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THERMAL STREAMS AT USE OF A CUTTING TOOL WITH WEAR-PROOF COATING
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ABSTRACT. Productivity of metal cutting operations can be increased by means of processing speed increase. At that, a limiting factor is the decrease in wear
resistance of the cutting tool. Software «DeForm3D» has been used for simulation of the cutting, which makes possible to vary in heat-physical parameters and
tribological properties of a contact zone, simulating characteristics of wear-proof coatings on border "tool-detail". Such a parameter can be not only heat conductivity
of the coating, but also entry conditions of a pre-contact zone (for example, friction factor) which in turn influences formation of sources of heat and their intensity. In
order the influence degree of the specified factors on efficiency of process of cutting to be assessed, the following experimental researches have been carried on:
Analysis of tribo-technical characteristics at various temperatures which is made on an adhesion measuring instrument at use spherical indenters from High-Speed
Steel without a covering and with coverings (TiCr)N and (TiCr)N, and also indenters from High-Alloy Steel with coverings TiN, (TiCrN, (TiAN, (AIT)N, (TIAICN,
(AITICPN. In quality of pair a friction special samples from a Constructional Steel with hardness 20 HRC are used. As a result of researches, the role of the
arrangement of the various coating layers of the multilayered architecture, synthesized at use of thermochemical processes CVD is defined. It is revealed, that the
greatest temperature of cutting corresponds to processing by the tool without a coating. The maximum decrease in intensity of thermal streams in system "tool-
preparation" is provided with the coatings having multilayered architecture, and intensity of a thermal stream considerably depends on sequence of making layers of a
multilayered coating.
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PE3IOME. pon3BoanTenHoCTTa Ha MeTanopexeLyuTe onepawum MOXe Aa ce yBenu4yasa Ypes yBennyaBaHe Ha ckopocTTa npu obpaboTka. Mpu ToBa orpaHMyaBaly
hakTop e HamMansiBaHETO Ha W3HOCOYCTOMYMBOCTTA HA PeXeLLnsi MHCTpYMeHT. CodhTyepbT «DeForm3D» e U3non3saH 3a CUMyraLus Ha psisaHe, KOeTo No3BonsiBa
TOMNUHHO-(IM3MYHUTE NapaMeTp U TPuBONMOTMYHMTE CBOICTBA Ha KOHTaKTHaTa 30Ha fAa ObAaT M3MEHsHW NpWU CUMyNauusTa Ha XapakTepucTukuTe Ha
M3HOCOYCTONYMBOTO MOKPUTME HA rpaHuULaTa MHCTPYMEHT-feTaiin. TakbB napameTsbp Moxe fia Gbae He camo TOMMONPOBOAMMOCTTA HA NMOKPUTUETO, HO CbLLO W
HayanHWTe ycroBMsi Ha AOKOHTaKTHaTa 30Ha (Hanpumep KOe(UUMEHTBT Ha TPUEHE), KOUTO OT CBOS CTpaHa ONPeAensT W3TOYHULWTE Ha TOMNMWHA M TaXHaTa
WHTEH3WBHOCT. AHanM3bT Ha TPMBO-TEXHNYECKUTE XapaKTEPUCTUKM € HanpaBeH 3a pasnyHu TeMNepaTypy, KaTo ca U3NoN3BaHu aaXe3uoHeH U3mepBaTeneH ypes u
cpepuyHn MHaeHTopu OT Gbpaopexella ctomaHa 6e3 nokputue u ¢ nokputis ot (TiICr)N u (TiCr)N, a CbLUO M OT BUCOKONerupaHa ctomaHa ¢ nokputus ot TiN,
(TiCr)N, (TIADN, (AITi)N, (TIAICK)N, (AITICr)N. KaTo gBoiika ca 13non3saHu cneynanHi hpuKLYOHHN MOCTPY OT KOHCTPYKLMOHHA cTomMaHa ¢ TBbpaocT 20 HRC. Kato
peaynTaT OT W3cnefBaHuUsATa € OnpefeneHa ponsTa Ha NMOAPeXAaHeTo Ha Pa3nuyHUTE CNoeBe Ha MOKPUTMETO B MHOTOCMOMHATA CTPYKTYpa, CUHTe3upaHa upe3
TepmoxuMuyHus CVD npoliec. YCTaHOBEHO €, Ye Hal-BucokaTa Temnepartypa npu psisaHe CbOTBETCTBA Ha 06paboTka ¢ MHCTPYMEHT Be3 nokputue. MakcumanHo
HamansBaHe Ha WHTEH3WBHOCTTA Ha TeMMnepaTypHUTe NOTOUM B cuUCTeMaTa ,MHCTPYMEHT-MOATOTOBKA” Ce OCUrypsiBa OT MOKPUTME C MHOTOCMONHA CTpyKTypa W
WHTEH3WBHOCTTA Ha TeMNEPaTYPHIS NOTOK 3aBICY 3HAYUTENHO OT NOCNEeAOBATENHOCTTA HA CIOEBETE B MHOTOCTONHOTO MOKPUTHE.

