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2.5.4. POBOTbI, MEXATPOHWKA 11 POBOTOTEXHUYECKWE CUCTEMBI

Hayunaa cmamus
DOI 10.47617/2072-3172 2023 4 8 YIK: 004.896

TI'o Y, B.B. Cepeopennvuit’, M.A. lllepeyances’, C. Illnv’, C. Yncar’®

'MI'TY um. H.D. Baymana
2 @I'bOY BO «MI'TY «CTAHKHWH»
3 HanmoHasnbHbli 000POHHBIN HAyYHO-TEXHUYECKUN YHHBEPCUTET

PACNO3HABAHME U OTCINEXNBAHUE MEXAHUYECKUX
WHCTPYMEHTOB B KONJIABOPATUBHOW POEOTOTEXHUYECKOWU
AYEWKE C MPUMEHEHWUEM MEXAHU3MA BHUMAHUA

AHHOTAUUSA

B crarpe mpencrapieHa pa3paboTaHHas CHCTEMa KOMITBIOTEPHOTO 3pEHHMS ISt TPOMBIIILICHHBIX CIIEHAPUEB TIpHUMe-
HEHUs KOJU1a0OpaTUBHBIX POOOTOB. PaccMOTpEHBI 3a/1a4H, CBS3aHHbIE C KIICTIKOM METaJNINUECKUX I1acTUH. OCHOBHOM
AKIICHT CHIeNIaH Ha 3a/]aue PacTIO3HABAHMS MEXaHHIECKUX HHCTPYMEHTOB, yIEPKUBAEMBIX B pykax pabounMu. BosHu-
KaloT Cephe3HbIE TPOOIEMBI C OKKITFO3MEH B ITPOIiecce B3aNMOIEHCTBIS MEK /Ly PyKO# orieparopa U pabodiM 0OBEKTOM.
Jlnst pelienust JaHHO poOIeMbl U U1 YBEITHMUYEHUS] BO3MOXKHOCTH U3BJIEUEHUS OCOOBIX IPU3HAKOB H300paskeHUi
C y94eTOM KOHTEKCTyalIbHON MH()OPMAINH, B pacCMAaTPUBAEMOH apXUTEKType HCIONB3YIOTCS MEXaHH3MBI BBISB-
JIeHHs 3aKOHOMEPHOCTEN MKy BXOJHBIMU M BBIXOJHBIMH JaHHBIMH — MOAYIH BHUMaHUS. K mprmMepy, B Momymsax
BHMMAaHUS HCIOJIb30BAHbI MEXaHU3MbI IPOCTPAHCTBEHHOTr0 BHUMaHUS Criss-Cross 1 SIMAM, KOTOpbIe FTeHEPUPYIOT
TpeXMepHBIe Beca, 00BEANHS KaHABl M TPOCTPAHCTBEHHbBIE N3MEPEHHs. B 3TOM KOHTEKCTE MpeCTaBICHB! TPH
MoauHUIIPOBAHHBIE MOJIETH AT PACIIO3HABAHHS MEXaHMYECKHX HHCTPYMEHTOB, Y/IEPKUBAEMBIX B PyKaxX, C yIeTOM
po0OiIeMbl OKKIIIO3UM. Mozenu pacno3HaBaHus ocHoBaHbl Ha YOLOVS. B pamkax paGoTbl HHTETPUPOBAH alrOPUTM
orcnexusanus SORT B gerextop YOLOVS. Co3nan crienaan3upoBaHHbI HA0Op JaHHBIX, OPUEHTUPOBAHHBIN Ha
3a/1a9qy PacTIO3HABAHHUS MEXaHNUECKNX HHCTPYMEHTOB, yAEPKUBAEMbIX B pykax. OLleHKH MPOU3BOAUTEIEHOCTH TPeX
MOIU(UIMPOBAHHBIX MOJieNIel ToKa3anu 3GGEeKTUBHOCTb MO SIMAM 1 orpaHdYeHHY0 3G ()EKTUBHOCTS MOIYJIS
npocTpaHcTBeHHOro BHUMaHus Criss-Cross.

KuiroueBble cjioBa: KOJ'IHa60p3.TI/IBHaﬂ p06OTOTCXHl/IKa, CHUCTEMa TEXHUYECKOI0 3pCHUs, B3aMMOJICHCTBHE YEJIOBEKA
u p060Ta, B3aMMOJICHCTBHE pPyKcC O6’BeKTaMI/I, pacClio3HaBaHUEC 00BEKTOB C Y4E€TOM OKKIIFO3UH, MCXaHN3M BHUMAaHUS.

O6pasen uurupoBanus: Y ['o, CepeOpennsiii B.B., llepeyxeB M.A., IIanb C.,Yxan C. Pacnio3HaBaHue u oTcie-
JKMBaHHE MEXaHMUYECKUX HHCTPYMEHTOB B KOJIIa00OpaTHUBHON pOOOTOTEXHUYECKOH SUeHKe C MPUMEHEHHEM MeXaHH3Ma
BauMaHnus // Bectauk MI'TY «Crankun». —2023. — Ne 4 (67). — C. 8-18. —DOI 10.47617/2072-3172_2023 4 8

G. Wu'l, V.V. Serebrenny’, M.A. Shereuzhev’, X. Shen', X. Zhang’

! Bauman Moscow State Technical University
2MSUT “STANKIN”
3 National University of Defense Technology

RECOGNITION AND TRACKING OF MECHANICAL TOOLS
INACOLLABORATIVE ROBOTIC CELL USING ATTENTION MECHANISM

Abstract

The article develops a computer vision system for an industrial situation involving metal plate riveting and focuses
on the problem of recognizing hand-held mechanical tools. A serious occlusion problem arises in the process of hand-
object interaction. To solve the occlusion problem and improve the ability to extract features with contextual informa-
tion, attention modules are often used in the main part. For example, Criss-Cross and SImAM spatial attention, which
generates 3D weights by combining channels and spatial dimensions. In this regard, three modified models based
on YOLOVS for occlusion-aware hand-held mechanical tool recognition were proposed. SORT tracking algorithm
was integrated into YOLOVS detector. A custom dataset was created for our hand-held mechanical tool recognition
task. After evaluating the performance of the three modified models, the effectiveness of the SimAM module and
the limited effectiveness of the Criss-Cross spatial attention layer were confirmed.

Keywords: collaborative robotics, computer vision, human robot collaboration, hand object interaction, occlusion-
aware object detection, attention mechanism.

For citation: Wu G., Serebrenny V.V., Shereuzhev M.A., Shen X., Zhang X. [Recognition and tracking of mechanical
tools in a collaborative robotic cell using attention mechanism] // Vestnik MSUT “Stankin”. — 2023. — No 4 (67). —
P. 8-18. - DOI 10.47617/2072-3172_2023 4 8 (In Russian)
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___ 2.55. TEXHONOr 1A 1 OBOPY0BAHVE MEXAHUYECKOW 1 ®3NKO-TEXHWYECKOW OBPABOTKA —

Hayunas cmamos
DOI 10.47617/2072-3172_2023 4 19 YK 621.763

0.0. Anywesuy', H.UH. Kpuxeau', O.B. Kpamap', M.C. Ho3opuna', A. Cnuphoé?,
H.B. Conuc IMunapzomé’, I1.1O. Ilepemsazun’, C.H. I'puzopves’

' OI'BOY BO «MI'MCY um. A.11. EBIOKHUMOBa»
2dI'BOY BO «MI'TY «CTAHKIUH»

