK-71 cutting ceramics during external turning of 09H17N7Yu steel

(cutting speed is 120—-140 m/min; feed is 0.21 mm/rev of a blank; cutting depth is 1 mm;

without the use of lubricating and cooling process media)

Taonuya 1. Ilepuoo cmotikocmu niacmun u3 pescyweti kepamuku BOK-71 npu napyscrnom mouwenuu cmanu 09X17H7FHO
(ckopocmb pesanus 120 —140 m/mun, nooaua 0,21 mm/06. 3aeomosxu, 2nybuna pesanus 1 mm,

0e3 npuMeHeHUs. CMA3bI8AIOUe-OXTANHCOAIOUUX MEXHOL02UYECKUX CPeld)

Cutting plate state

VOK-71 in the initial state VOK-71 + heat treatment VOK-71 + heat treatment + ion nitriding

5 min 9 min 14 min

Note. Values are given as the average of five measurements with a coefficient of variation of 0.27.
Tpumeuanue. 3nauenus oanvl Kaxk cpeonee no 5 usmepenusm npu kospguyuenme sapuayuu 0,27.

Step 94 Step 95

Strain - Effective (mm/mm) Max principal (MPa)

6.88e+4007 6.52e+003

0.755 -1350

4.50e4003 4.35e+003

0.000 -1860

2.30e4007 2.17e+003
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Fig. 3. Results of simulation modelling of the stress state of the cutting tool
when turning 09HI17N7Yu steel with VOK-71 cutting ceramics (a, b) and VOK-71 cutting ceramics
with a Ti+TiN+(NbZrTiADN coating (c, d): a, b — maximum primary stresses (MPa);
¢, d — resulting strain rates (mm/s).
The colour scheme demonstrates the range of the illustrated parameter,
a graph reflecting the dynamics of this process is shown at the bottom left
Puc. 3. Pezynbmamol uMumayuoHHO20 MOOEAUPOBAHUS HANPINCEHHO2O COCMOSIHUSL PECYIUe20 UHCIPYMEHmMA
npu mowenuu cmanu mapku 09X17H7HO peocyweii kepamuroi mapku BOK-71 (a, b) u pesicyweri kepamuroti BOK-71
¢ noxpoimuem Ti+TiN+(NbZrTiAl)N (c, d): a, b — makcumanvuvie ochognvle nanpsicenus (Mlla);
¢, d — pesynomupyiowue ckopocmu degpopmayuu (Mm/c).
Lsemosas camma demoncmpupyem Ouanazon UiIIOCMpUpyemMo2o napamempa, cieéa 6Hu3y npuseoeH epagux,
ompasicaowull OUHAMUKY OAHHO20 Npoyecca
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Table 2. Numerical values of the quantities composing the cutting forces when turning with VOK-71 cutting ceramics
with a Ti+TiN+(NbZrTiA]N coating at a cutting speed of 120 m/min with a cutting depth of 0.1 mm

Taonuua 2. Yucnogvie 3nauenus seautut, cOCMasiIAIOWUX CUIbl pe3anus, npu movenuu pexcyweil kepamuxoi BOK-71
¢ nokpotmuem Ti+TiN+(NbZrTiAl)N npu ckopocmu pesanus 120 m/mun ¢ enybunoii pezanust 0,1 mm

Resulting cutting force Steel grade
components 09H17N7Yu 12H18N10T 13H15N AM-3
Cutting force longitudinal 85.5/106 64.7/98 35.2/54
component Fx, N ' ' .
Cutting force radial 305.2/382 308.0/396 310.1/404
component Fy, N
Cutting force vertical 362.5/465 284.6/320 191.4/241

component Fz, N

Note. The denominator shows the values for the case of using VOK-71 without coating.

Ipumeuanue. B 3namenamene ykazamvl 3HaveHus 01s cayyas npumenenus BOK-71 6e3 nokpvimus.

Table 3. Results of simulation modelling of the coating architecture
Tabnuya 3. Pesyromamsl uMumayuoHHO20 MOOCIUPOBAHUS APXUMEKNTYPbL NOKDLUMUSL

Grade of Coating
cutting Cutting speed
ceramics Ti+TiN+(NbZrTiAl)N Ti+Zr+ZrN+(ZrAINb)N | Ti+Zr+(TiCN)+(TiZrAl)CN
Increase in the service life, times
VOK-60 3.2%
up to 100 m/min
VOK-71 Rlo 3.8%%*
VOK-60 from 100 m/min 3 3.5
VOK-71 to 130 m/min 3.6 33

