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Annotation

This study is devoted to the evaluation of machined surface roughness and average
cutting temperature during finishing longitudinal turning of workpieces made of heat-
resistant high-alloy steel 10GN2NMFA without the use of cooling with T15K6 carbide
plates. It was experimentally established that the dependence of the average temperature
on the machining speed in the investigated range of cutting modes has an extreme character
for each value of feed, and the values of the average roughness Ra during machining with
sharpened tools were in the range of Ra 0.8-1.25 microns, which corresponds to the 7th
class of roughness. In the course of evolutionary transformations in the cutting system, the
smallest change in surface microrelief for each feed value was recorded at speeds
characterized by minimum cutting temperatures. The average roughness by the end of the
period of durability of inserts in all cases was within Ra 1.8-2.5 microns. Thus, at dry
finishing of workpieces from heat-resistant steel 10GN2NMFA with surface roughness of
6 class the full resource of inserts up to critical wear can be used, for surfaces of 7 class of
roughness the time of operation of inserts is reduced to 40-60% of the durability period. In
this case, a turning surface of a given quality can be obtained without the use of additional
finishing passes and operations.

Keywords: heat-resistant steel, longitudinal turning, cutting temperature, surface
roughness
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CPABHUTEJIbHBIN AHAJIN3 ABPASUBHOI'O U3HAIIIMBAHUSI CTAJIEH
METOAOM ®U3NYECKOIT'O MOJAEJIUPOBAHUSA U MAILIMHHOT O
OBYYEHUA

AHHOTALIMA

[IpoBeneHbI CpaBHUTCIBHBIE TPUOOTECXHUYECKHE WCIBITAHUS H3HOCOCTOMKHX
paBHOTBEPBIX cTajcit MmapreHcuTHOro kimacca Hardox 450, Quard 450 o cpaBHEHHIO C
dbepputo-niepiutHO# cTanbio 091 2C. M3HOCOCTOMKOCTD € BO3pacTaia B Hanmpasienuu 1,0
— 7,9 — 18,1 B cramax 09I'2C — Hardox 450 — Quard 450, cOOTBETCTBEHHO.
[TocTpoens! rpadgukn KojieOaHU MOMEHTOB TPEHHSI UCCIIEIOBAHHBIX CTajeil BO BPEMEHHU,
MPOBEACHO UX CriaxuBaHue (ycpeaHeHnue) MmetoaoM XanHa. [IpoBeaeHo nmpeoOpazoBaHue
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®dypse M paccuMTaHbl AMIUIMTYJHO-YACTOTHBIE XapaKTEPUCTUKH MOMEHTOB TPEHUS.
[TokazaHo, YTO yMEHBIIECHHE AMIUIUTYIbl CHUHYCOHJBI IEpBOM (TJIaBHOI) TapMOHHUKHU
NPOHUCXOAMI0 B Hanpasienuu 3,40 — 2,15 — 1,40 B cramix 09I'2C — Hardox 450 —
Quard 450, cootrBeTcTBeHHO. B Tex jke cramsx BTopas rapMOHHKa (OpPMHpOBATACh C
aMILTUTYJaMHi CHHycou B Hampasienuu 1,50 — 1,60 — (0,85 u 0,70). Kak oka3anocs,
nocjie UchbITaHust oOpasioB u3 cramu Quard 450, Ha TMOBEPXHOCTH KOTOPBIX OBLIH
oOHapyKeHbl ~ CJeIbl  MApTEHCUTHOIO  MPEBpAIICHMs,  aMIUIMTYAHO-4acTOTHAas
XapaKTepUCTHUKa OOHApYXWIa CHEKTPhl JABYX BO30yXKJalmMX cuil (abpa3suBHOTO
W3HAIIMBAHUA U CTPYKTYPHO-()a30BOro (MapTEHCUTHOTO) MIPEBPAILICHHUS ), YIPOUHSIOIIETO
IIOBEPXHOCTh B KOHTAKTHOM 30HE Y MOBBIIIAIOIIETO €€ N3HOCOCTOMKOCTb.

Knrouesvie cnoéa: MOMEHT TpeHHUs, CTallb, ()a30BO€ MpEBpAIICHUE, OKHO XaHHa,
npeobpazoBanne Dypoe.