UCCNEOOBAHWE MEXAHUYECKUX U SNEKTPUYECKUX
XAPAKTEPUCTUK KEPAMUYECKUX KOMNO3UTOB HA OCHOBE
oKcunaoB ANtOMUHUA N ULUPKOHUA, APMUPOBAHHBLIX OKCMOOM
FPAD®EHA, NOJTYMEHHbLIX METOAOM UMNC

AHHOTALUS

B nanHO# paboTe mpeacTaBIeHO UCCIICIOBAHNUE BIMSHUS COJICPKAHKSI BOCCTaHOBICHHOTO Okcua rpadena (rGO)
Ha HU3UKO-MEXaHNIECKHE 1 DIIEKTPUIECKUE CBOMCTBA KEPAMHIECKUX KOMIIO3UTOB Ha OCHOBE OKCHJIOB aTFOMUHHS
U nupkoHus. s aToro ObUT mosydeH okcua rpadeHa ¢ moMompo MOAU(GHUINPOBAHHOTO METoa XamMMmepca.
T'oMOreHHbIEC CMECH KEpaMHUUECKHX TIOPOIIKOB U OKCHIa Tpad)eHa ObLUTH MOJTyYeHbI METOIOM KOJUIOUIHON 00pabOoTKH.
Hcnonb3yst TeXHOIOTHIO HCKpoBOTo tutazMenHoro cnekanus (MI1C), Obuti moydeHb! BHICOKOIIOTHBIE KOMITO3UTEL.
Taxoke B mporiecce CriekaHus OKCHI Tpad)eHa ObUT TEPMHYECKH BOCCTAHOBIICH, YTO MOATBEPIKACHO PAMAHOBCKOM
CHEKTPOCKOMHe. MHUKPOCTPYKTYpa, (ha30BbIi COCTaB M MEXAaHMYECKOE IMOBEACHNUE CIIEUYEHHBIX KOMIIO3UTOB
ObuTH M3y4eHbl. VccrenoBanus MUKPOCTPYKTYPBI IIOKa3aJId PABHOMEPHOE paclpeae’]eHnue JMOKCHIA IHPKOHHS
B Kepamuueckoi matpuue. CriedeHHbI KepaMuueckuii Komno3utT ¢ cojepkanueM 0.28 mac. % rGO nokasain
YIJIy4IICHHbIC MEXaHMYECKHE CBOMCTBA: TIPOYHOCTh MpH M3rude cocraBmiia 876 + 43 MIla, BA3KOCTh pa3pyliCHHs
6.8 = 0.3 MITa-m"? u TBepmocts 17.6 + 0.3 I'Tla. VccnenoBanue 37IeKTPONPOBOAHOCTH KOMITO3UTOB MMOKA3aI0, YTO
naxe ipu camoM Hu3koM (0.28 mac. %) coepKaHIN BOCCTAHOBJIEHHOTO OKCHA rpadeHa MO3BOIISIET HCI0JIb30BaTh
METO/[] HIIEKTPOIPO3UOHHON 00pAOOTKHU AJISI M3TOTOBICHHS U3ACIUI CIOKHON (OPMBI, UTO 3HAUUTEIHFHO CHUYKAET
CTOMMOCTH POU3BO/ICTBA.

KumioueBble c1oBa: rpadeH, okcusi rpadeHa, OKCHI] allfOMUHHUS, IMOKCH]] TUPKOHUSI, HICKPOBOE IJIa3MEHHOE CIIEKaHue,
MUKPOCTPYKTYpPa, MEXaHUUECKHE U SIEKTPUUECKUE CBOICTBA.

Oopasen uutupoBanus: Snymesuu O.0., Kpuxenn H.M., Kpamap O.B., Hoznpuna M.C., Cmupros A., Comuc
[unaprore H.B., Ilepersrun [1L.1O., I'puropses C.H. MccnenoBanme MeXxaHHIECKUX U AIIEKTPHUSCKUX XapaKTepr-
CTHK KepaMHYECKHX KOMIIO3HUTOB Ha OCHOBE OKCHJIOB aJIOMUHUS M LIUPKOHHSI, apMUPOBAHHBIX OKCHIOM rpadeHa,
noyueHHbix Metogom UTIC // Bectauk MI'TY «Crankuny. —2023. — Ne 4 (67). — C. 19-28.—DOI 10.47617/2072-
3172 2023 4 19

0.0. Yanushevich, N.I. Krikheli, O.V. Kramar, M.S. Nozdrina, A. Smirnov,
N.W. Solis Pinargote, P.Yu. Peretyagin, S.N. Grigoriev

' FSBEI HE “A.IL Yevdokimov MSMSU”
2MSUT “STANKIN”

STUDY OF MECHANICAL AND ELECTRICAL PROPERTIES OF ALUMINA
AND ZIRCONIA BASED CERAMIC COMPOSITES TOUGHENED
BY GRAPHENE OXIDE FABRICATED BY SPS

Abstract

This paper presents a study of the influence of the reduced graphene oxide (rGO) concentration on the physical-
mechanical and electrical properties of ceramic composites based on aluminum and zirconium oxides. For this
purpose, graphene oxide was obtained using a modified Hammers method. Homogeneous mixtures of ceramic powders
and graphene oxide were obtained by wet processing route. Using the technology of spark plasma sintering (SPS),
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2.5.5. TEXHONOIMs N OBOPYAOBAHWUE MEXAHWYECKOW 1 ®U3WKO-TEXHUYECKOW OBPABOTKM

high-density composites were produced. Also, after sintering graphene oxide was thermally reduced, which was
confirmed by Raman spectroscopy. The microstructure, phase composition and mechanical behaviour of the sintered
composites were studied. The microstructure studies showed a uniform distribution of zirconia in the ceramic matrix.
The sintered ceramic composite with 0.28 wt.% rGO showed improved mechanical properties: flexural strength was
876+43 MPa, fracture toughness 6.8+0.3 MPa-m'? and hardness 17.6+0.3 GPa. The study of the electrical conduc-
tivity of composites showed that even at the lowest (0.28 wt.%) content of reduced graphene oxide makes it possible
to use the method of electrical discharge machining to manufacture products of complex shape, which significantly
reduces the production value.

Keywords: graphene, graphene oxide, alumina, zirconia, spark plasma sintering, microstructure, mechanical and
electrical properties.

For citation: Yanushevich O.0., N.I. Krikheli, Kramar O.V., Nozdrina M.S., Smirnov A., Solis Pinargote N.W.,
Peretyagin P.Yu., Grigoriev S.N. [Study of mechanical and electrical properties of alumina and zirconia based ceramic
composites toughened by graphene oxide fabricated by SPS] // Vestnik MSUT “Stankin”. — 2023. — No 4 (67). —
P. 19-28. - DOI 10.47617/2072-3172_2023 4 19 (In Russian)
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2.5.5. TEXHONOIMs N OBOPYAOBAHUE MEXAHWUYECKOW 1 ®U3UKO-TEXHUYECKOW OBPABOTKM

Hayunas cmamos
DOI 10.47617/2072-3172_2023 4 29 YK 621.793

H.U. Kpuxenu', O.B. Kpamap', H.IO. Ilepemsazun’, H.I. Yuopuyoea?,
ILIO. Ilepemszun?, C.H. I'puzopves’

' OI'BOY BO «MI'MCY um. A.M. EBIOKHMOBa»
2®I'e0Y BO «MI'TY « CTAHKHH»

WCCNEOOBAHUE CBOMCTB NOKPbITUA, COOPMUPOBAHHbIX
MUKPOAYroBbiIM OKCWAUPOBAHMEM HA TUTAHOBOM CINNABE
B ANEKTPOJIUTAX C PA3NINYHbIM COAEPXXAHUEM OKCUOA NIPA®EHA

