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AHOTaNif. Y JOCIIIKEHH] PO3TISHYTO MUTAHHS MiIBUINEHHS TOBTOBIYHOCTI JeTajeil MaIlluH 32 PaxyHOK
3pOCTaHHs iX ONOpPY 3HOUIYBAaHHIO Ta KOPO31MHOMY pYyHHYBaHHIO IIJISIXOM BHMKOPHCTaHHS IMOJIMEPHUX
KOMITO3UIIHHUX MOKPHUTTIB. C(HOPMOBAHO CKJIAIM KOMITO3UIIIH HAa OCHOBI PEAKIIITHO3IaTHUX OJIrOMEPHUX
cucreM, 30kpema enokcuanoi cmonu EJI-20 ta kapOaminodopMmaibAeriiHOi CMOJM, OO SKMX BBEICHO
aucriepcHi MoAM(iKyroui KOMIOHEHTH — Tpemels, KpeMEeHUCTI Matepianu, rpadit i ¢roporutact. Takox
3allpOIOHOBAHO €HOCIO (hOpMYBaHHS MOKPUTTIB, 110 0a3y€ThCSA HA TEXHOJIOII] HAHECEHHS 13 3aCTOCYBaHHIM
3anypeHHs. [t aHanmizy ocoOiamBocTel Oym0BU c(hOPMOBAHUX IIAPIB BUKOPUCTAHO METOAM iH(PpauepBOHOT
CIIEKTPOCKONIT Ta PEHTICHOCTPYKTYPHOro JociikeHHd. OKpiM LbOro, IpPOBEACHO OLIHIOBAHHS
eKCIUTyaTallifHO BaXJIMBUX XapaKTEPUCTHUK, 30KpeMa aAre3iiHOi MIiIHOCTI, yIapHOi B’SI3KOCTI, 3IaTHOCTI J10
BOJIONIOIJIMHAHHSA Ta TPUOONOTIYHMX MOKa3HUKIB. OTpUMaHiI pe3ynbTaTH CBiAYaTh, IO BBEJICHHS
HATIOBHIOBAYiB HE CYMPOBOKYETHCS (POPMYBAHHIM HOBUX XIMIYHHX CIIOJYK Yy IOJIMEPHIA MaTpHIli, OJHAK
CIPUYMHSE MIJBUILEHHS BIOPAIKOBAHOCTI ii CTPYKTYypH, LIO TPOSIBIAETbCS Yy 3POCTaHHI CTyIEHS
KpHUcTaiiuHocTi. BecraHOBIEHO, 0 J07aBaHHs (PTOPOIUIACTY MO3UTHBHO BIUIMBA€ HA are3iifHi Ta yaapHi
BJIACTUBOCTI TMOKPHUTTIB, TOJAI SK BHUKOPUCTAHHS IHIIMX MOAM(DIKATOPIB MNPU3BOAUTH JIO iX IEBHOTO
MOTIpIICHHA. Y mporieci TpUuOOoJOTriYHUX BUIIPOOYBaHb 3a()iKCOBAHO 3HMKEHHS Koe(]illieHTa TepTs 0 pIBHS
6mu3pko 0,2 mpu BBEJEHHI KPEMEHHMCTHX KOMIIOHEHTIB 1 Tpemeny. [IpakTHyHa LIHHICTH OAEp)KaHUX
pe3yNbTaTiB MOJSITa€ y MOXJIMBOCTI iX BHUKOPHCTAHHS SIK QIbTEPHATUBH ICHYIOUMM TEXHOJIOTISIM
(¢bopMyBaHHS MOKPUTTIB Ha LUILBOBUX 3’€JHAHHAX NPUBOJHUX BaJliB, L0 CIPHUATHME IMOKPALIEHHIO iX
poOOUNX XapaKTEPUCTUK Ta MiABUILEHHIO pecypcy.

Kiro4oBi ci1oBa: KOMMO3UIiHI MOKPUTTS, 3HOCOCTIHKICTh, KOpPO3iifHa CTIMKICTh, MOJIIMEPHI MaTepiaiu,
eMOKCHJIHA CcMoJa, KapOaminogopMmanbleriiHa cmoia, Monaudikatopu, (roporuiact, TpPUOOIOTiuHI
BIIACTHBOCTI, KOE(IIIEHT TEPTSI, aAre3is.
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Abstract. This paper presents the results of experimental studies on the influence of wear-resistant titanium

nitride (TiN) coatings on the durability of ISO K10 and ISO K20 multi-faceted, non-regrindable cemented

carbide inserts during turning of stainless steel X20Cr13 (EN 1.4021). Experiments were carried out on a
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CNC lathe model 16K20F3 over a wide range of cutting conditions. It was found that applying coatings
reduces the friction coefficient, decreases the contact area between the chip and the tool, and alters the wear
mechanism, providing an almost twofold increase in tool life. The results confirm the effectiveness of using
coated tools for machining difficult-to-cut materials.