Note. * when increasing the cutting speed by 25 %,

** when increasing the cutting speed by 20 %;

**% ywhen increasing the cutting speed by 32 %.

Tpumeuanue. * npu nosviuieHuu ckopocmu pesanus Ha 25 %;
** npu nosvlienuu ckopocmu pesanus Ha 20 %,

*** npu nosviuenuu ckopocmu pezanus Ha 32 %.

Table 4. Values of predicted cutting force components when turning 09H17N7Yu steel with cutting ceramics in different states
Tabnuya 4. 3navenus nPOSHO3UPYEMbIX COCMABIAIOWUX CUTbL pe3anus npu movenuu cmanu 09X17H7HO
pedcyweti Kepamukoll, HaxooaAwelcs 8 pasHOM COCMOAHUY

Cutting force . . Cutting force
. I Cutting force radial .
Tool material longitudinal component Fy. N vertical component
component Fx, N p Vs Fz, N

VOK-60 120 340 440

VOK-60 with a Ti+TiN+(NbZrTiAl)N coating 95 300 370
VOK-71 96 310 370

VOK-71 + heat treatment + ion nitriding 82 270 310
VOK-71 with a Ti+TiN+(NbZrTiAl)N coating 64 220 260
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of blanks made of hard-to-machine 09H17N7Yu steel, with
a cutting speed of more than 50 m/min by applying nanostruc-
tured coatings to the VOK-60 and VOK-71 cutting ceramics,
and due to previous heat treatment) has been achieved. Ther-
mochemical treatment in the form of ion nitriding was per-
formed on a Bulat-type installation (Russia), which operates
using the condensation with ion bombardment (CIB) method.
This made it possible to alloy the bond, which increased
the strength of the grain boundaries of the cutting ceramics.

Comparison with other existing studies [12; 13] showed
a high result of using cutting ceramics. This study estab-
lished the fact of an increase in the service life of cutting
ceramics in comparison with the VK8 hard alloy by 7-10 ti-
mes, depending on the applied technological process of
hardening the cutting tool. It was identified that in compari-
son with cutting ceramics in the initial state, the service life
for VOK-71 increased by 1.8 times due to the use of heat
treatment, and by 2.8 times due to the use of heat treatment
followed by ion nitriding. The obtained results supplement
(update) the recommendations of the world’s leading tool
companies — Walter (Germany), Sandvik Coromant (Swe-
den), Mitsubishi (Japan), ISCAR (Israel). The results do not
contradict the existing concepts formulated in the works
[14—18]. It is shown that the obtained results are applicable
to related hard-to-machine 12H18N10T and 13H15N AM-3
stainless steels.

The authors plan to conduct further research in
the area of identifying the contribution of a particular
coating to increasing the tool life, identifying the share
of the contribution of heat treatment and heat treatment
followed by ion nitriding.

According to the authors, the scientific novelty of
the work is that the possibility of using VOK-60 and VOK-71
cutting ceramics for turning blanks of parts made of hard-to-
machine 09H17N7Yu specialized stainless steel has been sub-
stantiated by using hardening coatings, as well as by heat
treatment and heat treatment followed by ion nitriding. In fact,
the use of the DEFORM software environment as a tool for
designing coatings is also a scientific novelty of the work.
The practical significance of such application of the DEFORM
software environment allowed selecting the most rational coat-
ings from all possible options at the stage of coating design.
This is a significant saving of research funds and time.

As a result of the conducted research, one can conclude
the following: an arsenal of technological processes for
manufacturing a tool made of cutting ceramics has been
developed. For specific operating conditions of the tool, it
is necessary just to select from this arsenal the most rational
technological process in terms of the tool performance indi-
cator, taking into account productivity and cost.

The practical significance of the work is that the cutting
mode parameters have been identified, at which the effects
of increasing productivity and the tool life period are most
fully realised.

CONCLUSIONS

During the simulation modelling of the cutting tool
stress state, as well as the study of the process of turning
hard-to-machine corrosion-resistant 09H17N7Yu stainless

steel, the possibility of using VOK-60 and VOK-71 cutting
ceramics was proven.

The use of coatings in comparison with cutting ceramics
without a coating allowed increasing the service life of cut-
ting ceramics from 25 to 32 % with an increase in the cut-
ting speed to 100 m/min.

The processing productivity in comparison with the VK8
hard alloy increased by 1.4-2.6 times.

The increase in the service life in comparison with
the VK8 alloy was 7—10 times.