AHHOTAIUS

B nanHo# paboTe npecTaBIeHo UCCieI0BaHIEe BIUSHIE coJiepkanusi okcuaa rpadena (OIN) B 6a30BOM CHIIMKATHO-
rUo(GOCcHUTHOM IISKTPOJIUTE HA CBOMCTBA MOKPBITHIT (MOP(HOIOTHs TOBEPXHOCTH, TBEPJOCTh, (Pa30BbIi aHAIN3
U paMaHOBCKasl CIIEKTPOCKOIIHs ), CHOPMUPOBAHHBIX MUKPOIYTOBBIM OKCHANPOBAHUEM Ha TUTAHOBOM ciiiaBe BT6.
IMporecc MUKPOIYTOBOTO OKCHUANPOBAHHS TPOU3BOIMICS B CHIIMKATHO-TUITIO(GOCHHUTHOM ITEKTPOIUTE, COCTOSIIEM
13 Na,SiO,-9H,0 u Na(PH,0,)-H,0, ¢ nobaBkamu pa3auaHoro coaepskanus okcuaa rpadena. MUKpOIyroBoe okcH-
JIMPOBaHNE MPOBOAMIOCH HA DKCIIEPIMEHTAIFHON yCTaHOBKE B aHOAHO-KaTogHOM peskume (50 '), mpu cooTHO-
IIEHWH aHOJHOTO M KaTOMHOTO TOKOB 1:1 ¥ rutoTHOCTH cyMMapHOTO Toka 20 A/mM? ¢ TIPOIOIKATENLHOCTRIO 00pa-
6otk 30 muH. [IpoBeeHHBIE HCCIIEOBAHMUS TIOKA3aJIH, YTO YBEINIECHHE KOHIICHTPAIUU OKCHIA Tpad)eHa IPUBOIUT
K YMEHBIIEHHIO OTKPBITOH IIOPUCTOCTH, K YBEIMUSHHIO TOIIIMHBI M IIEPOXOBATOCTH MOKPBITHI, HO MOBBIIICHUE
€ro KOHILICHTPAIHH, B CBOIO OYepe/Ib, HE TIOKAa3bIBAET 3HAUNTEIBHBIX YBEIMUCHHUI JaHHBIX MMoKa3zaTenel. B pabdote
OTMEYEHO MOBbIIIeHHE TBepocTH OT 333 10 368 HV ¢ yBennveHuem KOHIIEHTpAIMU OKcua rpadeHa. PeHTreno-
(ha30BBIN aHANIN3 TIOKPBITHI MOKa3al HaJH4IKe TakuX (a3, Kak pyTHII, aHaTa3 ¥ HaXOIIIHecs B aMOP(PHOM COCTO-
SIHUM TUTAHOCHJIMKATBHI U aIIOMOCHIIMKATEL. PaMaHOBCKast CIEKTPOCKOIIHS HCCIIEJOBAaHHBIX 00PA3LOB C Pa3INIHBIM
coZiep)KaHueM OKcHJa rpadeHa moTBepauiia Hamare okcuaa rpadeHa B chOpMUPOBAHHBIX OKCHIHBIX CIIOSX.

Kiouesble ciioBa: rpadeH, okena rpadeHa, THTAHOBBIH CIIaB, MUKPOJIyTOBOE OKCHIMPOBAHKUE, MUKPOCTPYKTYpa,
MEXaHUYECKHUE CBOMCTRBA.

Oopazen nutupoBanus: Kpuxenu H.U., Kpamap O.B., Ilepersrun H.}YO., Yunpunosa H.T'., [Tepersrun I1.1O.,
I'puropres C.H. HccnenoBanue CBONCTB NOKPBITHH, CHOPMHUPOBAHHBIX MUKPOAYTOBBIM OKCHANPOBAHUEM Ha TUTA-
HOBOM CIIABE B AEKTPOIIHTAX C Pa3IMIHBIM cofiepkanneM okcraa rpadena // Bectauk MI'TY «Crankun». —2023. —
Ne 4 (67). — C.29-35.—DOI 10.47617/2072-3172 2023 4 29

N.I Krikheli', O.V. Kramar', N.Yu. Peretyagin’, N.G. Undritsova’,
P.Yu. Peretyagin’, S.N. Grigoriev’
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STUDY OF PROPERTIES OF COATINGS FORMED BY MICRO-ARC
OXIDATION ON TITANIUM ALLOY IN ELECTROLYTES WITH DIFFERENT
GRAPHENE OXIDE CONTENT

Abstract

This paper presents a study of the effect of graphene oxide (GO) content in the base silicate-hypophosphite electrolyte
on the properties of coatings (surface morphology, hardness, phase analysis and Raman spectroscopy) formed by
micro-arc oxidation on titanium alloy VT6. The micro-arc oxidation process was carried out in a silicate-hypophosphite
electrolyte consisting of Na,SiO,-9H,0 and Na(PH,0,) -H,O, with additives of different contents of graphene oxide.
Micro-arc oxidation was carried out on an experimental setup in an anodic-cathodic mode (50 Hz), at an anodic to
cathodic current ratio of 1:1 and total current density of 20 A/dm? with a treatment duration of 30 min. The studies
have shown that increasing the concentration of graphene oxide leads to a decrease in open porosity, to an increase in
the thickness and roughness of coatings, but increasing its concentration in turn does not show a significant increase
in these indicators. An increase in hardness from 333 to 368 HV with increasing concentration of graphene oxide was

8 — BECTHUKMITY «CTAHKWH» Ne 4 (67) - 2023 / VESTNIK MSUT «STANKIN» No. 4 (67) + 2023



2.5.5. TEXHONOIMs N OBOPYAOBAHWUE MEXAHWYECKOW 1 ®U3WKO-TEXHUYECKOW OBPABOTKM

observed in this work. X-ray phase analysis of the coatings showed the presence of phases such as rutile, anatase, and
amorphous titanosilicates and aluminosilicates. Raman spectroscopy of the studied samples with different content of
graphene oxide confirmed the presence of graphene oxide in the formed oxide layers.

Keywords: graphene, graphene oxide, titanium, micro-arc oxidation, microstructure, mechanical properties.

For citation: Krikheli N.I., Kramar O.V., Peretyagin N.Yu., Undritsova N.G., Peretyagin P.Yu., Grigoriev S.N. [Study
of properties of coatings formed by micro-arc oxidation on titanium alloy in electrolytes with different graphene
oxide content] // Vestnik MSUT “Stankin”. —2023. —No 4 (67). — P. 29-35. - DOI 10.47617/2072-3172_2023 4 29
(In Russian)
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BIIMSIHUE CKOPOCTW PE3AHUSI HA UBHOCOCTONKOCTb
PEXYLLEO UHCTPYMEHTA C MOKPbITUSMM
ME-MEN-(ME,MO,AL)N (TIE ME - ZR, Tl UJIU CR)

MPU TOYEHUM 3ATOTOBOK U3 HUKENb-XPOMOBOIO CMNABA

AHHOTALUS

B cratbe npejicTaBiieHbI pe3yIbTaThl HCCIICIOBAHHS XapaKTepa B3auMoieicTBIsI TOKpbITHit Me-MeN-(Me,Mo,Al)N
(tme Me — Zr, Ti unu Cr) ¢ KOHTaKTHpYOLIen cpenoi Ha ocHoBe cucteMbl Ni-Cr. MccenoBanus MpOBOIUINCH MTPH
TOYEHHHU HUKEJIb-XPOMOBOTO CIIIaBa C Pa3IMIHBIMH CKOPOCTSIMHU pe3anust. bblia onpeneneHa TBepAOCTb MOKPBITHH,
UCCIIe0BaHa UX HAHOCTPYKTypa U (a3oBblii cocTas. VcciaenoBanust mokasay, YTO IPH MOBBIIIEHHBIX CKOPOCTIX
pe3aHus HAITy Iy 0 H3HOCOCTOMKOCTh OKa3bIBAIOT HHCTPYMEHTHI C TIOKPBITHEM Ha OCHOBE ZrN IIpH TOM, YTO TIPH
MEHBIINX CKOPOCTSX PE3aHUs ATOT MoKa3areib ObuI y4iiie y mokpeiThii Ha ocHoBe TiN u CrN. beuio ycraHoBIIEHO
aKTHBHOE ()OPMUPOBAHKE P BBICOKUX CKOPOCTSAX PE3aHMUs OKCUIOB B OKPLITUH Ha OcHOBE ZrN, MeHee aKTHBHOE
(hopmupoBaHre OKCHI0B B TOKpbITHH Ha 0cHOBE CrN. B mokpeitin Ha ocHoBe TiN opmMupoBaHus OKCHIOB HE ObLIO
obHapyskeHo. MccnenoBacs Takke XapakTep TPEIMHOOOPa30BaHUs B TOKPHITHSX.