Beenenne

duznyeckuM MojelupoBaHueM (GPUKIUOHHOW MexaHuudeckod cuctembl (ODMC)
Ha3bIBAIOT TPUOOJOTHYECKUE HCCIeoBaHus (U3MUYECKH MOJO0OHBIX IMPOIIECCOB Ha
CTaHJAPTHBIX MAILMHAX TPEHMsS, COXPAHSIOUMX (U3UYECKYI0 HPUPONY SIBJICHUN, HO
BOCIPOM3BOJAIIMX HMX B MEHBUIMX TIeOMETpUYEcKUx paszMmepax. llpu Qusznyeckom
MOJIETUPOBAHUN  BBIABISAETCA  CBSI3b  MEXKIY  BBIXOJHBIMM  XapaKTE€PUCTHKaMU
TpUOOCHUCTEMBI, HAIpUMEpP MOMEHTOM M KO3(QQHUIMEHTOM TpPEHUs, U KaKoH-11bo
0000111eHHOM BETMYUHON TPUOOCONPSIKEHUS, HAIPUMEP, U3HOCOM U U3HOCOCTOMKOCTBIO.

Bo36yxnaromue cuiasl B PMC Bo BpeMeHHU, UMEIOT HETIPEPhIBHbIE IEPUOIUUECKHE
XapaKTepUCTUKU BO3ACUCTBUS, HAPUMEP, YaCTOTHI OOOPOTOB KOJEHYATHIX BAJIOB WU
pOTOpPOB ABUTaTeneil, konebanus oT aucbanaHca Bpamarmuxcs kojec. Beerna nmeercs
CHEKTp CIy4alHbIX BUOpalUui, OMNHCAHHE KOTOPBIX HPOCTHIMH HENPEPHIBHBIMU
byHkuMAMHU 3aTpyAHUTENbHO. Hanbosee ynoOHBIM ISl COBpEMEHHBIX METOJIOB pacuera
SBIISICTCS 331aHNE AMIUIUTYIHO-4YaCTOTHON XapaKTEPUCTUKHU CIIEKTpa BO30YKIAIOIIMX CUIT
[1].

IToBbIIEHNE U3HOCOCTOMKOCTH METAJIIOB U CILIABOB SIBJISICTCS. OJJHON U3 OCHOBHBIX
3a/1a4 COBPEMEHHOTO MaTEPUAIIOBEICHNS U MAILIMHOCTPOCHU. Pa3pyiienue noBepxHocTu
OpU TPEHUU W H3HAIIMBAHMM BBIBOJUT M3 CTPOsl OOJbIIOE KOJIMYECTBO MAalIUH U
KOHCTPYKLHW, O3TOMY KpalHE Ba)XHO aHAJIIM3UPOBATh B3aWMOJECHCTBUS IMOBEPXHOCTEMN
MaTepHaJioB BO BpeMs 3THX MPOIECCOB, a TaKke paboTaTh HaJ| pacUIMPEHHEM METO/I0B
HTOro aHajn3a. MHOrOYMCIEHHBIE UCCIIENOBAHUS MIOKA3bIBAIOT, YTO B 30HE KOHTAKTHOT'O
B3aUMOJCICTBUS MPOUCXOJUT MHOXKECTBO MPOLECCOB: TPEHUE, H3HOC, aaresus,
nepopmanus, paspymeHue. Ha 3Tu mpomeccsl BIMSIOT pPa3IUYHbIE XapaKTEPUCTUKU
MaTepHaIOB W YCIOBHUS TpPEHUs: (PU3MKO-MEXaHUYECKUE, XUMUYECKHE, TEIUIOBBIC
CBOMCTBA, KOHTAKTHBIE HAIPSIKEHUs, CMAa30YHbI MaTepHUall, TEOMETpUs PE3aHUs U T.[I.
OOpaboTka W BBISIBJICHHE B3aMMOCBA3€H U 3aBUCUMOCTEH MEXAY CTOJIb OOJBIINM
KOJIMYECTBOM  MapaMeTpPOB  HEBO3MOXXKHA  0€3  HCHOJb30BAaHUSI  COBPEMEHHOTO
aBTOMATHU3UPOBAHHOTO OOOPYIOBaHMSA, a TAaKKE€ HMHHOBAIIMOHHBIX METOJOB aHaIn3a
OOJIBIINX MAaCCUBOB JaHHBIX [2-8].

