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B pabote mocraBneHa 3amada onpeaeneHus YCIOBHHA TPUOOJOTHICCKAX UCTIBITAHAN MTOKPBITHH, B KOTO-
PBIX TIOKPBITHE PEaM3yeT CBOW MOTEHIHAN (U3UKO-MEXaHUUYESCKUX M TPHUOOJIOTHYSCKHX CBOWMCTB HE3aBU-
CHMO OT MOJUTOKKH. Vcronb30BaHa cTaHIapTHAsE METOANKA TPUOOIOTHUECKUX UCTIBITAHUN HA MAIIMHE TPe-
HUS 10 CXeMe «IITH(T-IIIACTHHAY C KPYTOBBIM ABMKEHHEM chepruecKoro mrudra-uHaecHTopa. [IpuBeaeHs
IKCIIEPUMEHTAIbHBIC JTAaHHBIC MCCICIOBAHUS CTPYKTYPhl U CBOWCTB BAaKyYMHBIX MOHHO-IIIA3MEHHBIX HUT-
punsbix mokpbiTHil TiN, TiAIN, CrAlSiN tommmuo# 0,8—4,0 MKM, HAHECEHHBIX Ha TUTACTHHYATHIC CTallb-
HbIC 00pas3Iibl, MPeAHA3HAYCHHbBIC /I MCIBITAHUN Ha MaliuHe TpeHus. [Ipolecc N3HAIMBAHUS TOKPBITHH
PACCMOTPEH C MO3UINN MEXaHUKH KOHTAKTHOTO pa3pylIeHHs U Teopuid yctanoctu. [IpennoxkeHa pacuéTHo-
AHATMTUYECKAsT MOJICIb JJIs KOJIMYSCTBCHHOM OLICHKU MapaMeTPOB KOHTAKTa U U3HAIIMBAHUS [TPH UCIIBITA-
HUSIX HAa TPCHHUE: pa3Mepa KOHTAKTHOM MUIOIAAKH, TTYOHHBI KOHTAKTHOTO COJMIKEHHUS, TIYOUHBI TUIACTHYC-
CKO#1 30HBI, HATIPSKCHHUH B MIOKPBITHH, TIpeeiia YCTAIOCTH, KPUTUIECKON TOJIINHBI TOKPBITHS, HCKITFOYat0-
e ero mporu6. J{yst oleHKK M3HOCA MOKPBITHI B 3TOM Cy4yae PEeKOMEHIOBAHO MCIIOJIb30BaHUE MOJIEICH
YCTANIOCTHOTO pa3pyllieHus ¢ TOCTPOSHHEM KPUBOH yCTAaIOCTH Benepa u onpeeneHueM npeiena yeTaaocTH
Ha OCHOBE Teopud MypokaMu-OHa0. Peanuzaius peKkoMeHIOBAaHHOTO OIX0/a BBIMOJHEHA JJIs UCCIICIO0-
BaHHBIX HUTPHUIHBIX MOKPBITUH ¢ UCIOJIB30BaHUEM 0a3bl COOCTBEHHBIX IKCIIEPUMEHTAIbHBIX JTaHHBIX.

Ki1ioueBble cjI0Ba: MOHHO-IIa3MEHHAs TCXHOJIOTHA, HUTPUAHBIC MOKPBITHUA, CKAaHUPYIOLIAsa 3JICKTPOHHAA
MHKPOCKOIIHN:, (1)I/I3I/IKO—M€X3HI/I‘IGCKI/IG CBOﬁCTBa, TpI/I60J'IOFI/ILIGCKI/Ie CBOﬁCTBa, HCIIbITa-
HHA Ha H3HOCOCTOﬁKOCTB, MCXaHHU3MBbI H3HOCA HOKpBITI/Iﬁ, TPEHUE CKOJILXXCHU A, MEXa-
HHUKa KOHTAKTHOT'O paspymiCHUsA, YCTAJIO0CThb.