KaroueBblie cjioBa: HUTPUAHBIC TIOKPBITUS, TOUCHUC, HHUKEJICBBIN CILIaB, HaHOCJIOMHbBIC CTPYKTYPBbI.

Oo6pazen nutupoBanus: Bepemaka A.A., Coroa E.C., Cene3neB A.E., Oransa ['B., [Tuporos B.B., Makapesua K. M.,
Psa6bues C.A. BnusiHue CKOPOCTH pe3aHUsi HA W3HOCOCTOMKOCTH PEXKYLIETO MHCTPYMEHTA C MOKPBITHIMH
Me-MeN-(Me,Mo, AN (rae Me — Zr, Ti niu Cr) mpu TOYSHHH 3arOTOBOK M3 HUKEIb-XPOMOBOTO cIijiaBa // BecTHHK
MI'TY «Crankun». — 2023. — Ne 4 (67). — C. 36-46. — DOI 10.47617/2072-3172_2023 4 36
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INFLUENCE OF CUTTING SPEED ON WEAR RESISTANCE

OF ACUTTING TOOL WITH ME-MEN-(ME,MO,AL)N COATINGS
(WHERE ME IS ZR, TI OR CR) WHEN TURNING NICKEL-CHROMIUM
ALLOY WORKPIECES

10

Abstract

The article presents the results of studying the nature of the interaction of Me-MeN-(Me,Mo,Al)N coatings (where
Me is Zr, Ti or Cr) with a contact medium based on the Ni-Cr system. The research was carried out during the
turning of a nickel-chromium alloy with different cutting speeds. The hardness of the coatings was determined, their
nanostructure and phase composition were studied. Studies have shown that at higher cutting speeds, the best wear
resistance is shown by ZrN-based tools, while at lower cutting speeds this indicator was better for coatings based on
TiN and CrN. It was found that active formation at high cutting speeds of oxides in the coating based on ZrN, less
active formation of oxides in the coating based on CrN. No formation of oxides was found in the TiN-based coating.
The nature of crack formation in coatings was also studied.
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Keywords: nitride coatings, turning, nickel alloy, nanolayer structures.

For citation: Vereschaka A.A., Sotova E.S., Seleznev A.E., Oganyan G.V., Pirogov V.V., Makarevich K.M.,
Ryabtsev S.A. [Influence of cutting speed on wear resistance of a cutting tool with Me-MeN-(Me,Mo,Al)N coatings
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WCCNEJOBAHUE TPUBONOTMYECKUX U ®YHKLMOHATIbHBIX
CBOWCTB MHOrOCNOWHO-KOMMO3ULIMOHHOI O MOKPLITUSA
CR,MO-(CR,MO)N-(CR,MO,AL)N

AHHOTALUS

Hccenenyrorest cBoicTBa MHOTOCIIOWHO-KOMITO3UIIHOHHOTO TTOKPBITHS Cr,M0-(Cr,M0)N-(Cr,Mo0,Al)N ¢ HaHOCTpYK-
TYPUPOBAHHBIM M3HOCOCTOMKHM cioeM. MccienoBanue TpUOOJOrHIECKUX CBOMCTB IOKA3ai0, YTO aJre3nOHHas
COCTaBJISAIOIIAS KOAPPUIIMCHTA TPEHUS TaHHOTO TIOKPHITHS B auana3one temmeparyp 600—1000 °C Huxe, yem
Y TBEP/IOCILIABHOTO 00pa3iia 0e3 MOKPBITHS M C PSIOM MOKPBITHIT Ha ocHOBe HUTpH OB Ti, Cr, Zr, Nb u Al. bt
MCCIIE0BAaHBI PEXYIINE CBOWCTBA TBEPAOCIIABHOTO HHCTPYMEHTA C PACCMaTPHBACMbIM TIOKPBITHEM TIPH PE3aHUH
Hepskaseromieit cranu AISI 321 Ha pa3nuuHbIX ckopoCTx pe3anus. VcciaenoBan xapakTep pa3pylIeHUs TOKPBITHS
NP pe3aHun. B pesynprare u3ydeHns 3IeMEHTHOTO 1 (a30BOro cocTaBa B 00JIaCTH IPaHUIBI HHCTPYMEHTAILHOTO
Marepuana U MOKPbITUs ObUT BBISBICH OKUCIUTENLHO-IU(GY3HOHHBIN citoi Tonmuoi 20—40 uM. B ganHOM crnoe
(ukcupyercs aktuBHas Audy3us xKenes3a u APyrux KOMIOHEHTOB CTaJIM B MIOKPBITHE, a Takke HUPPy3us Moino-
JIeHAa U3 OKPBITUS B 00padaTeiBaeMblil MaTepHal B COYSTAHHU C OKUCIUTENBHBIMHI ITPOLECCaMH. YCTAaHOBICHO, YTO
TOJIIIIUHA OKUCITUTENLHO-IU(DY3MOHHOTO CJI0s1 TP 00pabOTKE MHCTPYMEHTOM € TIOKpbITHEM B 10—15 pa3 MeHbiire,
YeM Yy HETIOKPBITOTO MHCTPYMeHTA. IIpu TOM, 4TO B MOBEPXHOCTHBIX CIIOSIX MOKPHITUSI (GUKCHPYETCS HEKOTOPOE
COZIePIKaHUE KUCIIOPO/a, akTHBHOTO (hopmupoanus okcunos Al,O,, MoO, u Cr,O, He BbIABJIEHO, B IPUJIETAFOIIHMX
K TIOBEPXHOCTH TIOKPBITHSI CJIOSIX 00pabarhiBaeMoro Marepuaiia 0oOHapykeHo OpPMHUPOBAHHE 3aMETHOTO KOJIHYE-
crea Fe,O,.

KuroueBble ciioBa: ¢pusudeckoe ocaxiaenue u3 naposoit ¢assl (PVD), ko3 duLueHT TpeHus, nepuos CTORKOCTH
HUHCTPYMEHTA, TEPMOCTaOMIBHOCTb, U3HOC MHCTPYMEHTA.