[TosToMy mnenbi0 JaHHOW pabOTHl SBISUIOCH pa3pabOTKa (U3NYECKOW MOJenn
(PUKIIMOHHON MEXaHWYECKOW CUCTEMBI JJISl BBISIBJICHHUS CBSI3M MEXKIYy MOMEHTOM TPEHUS
Y N3HOCOCTOMKOCTBIO nap TpeHus no cxeme «CranbHON ponuk — AOpa3uBHBIN poJIMK» C
HIOMOIIIBI0 KOMIIBIOTEPHOM MPOrpaMMbl MAIIMHHOTO 00y4eHus Ha s3bike Python.
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MeTtoabl 1 MaTepHUAaJIbI

B kaudecTBe HCXOAHBIX JaHHBIX I aHanu3a ObUIM BBIOpAHBI PE3yJbTAThI
TPUOOTEXHUYECKUX UCIIBITAHUNA 3-X CTajied: JBYX PaBHOTBEPbIX U3HOCOCTOMKUX CTaslel
mapreHcuTHOro kiacca Hardox 450, Quard 450 u ¢epputo-nepiautroit ctanm 091°2C. B
Tabauie 1 npeacTaBiIeH XUMHUUECKUN COCTaB UCCIEAYEMBIX CTaJIEH.

Tabmuua 1 — XuMHUYECKHl cOCTaB UCCIIeJOBaHHBIX CTajlei

C Si Mn P S Cr Al Mo B

Hardox 450 | 0.102 | 0.175 | 0.655 | 0.01 | 0.004 | 0.921 | 0.056 | 0.036 | <0,001

Quard 450 | 0.086 | 0.248 | 1.15 0.02 | 0.004 | 0.083 | 0.026 | 0.004 | <0,001
0912C 0.099 | 0.518 | 1.31 | 0.021 | 0.008 | 0.075 | 0.003 | 0.017 | <0,001

TpubGoTtexHuyeckue UCTIbITAHUS MPOBOJIMINCH HAa CTaHIApTHOW MaliuHe TpeHus
CMII-2 (Puc. 1, a) B Teuenuu 2,5 yacoB Ha oOpasmax B Buae «poiukoBy (Puc. 2, a) mo
cxeme «CtanbHOM posiuK — AOpa3uBHBINA ponuk» (Puc. 2, 6), B COOTBETCTBUHU C METOUKON
MHOI] «BaltTribo-Polytechnic» CIIOITY. Bepxuwuii abpa3uBHBIH POHK MO HATPY3KOU
45 H ObL1 HETIOABUKEH, HYYKHUHN POJIMK U3 UCCIIEIOBAHHBIX CTaJIel BpAIIAJICs C YaCTOTOU
500 o6/muH.

N3mepenne MUKpOTBEPAOCTH JIMCTOBOTO METajlIa 1o MeToay Bukkepca mpoBoamiu
Ha aBToMatuueckoM TBepromepe FUTURE-TECH (SImonus), (Puc. 1, 6), B cooTBeTCTBUU
¢ tpeboBanusimMu ['OCT 9450-76 npu narpyske 50 r.

B kadecTBe mporpamMMHOro obecredeHus A aHalu3a JaHHBIX HCIOJb30Balach
aBTOpCKas mporpamMma Ha si3bike Python, a Takxke Habop OMOIHMOTEK.

6)
Pucynok 1 — O6opynoBanue 1 ucnblTanus: a) MmamuHa TpeHusCMII-2; 6) aBromatuueckuit
mukpoTteepaomep FUTURE-TECHFM-300
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Pucynoxk 2 — OGpa3iibl A1 POBEACHUS UCIIBITAHUI: a) 4epTeX; 0) cXxema «CTabHON POJTUK —
aOpa3uBHBIN POJIUK»
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Pe3yabTaThl M 00CyK/IEeHUE