Keywords: stainless steels; X20Cr13; EN 1.4021; difficult-to-cut materials; cemented carbide inserts; 1SO
K10; ISO K20; TiN coating; tool life; turning; wear; CNC; cutting tool

Currently, machining heat-resistant and corrosion-resistant steels, which are classified
as difficult-to-cut materials, remains a pressing challenge. These materials are mainly
processed on flexible automated systems, automated machine complexes, and CNC
machines. The cutting tool used under such conditions must have high reliability and wear
resistance. Frequent tool replacement and subsequent readjustment lead to equipment
downtime and increased machining costs. The high toughness, hardness, strength, and heat
resistance of heat-resistant stainless steels significantly complicate the mechanical
processing, classifying them as difficult-to-machine materials.

For machining such materials, cutting tools equipped with multi-faceted, non-
regrindable inserts have gained wide use. One of the main directions in tool development is
the use of inserts with wear-resistant coatings. The effectiveness of such tools depends both
on the coating properties and on the rational selection of tool material depending on
machining conditions. The aim of this study is to increase the durability of cutting tools
during turning of difficult-to-machine stainless steels.

Experimental studies were carried out during longitudinal turning on a CNC lathe
model 16K20F3. It was found that applying wear-resistant coatings to cemented carbide
inserts significantly increases tool life. The experimental samples were pentagonal, non-
regrindable cemented carbide inserts of ISO K10 and 1ISO K20 grades, characterized by high
hardness and wear resistance. Machining was performed on stainless steel X20Cr13 (EN
1.4021) over a wide range of cutting parameters.

The inserts were coated with a single-layer titanium nitride (TiN) coating obtained by
physical vapor deposition (PVD) with ion bombardment on a vacuum unit such as Bulat-3T.
During the experiments, it was observed that at cutting speeds F>/50 m/min, uncoated
inserts experienced significant adhesion of the machined material on the rake face. The
subsequent detachment of the adhered layer led to crater formation, accelerating wear of the
cutting edge. Uncoated tools were subjected to intensive abrasive-mechanical wear under
adhesive interaction with the chip.

The application of TiN coatings substantially modified the conditions of contact
interaction. The width of the contact area decreased by 2—3 times, which reduced the friction
coefficient and decreased the degree of chip deformation. Additionally, the coating changed
the wear pattern of the tool’s working surfaces, reducing abrasive-mechanical wear and
adhesion of the material, thus ensuring a more stable cutting process.

As a result of the studies, it was established that during turning of stainless steel
X20Cr13 (EN 1.4021) under identical cutting conditions, tools equipped with multi-faceted
inserts with TIN coating exhibit nearly twice the tool life compared to uncoated tools.
Therefore, the use of ISO K10 and ISO K20 cemented carbide inserts with wear-resistant
coatings is an effective way to increase machining productivity and reduce operational costs
when turning difficult-to-machine corrosion-resistant steels.
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AHoTanig. Y poOOTi HaBEIEHO pEe3yNbTaTH EKCHEPUMEHTAIbHUX JOCHIUKEHb BIUIUBY 3HOCOCTIHKHMX
MOKPUTTIB Ha OCHOBI HIiTpuay tutaHy (TiN) Ha JOBroBiYHICTh OaraTorpaHHMX HeNepeTauyBaHUX
tBepaociuiaBHux miactuH [ISO K10 ta ISO K20 npu TouinHi kopo3ikiHocTiiikoi ctam X20Cr13 (EN 1.4021).
Excniepumentu npoBojwinck Ha TokapHoMmy Bepctati 3 UIIY moxmeni 16K2003 y mmpoxomy aiama3oHi
peXUMIB pi3aHHs. BcTaHOBIEHO, 1110 HAHECEHHS MOKPHUTTIB 3MEHIIye KOe(DILI€HT TepTsi, CKOPOUye IIIOLLY
KOHTAaKTy CTPYKKHU 3 IHCTPYMEHTOM Ta 3MIHIOE MEXaHI3M 3HOIIYBaHHS, 3a0€3Meuyoun Mailke JIBOpa3oBe
30UIbIIEHHS pecypcy iHcTpyMeHTa. OTpHMaHl pe3ysbTaTH HiATBEPIKYIOTh €(PEKTHBHICTh 3aCTOCYBaHHS
MOKPUTUX THCTPYMEHTIB MPU 00poO11i BaXKKOOOPOOIIOBaHUX MaTepialiB.

KuarouoBi caoBa: xoposiiiHoctiiiki crami; X20Crl3; EN 1.4021; BakkooOpoOiroBaHi Martepianu;
tBepaociuiaBHi wiactuny; [SO K10; ISO K20; mokpurts TiN; pecypc iHCTpyMeHTa; TOUIHHS; 3HOLTYBaHHS;
YITY; piKy4Hii iIHCTPYMEHT.
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