Oo6pazen nutupoBanus: Bepemaka A.A., Corosa E.C., Murpanos M.II1., [Tuporos B.B., Makapesnu K.M.,
Ps6ues C.A. HccnenoBanue TpUOOIOTHUSCKUX U (PYHKIIMOHATIBHBIX CBOMCTB MHOTOCIOHHO-KOMITIO3UIIHOHHOTO
nokpeitust Cr,Mo-(Cr,Mo)N-(Cr,Mo,AI)N // Bectauk MI'TY «Crankun». — 2023. — Ne 4 (67). — C. 47-57. —
DOI 10.47617/2072-3172_2023 4 47
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RESEARCH OF TRIBOLOGICAL AND FUNCTIONAL PROPERTIES
OF MULTILAYER-COMPOSITE COATING CR,MO-(CR,MO)N-(CR,MO,AL)N

12

Abstract

The properties of a multilayer-composite coating Cr,Mo-(Cr,Mo0)N-(Cr,Mo,Al)N with a nanostructured wear-resistant
layer are investigated. The study of tribological properties showed that the adhesive component of the friction
coefficient of this coating in the temperature range of 600—1000 °C is lower than that of an uncoated carbide sample
and with a number of coatings based on Ti, Cr, Zr, Nb, and Al nitrides. The cutting properties of a carbide tool with
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the coating in question were studied when cutting AISI 321 stainless steel at various cutting speeds. The nature of the
destruction of the coating during cutting is investigated. As a result of studying the elemental and phase composition,
an oxidation-diffusion layer 20—40 nm thick was revealed in the region of the interface between the tool material
and the coating. In this layer, active diffusion of iron and other steel components into the coating is recorded, as
well as diffusion of molybdenum from the coating into the material being processed in combination with oxidative
processes. It has been established that the thickness of the oxidation-diffusion layer during processing with a coated
tool is 10—15 times less than that of an uncoated tool. While some oxygen content is fixed in the surface layers of
the coating, no active formation of Al,O,, MoO,, and Cr,0, oxides was detected, and a noticeable amount of Fe,O,
was detected in the layers of the treated material adjacent to the surface of the coating.

Keywords: physical vapor deposition (PVD), coefficient of friction, tool life period, thermal stability, tool wear.

For citation: Vereschaka A.A., Sotova E.S., Migranov M.Sh., Pirogov V.V., Makarevich K.M., Ryabtsev S.A.
[Research of tribological and functional properties of multilayer-composite coating Cr,Mo-(Cr,Mo0)N-(Cr,Mo,Al)N]
// Vestnik MSUT “Stankin”. —2023. — No 4 (67). — P. 47-57. — DOI 10.47617/2072-3172 2023 4 47 (In Russian)
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NOBbLIWEHUE 3®PEKTUBHOCTWN OBPABOTKW TEN BPALLEHUA
no METOAY ®PE3OTOYEHUA B CPABHEHWU C MPOLIECCOM
WIN®OBAHUA

AHHOTAIUS

B nanHOI! cTaThe paccMaTpUBaeTCs Mpoliecc 00padOTKU Tell BpalleHus GPe30TOUeHHEM KaK HOBbIH ePCIIeKTHBHbIH
MeToz 00paboTKH TeN BpalleHHs, B TOM YHCIE U AIMHHOMEPHBIX BaJIOB U3 TPYIHOOOPaOaThIBAEMbIX MATEPHUATIOB.
OnuckIBalOTCS ¥ aHATU3UPYIOTCS METObI 00pabOTKH Tel BpalieHust ppe3oToueHneM 1 i OBaHUEM, OIPEAESIISIOTCS
HEOO0CTAaTKU Hlﬂl/lq)OBaHI/lﬂ npu 06pa60T1<e TECJI BpalllCHUA 1 BO3SMOXKHOCTb YCTPAaHCHUSA JaHHBIX HEAOCTAaTKOB IIpHU
00paboTke Ten BpatieHus ¢ppezoTodeHreM. OMUCHIBAETCS CpaBHEHUE MPO(GUILHOTO MMHGOBaHUS ¢ HPE30TOUECHHUEM,
AQHAIN3UPYIOTCS IPEUMYIIECTBA U HENOCTATKH MpodUIbHOro nutndoBaHus B cpaBHEHUHU ¢ (ppe3oroueHueM. Taxoke
B JIaHHOH CTaTbe NIPUBOIUTCS CPAaBHUTENIBHBIHM aHAIN3 METOA0B 00pabOTKU C UCHOJIB30BAHUEM KOHKPETHOH JeTally,
IPEJCTaBICHHOH BaJIOM CIIOKHOTO IPOoGUIIsl, KOTOPbIH HE0OOX0AUMO 00paboTaTh O KOHTYpY. Bai coctout us aByx
CTyIEHEel pa3IMuHOro JUaMeTpa, YUCTOTA IOBEPXHOCTH KOTOPBIX cocTaBisieT Ral,6 u Ra0,8. OnuceiBatoTces pacuer
PEXUMOB pe3aHust i 00pabOTKU JaHHOTO Bajla MUIM(OBAHUEM U PacueT PEXKUMOB Pe3aHusl UL 00pabOTKU JaHHOTO
BaJla ()PE30TOUCHNUEM, JTaHHBIC pacUeThl CPABHUBAIOTCS U aHAIU3UPYIOTCs. B kadecTBe MmapaMeTpa Juls CpaBHEHUS
METOJI0B 00PabOTKH UCIIONB3YETCs CYMMapHOE TEXHOJIOTHUECKOE BpeMst 00pabOTKHU CTyIIeHEH Bala. AHaIN3 PEKIMOB
pe3aHus U CyMMapHOI0 TEXHOIOIMUECKOTr0 BPEMEHH I0Ka3bIBAET, YTO IIPOM3BOAUTENBHOCTE (hPE30TOUCHMS Bala BBILIE,
4eM NPOU3BOJAUTENLHOCT ero HiIudoBaHus. Takke B JaHHOH cTaThe NpeCTaBICHbl pacyeT BEIUYUHBI HIEPOXOBa-
TOCTH, JIOCTUraeMoil pu o0paboTKe, U pacueT CTOMKOCTH HHCTPYMEHTA B Ipolecce 0TpaboTKU. JlaHHbIE pacuéThl
MIPOBEJICHBI [UIs KAXKI0T0 METO/1a 00pabOTKU. AHAJIM3 pe3yNIbTaTOB PACYETOB IMOKA3BIBACT, UTO MPU 00padoTke Ppe3o-
TOUEHHUEM U IIPH 00paboTKe HIIM(OBAHUEM MOXKHO JOCTUYB OTHON U TOH K& BEJIMUMHBI IEPOXOBATOCTH IOBEPXHOCTH,
OJTHAKO CTOMKOCTh MHCTPYMEHTA IpH 00paboTKe (hpe3oToyeHrueM Oy/eT BhIIE, YeM Ipu 00padoTKe HUTH(OBaHUEM,
YTO [103BOJISIET OBBICUTH NIPOU3BOAUTENILHOCTH U3TOTOBICHNS TEN BpallleHus. B 3aKkiIloueHUN cTaTh OIMCBIBAIOTCS
U QHAJIM3UPYIOTCS BCE PE3Y/bTAThL, IOTyUCHHBIE B XO/I€ CPABHEHUS U aHAJIN3a PACCMOTPEHHBIX METO/I0B 00PaOOTKU.