In comparison with cutting ceramics in the initial state,
the service life increased by 1.8 times due to the use of heat
treatment and by 2.8 times due to the use of heat treatment
followed by ion nitriding.
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MIOJTF30BaHBI CMEHHBIE THIIOBBIC PEXXYIINE IIACTHHBI, BEITONHEHHBIE U3 pexymield kepamuku Mmapok BOK-60 1 BOK-71.
B pabore Ha OCHOBE MMUTAIIMOHHOTO MOJICIIMPOBAHIS B IporpaMMHO cpene deform o6ocHOBaHA M 3aTeM SKCIIEPUMEH-
TaJIBHO MOATBEPKACHA BO3MOXKHOCTH BBRICOKOCKOPOCTHOM 00pa0OTKH YKa3aHHOW pexXylied KepaMuKoil. JlomOTHUTEIEHO
MPEAJI0KEHO HAaHECEHUE YIPOUYHSIIOUIUX TTOKPBITHII METOJIOM KOHJCHCAIMH C MOHHOW O0MOapMpPOBKOM, 4TO 00eCIeYrsIo
MOBBIIICHHE CKOPOCTH pe3arus 10 100 M/MuH 1 GoJiee ¢ MOBBIIICHHEM ITEPHO/Ia CTOMKOCTH PEXYIIEH KepaMuku ¢ 3 70 3,8 pas.
IIpoBeneHs! uccaenOBaHU MAKCHUMAIBHBIX HANPSDKEHUH B MHCTPYMEHTAJIFHOM MaTepHaie M CKOpocTu redopmanuu 00-
pabarbiBaeMoro Matepuana. /[yt BbIOOpa panMoOHAIBHBIX PEIICHUH MPH UMHUTAIIMOHHOM MOJICINPOBAHUM HCIIOJIB30BaIN
napameTpbl «TeMIleparypa B 30HE PE3aHUs», «HANPSDKEHUS B MHCTPYMEHTAJIbHOM MaTepHaje», «U3HOC MHCTPYMEHTay,
YTO XapaKTepH3yeT CIIOHO-HANPSDKEHHOE COCTOSHME MaTepHhaia MHCTpyMeHTa. Ilepexon oT 3TUX mapaMeTpoB K Ipo-
THO3HOMY TPOEKTHPOBAHMIO PEXYIIEH KepaMHUKH BBITIONHSUIN ITyTEM M3MEPEHMsSI CHJIBI PE3aHUsl IIPU HaTypaJIbHOM pe3a-
HHUH. VI3MepeHHbIe 3HAYCHUsI COCTABISIIONIMX CHJIBI PE3aHUs UCIIOJIB30BAIN JUIS pacueTa HalpsHDKEHUH B WHCTPYMEHTANb-
HOM Marepuaine. B pe3ynbrare BBIOIHEHHOTO HCCIEIOBAaHMS MOATBEPKIEHA THIIOTE3a O TOM, YTO PEXyIas KepaMmuka
crocoOHa paboTaTh B YCIOBHAX 0O0pabOTKH BS3KHX TPYAHOOOpPaOAaTHIBAEMBIX KOPPO3SHOHHOCTOMKHX CIICITHATU3UPOBAH-
HBIX HeprkaBeromux crajneit Tuna mapku 09X17H7H0 (EU 1.4568, X7CrNiAll7-7), uMeromux BEICOKOE COIEpKaHUe XPo-
Ma (16—17,5 %) u vuxens (7-8 %). IlpeanoxkeHpl OpUTHHAIBHBIE TEXHOJIOTHYECKUE IPUEMBI TTOBBIIIEHUST pab0TOCTIOCO0-
HOCTH PEXYIleil KepaMUKH 32 CYeT CIelUaJbHOW TepMOOOpabOTKH M HaHEeCeHMs MOKPHITHH. B wactHOCTH, TepMooOpa-
6otka B Bakyyme npu temmeparype 1100—1400 °C B teuenne 20—40 MuUH MOBBICHIA O0BEMHYIO MPOYHOCTH KEPAMHKH,
a JIOTIOJHUTENbHAS XUMHUKO-TEpPMUYecKasi 00pab0oTKa IyTeM MOHHOTO a30THPOBAHUS, BHIIIOJIHEHHAS HA 3aKJIIOUYUTEIEHOM
aTarne TepMooOpabOTKH, MO3BOJIMIIA JIETUPOBATH CBSI3KY.

Knrouegvie cnoea: pexymas KepaMHuKa; TOYCHHE HEPIKABEIOIIEH CTalH; MOJAEIUPOBAaHUE MPOIecca TOUSHHS; CKO-
pOCTB pe3aHusl.
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