1. Introduction

Productivity of metal cutting operations can be increased by
means of processing speed increase. Limiting factor thus is
decrease in wear resistance of the cutting tool. Therefore it is
important to understand the factors influencing destruction of a
tool material to create such conditions at which the given
factors influenced in the least image wear of the cutting tool
[1, 2]. Most important of such factors are thermal influence on
cutting tool and a thermal condition in the course of cutting
[2,3,4]

Simulation of cutting process can essentially reduce terms of
working out of technology in connection with manufacture
preparation, especially at use of innovative tool materials [5].
There is a requirement for the mathematical models
authentically describing the thermomechanical phenomena,
accompanying cutting process, and allowing to predict

properties of materials cutting, and also wear resistance of the
tool already at the stage of technological preparation of
manufacture.

In the course of cutting practically all mechanical energy
turns to thermal energy. Thus resistibility of the tool to wear
process is in many respects defined by temperature conditions
of cutting system. For pair the tool-detail irrespective of cutting
modes exists optimum temperature of cutting, which
corresponds to the minimum wear of the tool. It means, that if
in the course of processing cutting temperature less optimum it
is necessary to increase it. If temperature of cutting more
optimum, it is necessary to create conditions of its decrease.
Management in temperature of cutting and maintenance at the
set level excludes the factor of negative influence of
temperature on wear of the tool. Such management can be
reached at the expense of regulation by thermal streams in
system «the tool - preparation - a shaving - environment».



Coverings of the cutting tool, possess dual functions as can
strongly enough change superficial characteristics of a tool
material (frictional properties, heat conductivity, propensity of a
tool material to physical and chemical interaction with a
processed material etc.), and simultaneously influence contact
processes. Thus, multifunctionality of the intermediate
technological environment what the covering is, allows to
predict possibility of the directed management in temperature
of cutting [1, 6].

On the one hand the covering is capable to lower essentially
friction factor in system "tool-preparation” and to reduce
capacity of frictional sources of heat. On the other hand, the
covering possesses shielding function and is capable to reduce
essentially intensity of thermal streams in cutting wedge of the
tool and to increase, thus, a temperature threshold of the
beginning of adhesive interaction in system "preparation-tool"
and to lower intensity of diffusion between them [6].

In the course of cutting under the influence of temperature
there are structurally-phase transformations into blankets of
the tool materials and preparation that means change of
physicomechanical properties of boundary layers of contacting
surfaces. As a result conditions of formation of contact
temperatures and maintenance of optimum temperature of
cutting change. Therefore the important problem at designing
of functional coverings for the cutting tool is forecasting of
changing contact conditions.

Decision of the coverings creation problem taking into
account the specified factor is application of multilayered
architecture of a covering in which each layer will carry out
strictly certain functions answering to certain conditions of tool
functioning.

2. Technique of researches

Software «DeForm3D» were used for cutting simulation.
Thus movements it is informed the rigid body simulating cutting
tool, and to preparation it is put only forces, therefore the tool
moves concerning preparation. Using reference processing it
was set the basic conditions of cutting: processing modes, tool
and preparation geometry, parametres of tool coverings etc.
Preparation geometry set in the form of the cylinder with a
diameter 120 mm. Cutting modes corresponded to following
parameters: spindle rotation speed 1600 rpm, feed rate 0.11
mm/rev, cutting depth 0.7 mm. A material of tool substratum is
High-Alloy Steel.

Applying computer simulation it is possible to vary in heat-
physical parametres and tribological properties of a contact
zone, simulating characteristics of wearproof coverings on
border "tool-detail". As such parametre can be not only heat
conductivity of the covering, but also entry conditions of a pre-
contact zone (for example, friction factor) which in tumn
influence formation of sources of warmth and their intensity.
On fig. 1 results of calculations in a software «DeForm 3D» are
shown at use various wearproof coverings both on a chemical
compound, and on a thickness of a layer.