KuaroueBrble caoBa: ¢ppeszorouenue, nundoBanue, IUCKOBas Gppesa, MUIMPOBAIBHBIN KPYT, BEICOTa MUKPOHEPOB-
HOCTEH, CTOWKOCTh HHCTPYMEHTA.
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INCREASING THE EFFICIENCY OF PROCESSING BODIES
OF ROTATION USING THE TURN-MILLING METHOD IN COMPARISON
WITH THE GRINDING PROCESS

14

Abstract

In this article, the process of processing bodies of rotation by turn-milling is considered as a new promising method
of processing bodies of rotation, including long shafts made of hard-to-process materials. The methods of processing
bodies of rotation by turn-milling and grinding are described and analyzed, the disadvantages of grinding when
processing bodies of rotation and the possibility of eliminating these disadvantages when processing bodies of rotation
by turn-milling are determined. The comparison of profile grinding with turn-milling is described, the advantages and
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disadvantages of profile grinding in comparison with turn-milling are analyzed. Also, this article provides a compara-
tive analysis of processing methods using a specific part represented by a shaft of a complex profile that needs to
be processed along the contour. The shaft consists of two stages of different diameters, the surface purity of which
is Ral,6 and Ra0,8. The calculation of cutting modes for processing this shaft by grinding and the calculation of
cutting modes for processing this shaft by turn-milling are described, these calculations are compared and analyzed.
The total processing time of the shaft stages is used as a parameter for comparing processing methods. Analysis of
cutting modes and total technological time shows that the turn-milling of the shaft affects less time than grinding.
Also, this article presents the calculation of the amount of roughness achieved during processing, and the calcula-
tion of the durability of the tool in the process of working out. These calculations are carried out for each processing
method. Analysis of the calculation results shows that during turn-milling and grinding processing, the same amount
of surface roughness can be achieved, however, tool durability during turn-milling processing will be higher than
during grinding, which allows to increase the productivity of manufacturing bodies of rotation. In conclusion, the
article describes and analyzes all the results obtained during the comparison and analysis of the methods considered.

Keywords: turn-milling, grinding, disk-milling cutter, grinding wheel, the height of the micronutrients, tool life.

For citation: Grechishnikov V.A., Isaev A.V., Prikhodko A.S. [Increasing the efficiency of processing bodies of rota-
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BIVUAHUE PEXXUMOB CENEKTUBHOTIO NIASEPHOTI'O NNABIEHUA
HA ®U3UKO-MEXAHUYECKUE CBOUCTBA KOPPO3MOHHOCTOMKUX
CTANEWA AYCTEHUTHOIO U MAPTEHCUTHOIO KNACCOB

AHHOTALHS

IIpuBenensl pe3yabraTbl HCCIEI0BaHUI IIOPOLIKOB OTEYECTBEHHOTO IIPOU3BOANTENS U3 KOPPO3HOHHOCTOMKHUX CTalIEH
ayCTEHUTHOI'O ¥ MAPTEHCUTHOI'O KJIACCOB, UCIOJb3YyEMbIX B Pa0OTE ISl CEIEKTUBHOTO Jla3epHoro Iasienus (CJIIT).
ITpoBenena onTUMU3aLUs KOHTPOIUPYEMbIX HapaMeTpoB MeTonoB CJIII ¢ moMolbio apaMeTpUUECKOro aHalIu3a.
VYeranosneHo BiustHEe pesxkuMoB CJITT n mocnemyromeit TepMooOpaboTKH Ha (PU3HKO-MEXaHHUECKHE CBOMCTBA CTaleHl.
ITokazaHo, 4To 0Opa3LbI U3 CTAIM MAPTEHCUTHOIO KIacca 001aatoT 6oiiee BbICOKOH TBEPAOCThIO U IPOYHOCTHIO, HO
MeHbIIIel IaCTUYHOCTBIO 110 CPABHEHUIO ¢ 00pa3LiaMu, H3TOTOBIEHHBIMY 110 TPaJUIOHHON TeXHOIOruU. Pe3ynabrarst
CPaBHUTEIbHBIX UCIBITAHUI Ha 3IEKTPOXUMHUYECKYI0 KOPPO3UIO TAKXKe I10Ka3aIU 00JIee BBICOKYIO KOPPO3HOHHYIO
croiikocth nocne CJIII. M3H0coCTOMKOCTh Y 00pa3LoB U3 cTajgeil MapTeHCUTHOrO Kiacca, nonydeHusix CJIIT Oe3
HOCIIETYOMIeH TepPMIYECKOH 00pabOTKH BEIIIE, YeM Y 00pa3IoB, HOIYUCHHBIX TPAIUIHOHHBIM cIIocoboM. B pabore
TaKKe [I0KA3aHO BIUSHUE HOCIEAYoLeld TepMooOpadOTKY Ha CBOUCTBA CTalel B 3aBUCUMOCTHU OT HAIllPaBJICHUS
BBIpAIMBaHUS 00PA3IOB.

KuroueBble ciioBa: aIJuTHBHOE POM3BOJICTBO, CEIEKTHBHOE JIa3epHOE TUIABICHNE, KOPPOSNOHHOCTOHKHE CTAIH
(20X13, 40X13, 12X18HIT), MeTaruinueckue MOpOIIKH, ITOCIEAYIOIas TepMuiIeckas 00padoTKa, TpaHyI0METPH-
YECKHUH aHaIu3.

O6pazen nutupoBanus: Gunarosa A.A., Tapacosa T.B. Biusinue pe:xuMoB CENEKTUBHOTO JIA3€PHOTO IJIABICHHUS
Ha (PU3MKO-MEXaHUYECKUE CBOMCTBA KOPPOSMOHHOCTOMKHMX CTajiell ayCTEHUTHOTO U MAPTEHCUTHOTO KJIACCOB //
Bectauk MI'TY «Crankuny. —2023. — Ne 4 (67). — C. 65-79. — DOI 10.47617/2072-3172_2023 4 65

A.A. Filatova, T.V. Tarasova
MSUT “STANKIN”

THE INFLUENCE OF SELECTIVE LASER MELTING ON THE PHYSICAL
AND MECHANICAL PROPERTIES OF CORROSION-RESISTING STEELS
OF THE AUSTENITIC AND MARTENSITIC CLASSES

Abstract

The results of studies of powders produced by domestic manufacturer from corrosion-resistant steels of the austenitic
and martensitic classes, used for selective laser melting (SLM), are presented. Optimization of controlled param-
eters in SLM methods was carried out using parametric analysis. The influence of SLM modes and subsequent heat
treatment on the physical and mechanical properties of steels has been established. It has been shown that samples
made of martensitic steel have higher hardness and strength, but lower ductility compared to samples made using
traditional technology. The results of comparative tests for electrochemical corrosion also showed higher corrosion
resistance after SLM. The wear resistance of samples made of martensitic steels obtained by SLM without subsequent
heat treatment is higher than that of samples obtained by the traditional method. The work also shows the influence
of subsequent heat treatment on the properties of steels depending on the direction in which the samples are grown.

Keywords: additive manufacturing, selective laser melting, corrosion-resistant steels (20Kh13, 40Kh13,12Kh18N9T),
metal powders, thermal post-processing, particle size analysis.

For citation: Filatova A.A., Tarasova T.V. [The influence of selective laser melting on the physical and mechanical
properties of corrosion—resisting steels of the austenitic and martensitic classes] / Vestnik MSUT ““Stankin”. —2023. —
No 4 (67). — P. 65-79. — DOI 10.47617/2072-3172_2023 4 65 (In Russian)
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2.5.6. TEXHONOrA MALIMHOCTPOEHNA

Hayunas cmamos
DOI 10.47617/2072-3172_2023 4 80 YIK 621.757

M.B. Bapmanoes, E.A. Kozan, Hzyen Ban Jluno

OI'AOY BO «MOCKOBCKH MOMUTEXHIYESCKUN YHHBEPCUTET

AHANN3 YCNOBUN 3AKINTMHUBAHUA HEXECTKUX
UMNUHOAPUYECKUX OETANEN NPU POBOTU3UPOBAHHOW CEOPKE
HA OCHOBE NPUMEHEHUA CUNTOMOMEHTHOIO AATYUKA