B Xxone mpoBeneHHBIX HCCIEIOBAaHUN OILEHUBAIU TBEPJAOCTb, MOMEHT (MTp) u
K09(QOUIMEHT TpEeHHs, BECOBOW W3HOC, OTHOCHTEIBHYIO HM3HOCOCTOWKOCTH (g),
PACCUUTHIBAEMYIO KaK OTHOIICHHE BEIMUMHBI u3HOca 0a3oBoii ctanu 091 2C k BenuunHe
M3HOCAa HCCIeAyeMOl H3HOCOCTOMKOW cTanu. Meramiorpadguueckue uccleT0BaHUS
IUIOUIA/I0K TPEHMSI CTAJIbHBIX POJIMKOB /10 U IOCJE UCTIBITAHUM TO3BOJIUIM YCTAHOBUTD UX
€IMHBI MEXaHU3M pa3pyLIEeHUs OBEPXHOCTU — abpa3uBHOE M3HammBaHue. OHaKo, Ha
MOBEPXHOCTH HCIBITAHHBIX 00pa3moB u3 cranu Quard 450, AOMOJHUTENBHO, OBLIH
0OHapyXEHBI ClIeJIbl MapTECHCUTHOTO TipeBparieHus (Tabm. 2).

Tabmuua 2 — XUMHUYECKHI COCTaB UCCIIeJOBAaHHBIX CTajlei

Mapxka | Teepaocts | M3HOC N3Hoco BT/IOQ;[;};T Koao. Mukpoctpykrypa
cranu MIla wir | crofikocts, & | P TpeHHs Ho ITocre
KI'C:CM
09r2C | 174 | 6,84 1,0 495201 | 0,44
Quard | y56 | 038 18,1 6,47114 | 0,58
450
Rardox | 434 | ogr 79 | 7,78653 | 0,69

JIns  BBISIBACHUST CBSI3W  MEXAY MOMEHTOM TpeHuss MTp  (BBIXOJHOU
XapaKTePUCTUKOM TpUOOCHUCTEMBI) U HU3HOCOCTOMKOCTHIO € (0O0OOIIEHHOW BETMYMHON
TpUOOCONPSIKeHHUS ), IUTsl uccnenoBanHbIx craneit 0912C, Quard 450 u Hardox 450 6butn
MOCTPOCHBI HOPMUPOBAHHBIE TPAPUKA MOMEHTOB TPEHHUSI TIOCJIE UCTIBITAHUS B UHTEpBAJIC
BpeMenu ot | yaca 10 1 yaca u 50 munyt (Puc. 3), Ha yyacTke yCTaHOBHUBILIETOCS MpPoIEcca
TPEHUS U U3HAIINBAHUS.

Kak BuIHO U3 3TUX rpadMKOB, U3HOCOCTOMKHUE CTAJTM MapTEHCUTHOTO Kitacca Quard
450 u Hardox 450 umenu Oosiee paBHOMEPHBIH 1O aMIUIUTYJE MOMEHT TPEHHUS IO
cpaBHeHHIO ¢ (epputo-nepautHoi cranpo 0912C, amMmnuTyaa 3HAUYCHHM MOMEHTa
KOTOPOT0 3HAYMUTEIBHO M3MEHsIach BO BpeMeHU. [Ipu 3ToM B mporiecce TpeHus cTaiu
Quard 450 (Puc. 3, 6) Bo BceM BpEeMEHHOM HHTEpBaje HAOJIOJAUCH JIBE CTAOMIbHBIC
aMILTUTYAHbIE MOJIbI H3MEHEHUSI MOMEHTA TPEHUSI.

UtoO0kI O0JIe€ OTYETIMBO BBIJCIUTh 3TU U3MEHEHHS, B aBTOPCKOH MporpamMme ObLIo
MPOBEACHO YCpeAHEHUE (CriaXMBaHWE) pe3yJbTaTOB HCIBITAHUM I UCKIIOUECHUS
JUIIHUX ~ (CaydalHbIX) KoOJIeOAHWW, BBI3BAHHBIX JIOMOJHUTEIbHBIMA  BHEIIHUMH
BubOparusamu (Puc. 4).

CranaxuBaHue OBUIO TPOM3BEACHO 10 METOAY XaHHa, C IIHPUHON «OKHA
crumaxuBanus» 16 Ttouek. Jlamee ObuM pacCUMTaHbl AMIUIATYIHO-YaCTOTHBIC
XapaKTepUCTUKH Konebanuii MomeHTa Tpenus (Puc. 5).