DOI: 10.32864/0202-4977-2024-45-2-171-182

Aopec 0na nepenucku:

O.B. Kyopsixos

Pocmosckuii cocyoapcmeennblil ynusepcumem nymeii coooujenus,
ni. Pocmosckoeo Cmpenxoeoeo Ilonka Hapoonozo Ononuenus, 2,
Pocmos-na-/Jony 344038, Poccus

e-mail: kudryakov@mail.ru

Address for correspondence:

O.V. Kudryakov

Rostov State Transport University,

Rostovskogo Strelkovogo Polka Narodnogo Opolcheniya Sq., 2,
Rostov-on-Don, 344038, Russia

e-mail: kudryakov@mail.ru

ns yumuposanus:

O.B. Kyopsixos, B.U. Konecnuxos, /I.C. Manmypos, 1.B. Konecnuxos,
B.H. Bapaska.

VHXeHepHbIE COOTHOIICHHS IS PACYETHO-aHAIUTHIECKOTO
MIPOTHO3UPOBAHMS H3HOCA NOKPBITUH IIPH TPUOOIOTHISCKUX
UCHBITAHUSX.

Tpenue u u3HOC.

2024. - T.45,Ne2. - C. 171-182.

DOI: 10.32864/0202-4977-2024-45-2-171-182

For citation:

0.V. Kudryakov, V.I. Kolesnikov, D.S. Manturov, I.V. Kolesnikov,
and V.N. Varavka.

[Engineering Relationships for Computational and Analytical
Prediction of Coating Wear During Tribological Tests].

Trenie i Iznos.

2024, vol. 45, no. 2, pp. 171-182 (in Russian).

DOI: 10.32864/0202-4977-2024-45-2-171-182

171



Tpenue u usnoc
2024. —T. 45, Ne 2. — C. 171—182
O.B. Kyopakos u Op.

Friction and Wear
2024, vol. 45, no. 2, pp. 171—182
O.V. Kudryakov et al.

Engineering Relationships for Computational and Analytical
Prediction of Coating Wear During Tribological Tests

0.V. Kudryakov'?2, V.I. Kolesnikov!, D.S. Manturov!, I.V. Kolesnikov', and V.N. Varavka?

'Rostov State Transport University,

Rostovskogo Strelkovogo Polka Narodnogo Opolcheniya Sq., 2, Rostov-on-Don, 344038, Russia

’Don State Technical University,
Gagarin square 1, Rostov-on-Don, 344000, Russia

Received 11.03.2024.
Revised 17.04.2024.
Accepted 18.04.2024.

Abstract

The work sets the task of determining the conditions for tribological testing of coatings, in which the

coating realizes its potential of physical, mechanical and tribological properties regardless of the substrate. A
standard method of tribological testing was used on a friction machine according to the “pin-disk” scheme
with a circular motion of a spherical indenter pin. Experimental data are presented on the study of the structure
and properties of vacuum ion-plasma nitride coatings TiN, TiAIN, CrAlSiN. The coatings had a thickness of
0.8—4.0 microns and were applied to plate steel samples intended for testing in a friction machine. The wear
process of coatings is considered from the perspective of contact fracture mechanics and fatigue theories. A
calculation and analytical model is proposed for quantitative assessment of contact and wear parameters dur-
ing friction tests: the size of the contact area; the depth of contact approach; the depth of the plastic zone;
stresses in the coating; fatigue limit; critical thickness of the coating, which excludes its deflection. To assess
the wear of coatings in this case, it is recommended to use fatigue failure models with the construction of a
Woehler fatigue curve and determination of the fatigue limit based on the Murokami-Endo theory. The im-
plementation of the recommended approach was carried out for the nitride coatings using a database of our
own experimental data.

Keywords: ion plasma technology, nitride coatings, scanning electron microscopy, physical and mechanical
properties, tribological properties, wear resistance tests, coating wear mechanisms, sliding fric-
tion, contact fracture mechanics, fatigue.
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