AHHOTAIUS

ITpu pa3zpaboTke TEXHOIOTUN POOOTHU3UPOBAHHON COOPKHM HEOOXOOUMO ONpEAEICHUE YCIOBUHM 3aKINHUBAHUS
HEXECTKUX AeTajeil. Pa3paboTaHbl MaTeMaTHYECKUE MOICIIH STAIIOB COMPSHKEHNUS IIPH POOOTH3UPOBAHHON COOpKe,
HCO6XO[[I/IM])IC JUTA l/lIleHTI/lq)I/lKaIJ,I/II/I CHUI'HAJIOB C CHJIOMOMECHTHOI'O JaT4YHKa. HOHy‘{eHHbIC AHAJIMTUYCCKUEC PCIICHUS
TMO3BOJIAKOT ONMPEACINTL YCJIOBHA BOSHUKHOBCHUS 3aKJIIMHUBAHUSA YIIPYTOro Baja Npu ABYXTOUCUHOM KOHTAKTC
B IIPOLIECCE CONPSDKEHMS Basla C KECTKOIT BTYIIKOH. PacyeTHbIC 1 SKCIIEPUMCHTAIBHBIC 3HAYCHUSI MOMCHTA OTpeIe-
JISIOT YCIIOBHS 3aKIIMHUBAHHS U O3BOJISIFOT KOPPEKTHPOBATH MPOrPAMMHYIO TPACKTOPHIO BBIXOHOTO 3BEHA pobOTa
B IIPOLIECCE COPSDKEHHUSI.

KuroueBbie cjioBa: poOOTH3MPOBaHHAs COOpPKa, CHIIOMOMEHTHBIN JTaTYHK, YCIOBUS 3aKIMHUBAHUS, HEKECTKHE
JIeTau.

Oopazen uutupoBanus: Bapranos M.B., Koran E.A., Hryen Ban JIlunb. Ananu3 ycnoBuii 3akJTIMHUBAHHS HEKECTKAX
LMWINHAPUYECKUX JIeTallel Py pOOOTH3MPOBAHHON COOpPKE Ha OCHOBE NMPUMEHEHHSI CHIIOMOMEHTHOTO JaT4nKa //
Bectauk MI'TY «Crankuny». —2023. — Ne 4 (67). — C. 80-92. — DOI 10.47617/2072-3172_2023 4 80

M.V, Vartanov, E.A. Kogan, Nguyen Van Linh

Moscow Polytechnic University

ANALYSIS OF THE JAMMING CONDITIONS OF NON-RIGID CYLINDRICAL
PARTS DURING ROBOTIC ASSEMBLY BASED ON THE USE
OF A FORCE-TORQUE SENSOR

Abstract

To develop the technology of robotic assembly, it is necessary to conduct a study of the jamming conditions of non-rigid
parts. Mathematical models of coupling stages during robotic assembly have been developed, which are necessary
for identification of signals from a force-torque sensor. The obtained analytical solutions allow us to determine the
conditions for the occurrence of jamming of the non-rigid shaft during two-point contact during the coupling of the
shaft with the bushing. The calculated and experimental torque values determine the jamming conditions and make
it possible to correct the programmed trajectory of the robot’s output link during the mating process.

Keywords: robotic assembly, force-torque sensor, jamming conditions, non-rigid parts.

For citation: Vartanov M.V., Kogan E.A., Nguyen Van Linh. [Analysis of the jamming conditions of non-rigid
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2.5.6. TEXHONOIrNA MAWMHOCTPOEHMA

Hayunas cmamos
DOI 10.47617/2072-3172_2023 4 93 YK 621.833.2(31)

B.H. Cuizpanyes, A.H. Cmapukos

®I'BOY BO «TroMeHCKHIT HHAYCTPUATBHBIN YHUBEPCUTETY

NOBbIWEHUE HAOEXHOCTHU PABOTbl APOYHbIX UUWITUHOAPUYECKUX
NEPEAAY HA OCHOBE ONMPEAENEHNA TPAHUYHBIX BEJTMYUH
CMELWEHWA, OBECNEYUBAKOLWNX KACAHUE KOJIEC

AHHOTAIIMSA

IIpeacraBieHa reOMETPHS AKTUBHBIX MOBEPXHOCTEH apOYHBIX 3yObeB IUIMHAPHUYCCKUX KoJieC, popMooOpa3oBaHue
KOTOPBIX OCYILECTBIISCTCS CIEIHATN3UPOBAHHBIM PEXKYIHM HHCTPYMEHTOM (KPYTOBO# pE3II0BO#i rOJIOBKOM ) METOZIOM
o0kara ¢ mpepbIBUCTHIM jelicHueM. Onucana nporeaypa 00pa3oBaHus JIByX Pa3HECCHHBIX MO JUTHHE apOYHbIX
3yObeB, 30H KOHTAKTa B HUJIMHAPUUCCKOM Tepeiaue MyTeM OCEBOTr0 CMEIICHHUs MoyKoyiec. PaccMOTpeHbI 3a1a4n
pacuera: KOOPJMHAT TOUCK JIBYX AKTHBHBIX JICHCTBYIOIMX JIMHUH B 3aICTJICHUH apOYHBIX 3yOheB MPU HATUYNH yIiia
MepeKoca, pa3MepOB U PACIIOIOKEHHS HA COMPSKEHHBIX MMOBEPXHOCTAX 3yObEB B ATUX TOYKAX MTHOBEHHBIX IMATCH
KOHTaKTa, CyMMAapHO# 30HbI KacaHusi. Pe3ynbTarhl PEIIeHUs STHX 3a/1a4 TI03BOJISIOT OMPEIEINTh IPAHHYHBIC BEJIH-
YUHBI CMEIICHUSI TOJTYKOJIeC, 00ECIeUNBAIOIINE KaCAHUE KOJIEC B JIBYX 30HAX KOHTAKTA IIPH HAJTMYHH YIJIa [IepeKoca.

KiroueBble ci10Ba: [IIMHIPHYCCKAs TIepeada, apodHble 3y0bsi, BE 30HbI KOHTAKTA.

Oopasen nurupoBanus: Cospannes B.H., CrapukoB A.U. TToBbIlIeHHE HATEGKHOCTH PaOOTHI apOYHBIX IIUIUH-
JIPUYECKUX Mepead Ha OCHOBE OIPE/ICIICHUsI TPAHUYHBIX BEJIMYMH CMEIICHUsI, 00eCIIeUNBAIONINX KacaHue Kojec //
Bectauk MI'TY «Crankuny. —2023. —Ne 4 (67). — C. 93—-102. — DOI 10.47617/2072-3172_2023 4 93

V.N. Syzrantsev, A.l. Starikov

Tyumen Industrial University

IMPROVING THE RELIABILITY OF THE OPERATION

OF ARCHED CYLINDRICAL GEARS BASED ON THE DETERMINATION
OF THE BOUNDARY VALUES OF DISPLACEMENT THAT ENSURE
THE WHEELS TOUCH

18

Abstract

The geometry of the active surfaces of the arched teeth of cylindrical wheels is presented, the shaping of which is
carried out by a specialized cutting tool (circular cutter head) by the method of rolling with intermittent division.
The procedure for the formation of two arched teeth spaced along the length of the contact zones in a cylindrical
transmission by axial displacement of the half-wheels is described. The problems of calculation are considered: the
coordinates of the points of two active lines in the engagement of arched teeth in the presence of a skew angle, the
sizes and location on the conjugate surfaces of the teeth at these points of instantaneous contact spots, the total contact
zone. The results of solving these problems allow us to determine the boundary values of the displacement of the
half-wheels, which ensure that the wheels touch in two contact zones in the presence of a skew angle.

Keywords: spur gear, arched teeth, two contact zones.