[IpeobpazoBanne dypbe — 53TO QYHKIMSA, OMUCHIBAIOIIAS aMIUIUTYAy U (azy
KOKJIOW CHHYCOWJIBI, COOTBETCTBYIOIIEM ONPEACIEHHON 4YacTOT€ W MO3BOJIAOIIAL
Pa3N0XKUTh UCXOJIHBIN CUTHAJT HA TAPMOHUYECKUE COCTABIISIONINE IS OTJEICHUS IIYMOB
[9-15].

Kax BuaHo u3 Puc. 5, ymeHblIeHHEe aMIUTUTYIbl CUHYCOH/IbI MEepBOU (TJIaBHOIN)
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TapMOHHKH IIPOUCXOAMIIO B HarpaBinennu 3,40 — 2,15 — 1,40 B cransax 0912C — Hardox
450 — Quard 450, cooTBeTCTBEHHO. B Tex e craisx Bropas rapMoHHKa (hOpMUPOBAIach
C aMIUTUTyAaMu cuHycoua B Hanpasienuu 1,50 — 1,60 — (0,85 u 0,70). Kak oxazanocs,
nocie uchbITaHus oOpasnoB w3 cramm Quard 450, Ha MOBEPXHOCTH KOTOPHIX OBLIH
oOHapy>KeHbI clieJibl MapTeHCUTHOro mpeBpamieHus (Tabx. 2), aMmiIuTyaHO-4acTOTHAs
XapaKTepUCTHUKAa OOHApYXWIa CHEKTPhl JABYX BO30yXKJammMX cuil (abpa3suBHOTO
W3HAIIMBAaHUSA U MaPTEHCUTHOIO IPEBPALLEHU).
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Pucynok 3 — MI3MeHeHrne MOMEHTa TPEHUS BO BPEMsI UCIIBITAHUSI CTAJICH:
a) 09I"2C; 6) Quard 450; B) Hardox 450
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Pucynoxk 4 — Crinaxennblie rpadiKi M3MEHEHHE MOMEHTA TPEHUS BO BPEMS UCIIBITAHUS:

a) 09T°2C; 6) Quard 450; B) Hardox 450
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PrcyHok 5 — AMIUINTYAHO-4aCTOTHBIE XapaKTEPUCTUKHU:
a) 09I'2C; 6) Quard 450; B) Hardox 450
Kak mokazamu Ttpuborexnuueckue ucnbitanus (Tabn. 2), M3HOCOCTOHKOCTH &
BO3pacrana B Hanpasienuu 1,0 — 7,9 — 18,1 B cransax 091'2C — Hardox 450 — Quard

450, COOTBETCTBEHHO.
Takum obpasom, B cramu Quard 450, obmagaromieii MUHHUMAIbHONH aMILIUTYIOM

NIEPBOM TAPMOHHKH, BTOpasi OKa3allaCh PAaCHICIUICHHON HAa 2 CHHYCOUJIBI C OJIM3KUMU, HO
pasHbIMH aMIUTHTy1aMu. MOXHO mojiaraTh, 4yTo B ctanu Quard 450, B poriecce TpeHus,
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NPOUCXOIMIM HEKHE CTPYKTYPHO-(ha30BbIe NpPEBpAIlCHUS, HANPHUMEP, OCTATOYHBIH
ayCTCHWT IIPEBpAIIaJCis B MapTECHCUT AchOpMalMK, YIPOUYHSIONIMA MOBEPXHOCTH
KOHTaKTHOM 30HBI M MMOBBIIIAIONINNA H3HOCOCTORKOCTE cramu Quard 450.

