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MeTo10M paBHOKaHAIBHOTO YTIIOBOTO MPECCOBAHMSI M IOCIIEMYIOIIEr0 OTXKUTA Oy HIIi 00pa3ubl Meau M1 ¢
Pa3IMYHBIM CTPYKTYPHBIM COCTOSTHUEM. MeTo1aMu IPOCBEYMBAIOIIEH 37IEKTPOHHON MUKPOCKOIIUY M METAJLIOrpa-
(bum mccnenoBany CTPyKTypy 00pasIoB 10 U IOCIHIE MPOBEACHUS HCIIBITAaHNIT Ha TPEHHUE CKONIBKeHUs. B xoxe wc-
MIBITAHUN Ha pacTshHKEHUE U HAHOMH/ICHTUPOBAHHS OTIPEIeINIIN MEXaHMYECKUE XapaKkTepUCTUKH 00pa3LoB. B npo-
Lecce TPEHUs! [0 CXeMe LIapUK—AUCK PETUCTPUPOBATIH KOI(G(UIIMEHT TPEeHHs1, BUOPALMIO 1 aKyCTUYECKYIO 3MHC-
CHIO JUISl BBISBJICHHUSI OCOOCHHOCTEH BIMSIHUA CTPYKTYPHOI'O COCTOSIHMSI MaTepuaiia Ha IMHAMHKY TpeHus. Meton
KOH()OKATLHOM JIa3epHOI CKaHUPYIOIIEH MUKPOCKOIIMH MCIIONB30BAH IS OIIEHKH H3HOCA.

YcraHoBieHo, yTo yBenuueHue yncia npoxoaoB PKYII u oTxxur HecyiiecTBeHHO, He Oonee 8 %o, BIUSIOT
Ha KO3(QQUIMEHT TPEHUs CKOJIBXKEHUS B Iape cTaab—Menb. [loka3aHo, 4To yBenudeHue 4ucia NpoxXo0B
PKYVII mo3BomisieT cHm3uTh n3Hoc Menu M1 Ha 26—93 %. [loce omxura npu temmeparype 200 °C gorosn-
HUTEIILHO CHUXAETCS U3HOC, HAa 5—8 %, 1o cpaBHEHHIO ¢ 00pa3iamu 0e3 orxkura. Omxur npu 300 °C npu-
BOJIUT K YBEIMYCHHUIO H3HOCA HAa 37—65 %, o cpaBHEHMIO ¢ 00pa3uamu 6e3 oTxura. Huskas miacTu4HOCTD
1 BBICOKAs TBEPAOCTH MaTe€pHaia B CHIIbHOAE(GOPMUPOBAHHOM COCTOSIHUH ITPUBOAAT K (POPMHUPOBAHUIO TOJ-
CTOT'O MIPUITIOBEPXHOCTHOTO CJIOS, COCTOSAIIET0 U3 CMECH OKHMCIHMBIIMXCS YacTHIl M3HOCA, OKCUIOB MEIU U
(parMeHTOB pa3pylIeHHOH MoBepxHOCTH TpeHust. OTxur npu Temneparypax 200 °C u 300 °C ciocobeTByeT
MEHEEe BBIPaXKEHHOMY Pa3pyLICHUIO HOBEPXHOCTH 00Pa3LoB, a TAK)Ke OKMCICHUIO U CMELIMBAHUIO C YaCcTHU-
[aM¥ u3HOca B 60Jiee TOHKOM IPUITOBEPXHOCTHOM ciioe. [lorydenHsie B paboTe pe3yabTaThl YKa3bIBAIOT Ha
CYIIIECTBEHHOE BIIMSHNE CTPYKTYPHOTO COCTOSIHUS KaK Ha MEXaHMYECKHE CBOICTBA, TaKk U HA OCOOEHHOCTH
Ipolecca TPEHUs CKOJIBXEHUS M u3Hoca Meau M1.
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Abstract

Copper samples of M1 with different structural states were obtained by equal-channel angular pressing and
subsequent annealing. The structure of the samples before and after sliding friction tests was studied by trans-
mission electron microscopy and metallography. The mechanical characteristics of the samples were deter-
mined during tensile tests and nanoindentation. During friction according to the ball-on-disk scheme, the friction
coefficient, vibration and acoustic emission were recorded to identify the features of the influence of the struc-
tural state of the material on the friction dynamics. Confocal laser scanning microscopy was used to assess wear.

It was found that an increase in the number of ECAP passes and annealing have an insignificant, no more
than 8 %, effect on the sliding friction coefficient in the steel—copper pair. It is shown that an increase in the
number of ECAP passes can reduce the wear of M1 copper by 26—93 %. After annealing at a temperature
of 200 °C, wear is additionally reduced by 5—8 %, compared to samples without annealing. Annealing at
300 °C leads to an increase in wear by 37—65 %, compared to samples without annealing. Low plasticity
and high hardness of the material in a highly deformed state lead to the formation of a thick surface layer
consisting of a mixture of oxidized wear particles, copper oxides and fragments of the destroyed friction
surface. Annealing at temperatures of 200 °C and 300 °C contributes to less pronounced destruction of the
surface of the samples, as well as oxidation and mixing with wear particles in a thinner surface layer. The
results obtained in the work indicate a significant effect of the structural state on both the mechanical prop-
erties and the features of the sliding friction and wear process of M1 copper.

Keywords: severe plastic deformation, annealing, copper, sliding friction, wear, vibration, acoustic emission,

microstructure.
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