For an estimation of influence degree specified above factors
on efficiency of process of cutting following experimental
researches are executed. The analysis of tribo-technical
characteristics at various temperatures which made on an
adhesion measuring instrument at use spherical indenters from

High-Speed Steel without a covering and with coverings
(TiICr)N and (TiCr)N, and also indenters from High-Alloy Steel
with coverings TiN, (TiCr)N, (TiIADN, (AITi)N, (TIAICNN,
(AITICNN. In quality of pair a friction special samples from a
Constructional Steel with hardness 20 HRC used.

(@) (b)

Fig. 1 Calculation of temperature fields at the cutting in the software
«DeForm 3D»

(a) - without a covering;

(b) - TiN in the thickness 5 um;

(c) - TICN in the thickness 5 um;

(d) - TiN in the thickness 5 pm and AlOs in the thickness 5 um;

(e) - Al2Os in the thickness 5 um and TiCN in the thickness 5 pm and TiN
in the thickness 5 um;

(f) - Al2O3 in the thickness 5 um and TiN in the thickness 5 pm.

3. RESULTS AND DISCUSSION

In experiments at milling and turning investigated wear of the
tool on a back surface, temperature and force of cutting, a
roughness of the processed surface. On fig.2 results both
settlement, and experimental values of temperature of cutting
for various conditions of processing by the tool with a covering
at the turning are resulted. Cutting modes corresponded to
following parameters: cutting speed 450 m/min, feed rate 0.11
mm/rev, cutting depth 0.5 mm.

Tests were conducted at milling on vertically-milling machine
tool HECKERT of Constructional Steel and Stainless Steel by
end mills (d=12 mm, z=4) and face mills (d=90 mm, z=1) with
replaceable tetrahedral plates from High-Alloy Steel without
coverings and High-Alloy Steel with covering TiN, (TiCr)N,
(TIADN,  (AITON, (TIAICN, (AITICN, having various
percentage of each of elements with the general thickness to
15 um. Milling modes: spindle rotation speed 500-900 rpm;
feed 60-100 mm/min; cutting depth of 1-3 mm;



Coverings on tools have been received on the process
equipment of the basic manufacturers of the tool with a
covering («Balcers», «Sandvik Caromant», «Carbide»,
«Rimet») on factory technologies about use of processes CVD
and PVD, and also with use of filtered.

The fig. 2 shows good enough coincidence of experimental
and settlement data, and also the most effective role of
coverings on the basis of system Ti-Al-N, received at use of
filtering processes.

—— Experimental line
o) = = = Settlement line
300
L ks S
= I L
(5] - =
S8601 8 -
5 | s 2l=z]|=]|%]|2
= 5 g B E~Y el N
._g % S} % = | O Q
£ |5|E|€|3| 2|8
820 } &2

Coverings
Fig. 2 Influence of a covering on cutting temperature at the turning

4. CONCLUSION

As a result of researches the role of an arrangement of
various layers of coverings of the multilayered architecture
synthesised at use of thermochemical processes CVD is
defined. It has been revealed, that the greatest temperature of
cutting corresponds to processing by the tool without a
covering. The maximum decrease in intensity of thermal
streams in system "tool-preparation” is provided with the
coverings having multilayered architecture, and intensity of a
thermal stream considerably depends on sequence of making
layers of a multilayered covering. In particular more favorable
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thermal condition of a cutting wedge of the tool the two-layer
system of a covering provides a «substratum of alloy -
Al203 (5 um) - TiIN (5 um)» in comparison with two-layer
system «an alloy-TiN substratum (5 pum) - Al203 (5 pm)».

The maximum improvement of a thermal condition of a
cutting wedge of the High-Alloy tool three-layer system
provides an «alloy substratum - Al203 (5 um) - TiICN (5um) -
TiN (5 um)», that the combination of layers of a multilayered
covering is caused favorable. In particular, at such covering the
top layer TiN provides the maximum decrease in adhesive
activity of a substrate in relation to a processed material.
Transitive layer TiICN carries out strong adhesion between top
TiN and bottom Al2O3 layers, and bottom layer AlOs effectively
shields action of a thermal stream from a frictional source of
heat on forward and back contacting surfaces of the toal.
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