3akiouenune

B pe3ynbrare npoBeeHHBIX HUCCIIeIOBaHUH Obllla HalMcaHa aBTOpPCKas MporpaMma
Ha s3bike Python, wucnosnb3oBaHHas IS CpaBHEHHS MOMEHTOB TPCHHS JBYX
usHococToikux crajeit Hardox 450 u Quard 450 mo cpaBHEHHIO C OOBIYHOH CTaIbIO
09I"2C. Iloka3aHo, 4To Mo cpaBHeHHIO co cranbio Hardox 450, B KOHTaKTHO# 30HE
paBHOTBep 0¥ cTamu Quard 450, B mpoliecce TPeHHUs, MPOUCXOAMIN CTPYKTYpHO-(Ha30BbIe
(MapTeHCUTHBIEC) MPEBPAILCHUS, YIPOUHSIONIME MOBEPXHOCTh B KOHTAKTHOM 30HE M
MOBBIIIAIONIUE €€ U3HOCOCTOMKOCTD.
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19-00178, https://rscf.ru/project/22-19-00178/

CIIUCOK JIMTEPATYPHBI

1. IIa6anoB, A.}O., Tamemmes, [O0.B., CumopoB, A.A. u ap. HccnenoBanue
B(bq)CKTI/IBHOCTI/I BOCCTAaHOBJICHUA TEXHUKO-D3KOHOMHNYCCKUX oKa3arejen HNU3HOUIICHHOT'O
JBUTATENS ¢ TIOMOIIBIO TPUOOTEXHUUYECKUX cocTaBoB. CoBpeMeHHOe MalnHocTpoenue: Hayka u
obpaszoBanmue. 2016. C.583-596.

2. Skotnikova, M.A., Tsvetkova, G.V., Krylov, N.A., Medvedeva, V.V. Features of wear
of abrasive grains depending on microcuttings speed of steels. 2016. Key Engineering Materials,
674, pp. 189-194.

3. Syundyukov, I. S., Ryabikin, A. Y., lvanova, G. V., Skotnikova, M. A. Increasing the
Wear Resistance of Crankshafts by the Plasma Spraying Method. 2023. Lecture Notes in
Mechanical Engineering. pp. 142-152.

4. Tsvetkova, G., Skotnikova, M. Engineering and research of wearability coating on the
basis of high—strength steel. 2018. Proceedings of 9th International Scientific Conference,
BALTTRIB 2017 — Dedicated to 100th Anniversary of Restitution of Lithuania, pp. 166-171.

5. CxkotHukoBa, M. A. [u ap.]. Tpuborexuuueckue marepuansl. CTaiau U YyryHbl: yuel.
nocooue. CII6: IIOJIUTEX-ITPECC, 2020 — 61 c.

6. ®wmrmmos, M. A., lllemykos, O. 0. Tpenne m aHTUDPUKIMOHHBIE MaTEPHAIIBI:
yuebHoe nmocobue. M—Bo Hayku U BbIciI. oOpa3zoBanus P®. ExarepunOypr: M3n—Bo Ypan. yH—
1a,2021-204 ¢

7. A6nykaxxopoB, 3., Paxumon, . T., ApmamamueB, M. W. Bnusuue dda3oBoit
MEePEKPUCTAIUIA3AIMN Ha a0pa3sWBHYIO H3HOCOCTOMKOCTh cTayii. COOpHHMK HAay4YHBIX TPYIOB
Bcepoccuiickoro Hay4yHO-HCCIIEI0BATENBCKOIO HHCTUTYTA OBLIEBOJICTBA U KO30BOACTBa, 2016 —
T. 1. Ne 9. C. 404-406.

8. CtpenpaukoBa, C. C. TeHaeHIIUN pa3BUTHS METOIOB TPUOOIOTUYECKUX HCCIEIOBAHUN.
B cOopuuke: Tpubonoruss — wmammHoctpoeHuto. Tpynel XIII MexaynapoaHoit HayyHO—
TexHrueckoi koHdepeniuu, 2020 — c. 281-286.

9. Uneuues, B.IO. Hcnonb3oBanne anroputMma auddepeHnanbHON 3BOTIONUN IS
pelIeHus ONMTUMU3AIMOHHBIX 3a7a4. // Cuctemusiit anmunuctparop. 2021. Ne 4 (221). C. 80-83.

10. ®wupcoBa, C.A. TIIpeoOpa3oBaHue JIUCKpEeTHOro TmpeodOpa3oBanus Dypre B
noNMHOMHANBHYIO (hopmy. // BectHuk TaraHporckoro rocyJapCTBEHHOTO IEJarormueckoro
uHctutyta. 2014. Ne 1. C. 73-76.

11. Harris, F. J. On the use of windows for harmonic analysis with the discrete Fourier
transform / F. J. Harris // Proc. of the IEEE. — Jan. 1978. — Vol. 66, no. 1. — P. 51-83.

12. Sxumos, B. H. IludpoBoii rapmMoOHNYECKH aHAIM3 HAa OCHOBE METOJIa YCPEIHCHUS

357


https://www.scopus.com/authid/detail.uri?authorId=6603652904
https://www.scopus.com/authid/detail.uri?authorId=16409736900
https://www.scopus.com/authid/detail.uri?authorId=55837311200
https://www.scopus.com/authid/detail.uri?authorId=57118349300
https://www.scopus.com/record/display.uri?eid=2-s2.0-84958179698&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-84958179698&origin=resultslist&sort=plf-f
https://www.scopus.com/sourceid/12378?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=16409736900
https://www.scopus.com/authid/detail.uri?authorId=6603652904
https://www.scopus.com/record/display.uri?eid=2-s2.0-85072882555&origin=resultslist&sort=plf-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85072882555&origin=resultslist&sort=plf-f

Dypbe—npeoOdpazoBaHus CeBIO0AHCAMOII CErMEHTOB 3HaKoBoro curtana / B. H. Slkumos, A. B.
Mamkos, O. B. I'op6aues // Lludposast o6padotka curaanon. — 2016. — Ne 2. — C. 31-34.

13. Iloropenos, A. B. HccnenoBaHne 4acTOTHBIX XapPaKTEPUCTHK PYAHUYHOH CETH C
MAaCCUBHBIMU  (PUIBTPOKOMITICHCUpYIOIIIMMU  ycTporictBamu  / A. B. IloropemoB //
WutemexryanbHas anekrporexnuka. — 2019. — Ne 3. — C. 27-35.

14. 1Opuk E.A., UnbnueB B.IO. VMcnonb3oBanue GyHKIMA OBICTPOTO IpeoOpa3zoBaHUs
@Dypbe A CeKTpabHOTO aHalu3a myma nepiuna. E-Scio. 2021. Ne 9 (60). C. 287-297.

15. [nsaxrtenko IL.I., IlumenoB B.U., Kopnor O.B. HcnonwszoBanue AByMEPHOTO
JUCKpeTHOro mpeoOpa3zoBanus @Dypbe I KOMIBIOTEPHOTO aHalW3a MaTepuayia ¢
MOBTOPSAIOIIEHCS CTPYKTYpOoid. ABTOMaTU3ausa U coBpeMeHHbie TexHoiaoruu. 2013. Ne 7. C. 20—
27.

A.Y. Ryabikin, A.D. Shestakov, L.D. Tuptei, M.A. Skotnikova, A.D. Novokshenov
Peter the Great St. Petersburg Polytechnic University,
Saint Petersburg, Russia. ryabikin-98@mail.ru

COMPARATIVE ANALYSIS OF ABRASIVE WEAR OF STEELS BY
PHYSICAL MODELING AND MACHINE LEARNING

Abstract

Comparative tribotechnical tests of wear-resistant equal-hard steels of the
martensitic class Hardox 450, Quard 450 in comparison with ferrite-pearlite steel 09G2C
were carried out. The wear resistance increased in the direction of 1.0 — 7.9 — 18.1 in
steels 09G2C — Hardox 450 — Quard 450, respectively. Graphs of fluctuations in time of
the friction moments of the studied steels are constructed, their smoothing (averaging) by
the Hanna method is carried out. The Fourier transform was performed and the amplitude-
frequency characteristics of the friction moments were calculated. It is shown that the
decrease in the amplitude of the sine wave of the first (main) harmonic occurred in the
direction of 3.40 — 2.15 — 1.40 in steels 09G2C — Hardox 450 — Quard 450,
respectively. In the same steels, the second harmonic was formed with sinusoid amplitudes
in the direction of 1.50 — 1.60 — (0.85 and 0.70). As it turned out, after testing samples
made of Quard 450 steel, on the surface of which traces of martensitic transformation were
found, the amplitude-frequency response revealed the spectra of two exciting forces
(abrasive wear and structural-phase (martensitic) transformation), strengthening the
surface in the contact zone and increasing its wear resistance.

Keywords: moment of friction, steel, phase transformation, Hann window, Fourier
transform.
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