For citation: Syzrantsev V.N., Starikov A.L. [Improving the reliability of the operation of arched cylindrical gears
based on the determination of the boundary values of displacement that ensure the wheels touch] // Vestnik MSUT
“Stankin”. —2023. —No 4 (67). — P. 93-102. — DOI 10.47617/2072-3172_2023 4 93 (In Russian)
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2.3.3. ABTOMATU3ALIMA N YNPABNEHWE TEXHONOMMYECKMIA
MPOLIECCAMM 1 MPOM3BOACTBAMU

Hayunas cmamos
DOI 10.47617/2072-3172_2023 4 103 YIK 62-50:004.057.8

C.B. Eécmadgpuesa, P.JI. Ilyuikos
OI'BOY BO «MI'TY « CTAHKHWH»

PA3PABOTKA MHCTPYMEHTAPUA KPOCCNNIAT®OOPMEHHOW CEOPKHU
AOPA CACTEMbI YNPABINEHNA MEXATPOHHbIMU CACTEMAMMW

AHHOTALMS

Paccmotpena apxurekTypa pactpenesieHHOH MaMsITh-IICHTPUYECKOH CHCTEMBI YIIPaBJICHHs Ha 0a3e KOMMYHHUKAIIU-
OHHOM Cpejibl, OTJEIbHBIC 3a/1a41 CUCTEMbI YIIPaBJICHUS BIIIOJIHSAIOTCS Ha Pa3HbIX MPOIECCOPaX — B 3aBUCHMOCTH OT
TpeOyeMBIX BBIYHUCIUTEIBHBIX pecypcoB. HeoOXOMUMOCTh 00eCIIeueH s COOTBETCTBYIOIIETO YPOBHS JIOBEPEHHOCTH
cUCcTeMbl TpeOyeT MPUMEHEHHUS MPOLIECCOPOB OTEUECTBEHHOTO MTPOM3BOJICTBA, KOTOPBIC HE BCET/Ia 00NaIaoT 10CTa-
TOYHBIMHU JJIsI CUCTCMbI yl'lpaBJ'IeHI/Iﬂ l'IpOI/I?)BO)II/ITCJ'[bHOCTb}O U KOJIMYECTBOM ITIOTOKOB. BI:IHBJ'ICHLI l'lpO6J'[CMbI C60pKI/I
[POrpaMMHOT0 00ECIICYEHUS B CIIy4ae MPUMEHEHHUS TPOTrPaMMHO-aIapaTHbIX KOMIUIEKCOB PA3IMYHBIX apXUTEKTYP:
HEOOXOAMMO MPUMEHSITH HAOOP MPOrPAMMHO-AIINAPATHBIX CHCTEM, MOJIHOCTHIO aHAJIOTHYHBIN TEM, Ha KOTOPBIX CHCTEMbI
yIpaBJIeHusI OyIyT UCTIOMHSTHCS, YTO B OOIIEM CITydae IMPUBOAUT K OCCKOHEUHOMY HabOpy BapuaHTOB. PaccMOTpeHbI
MPOLIECChl COOPKU MPOrPAMMHOTO 00ECIICYCHUsSI C MCIIOJIb30BAaHHEM BUPTYaJIbHBIX MAIIMH, KOHTEHHEPOB U UHCTPY-
MEHTOB JIJIsl KpoccIuiar(hOpMEHHOW COOPKH, BBISIBJICHBI JOCTOMHCTBA M HEOCTATKU KayKA0ro u3 crioco6os. [pemio-
JKeHa CTPYKTYpa CUCTEMbl aBTOMAaTHYECKOH COOPKHU IMPOrpaMMHOI0O 00eCcIiedeH sl CUCTeMBbI yrpaBieHus. Pazpaboran
KpoccriatGopMeHHbBIH HHCTPYMEHTAPHA [Tl COOPKH MaMSITh-IIEHTPUYESCKON CHCTEMBI YIIPaBICHHUS, paboTarolei Ha
6a3e pasHbIX mporeccopoB. Mcmosp30Banne KpoccmiaTpOpMEHHOT0 HHCTPYMEHTApHs s COOPKH paciipe/ie/ieHHON
MaMsATh-IIEHTPHYECKON CUCTEMBI YIIpaBJieHHs, paboTaromiel Ha 6a3e mpoLeccopoB C pa3HbIMU APXUTEKTypaMHu, (hopMa-
JIM3YET, YIPOILAET U YCKOPSIET MPOLecc COOPKU CUCTEMbI YIIPABICHUS. MEXaTPOHHBIM 000pPY/IOBAaHHUEM.

Ku1oueBble cj10Ba: 1oBepeHHast CUCTEMa yIIpaBieHus, kpocckommuianust, YITY, mporpamMHoe obecrieueHue.

Oo6pasen uurupoBanusi: Escrapuena C.B., [Tymkos P.JI. PazpaboTka nHCTpyMEHTapHs KPOCCILIATOPMEHHOM
cOOpKH si7Ipa CUCTEMBbI YIIpaBlIieHHs: MeXxaTpoHHbIMU crcteMamu // Bectauk MI'TY «Crankuny». —2023. — Ne 4 (67). —
C. 103-111. - DOI 10.47617/2072-3172_2023 4 103

S.V. Evstafieva, R.L. Pushkov
MSUT “STANKIN”

DEVELOPING TOOLS FOR MECHATRONIC SYSTEMS CONTROL SYSTEM
KERNEL CROSS-PLATFORM BUILDING

Abstract

The architecture of a distributed memory-centric control system based on a communication environment is considered,;
individual tasks of the control system are performed on different processors, depending on the required computing
resources. The need to ensure an appropriate level of system trust requires the use of domestically produced proces-
sors, which do not always have sufficient performance and number of threads to manage the system. Problems of
software assembly have been identified in the case of using hardware and software systems of various architectures:
it is necessary to use a set of software and hardware systems completely similar to those on which the control systems
will be executed, which in the general case leads to an endless set of options. The processes of software assembly
using virtual machines, containers and tools for cross-platform assembly are considered, the advantages and disad-
vantages of each method are identified. The structure of the system for automatic assembly of control system software
is proposed. A cross-platform toolkit has been developed for assembling a memory-centric control system running
on different processors. The use of cross-platform tools for assembling a distributed memory-centric control system
running on processors with different architectures formalizes, simplifies and speeds up the process of assembling
a control system for mechatronic equipment.

Keywords: trusted control system, crosscompilation, CNC, application software.
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2.3.3. ABTOMATU3ALNA N YNPABNEHWE TEXHONOTMYECKMMM NMPOLIECCAMW 1 MPOU3BOACTBAMM

Hayunaa cmamus
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H.C. Yuxynos, FO.Al. Enenega
OI'BOY BO «MI'TY «CTAHKMH»

PA3PABOTKA MOAENN CACTEMbI NOAAEPXKW NPUHATUA
BPAYEBHbIX PELUEHWN

AHHOTAIUS

PaccmarpuBaeTcst HEOOXOMMMOCTB BHENPEHUS K YPPEKT OT IPUMEHEHHST MEIUIIMHCKUX HHOOPMAIIMOHHBIX CHCTEM
ULt 00paOOTKM U XpaHEHHs Pa3HOPOIHBIX TaHHBIX. OMHIChIBAeTCs 00IIAst CTPYKTYPa CHCTEMBI ITOIeP>KKU TIPHHSTHS
pelIeHuii 1 0COOCHHOCTH €€ UCTIONB30BaHUs B MEIHIMHE. [IpoaHan3upOBaHbl CyIIECTBYIOIINE CTPYKTYPBI CHCTEM
MOJICPKKH MPUHATHS PEIICHUH, O3BOJIUBIINE CHOPMYTUPOBATH TpeOOBaHHS K pa3padaThiBaeMON CHUCTEMe
MO/TICPKKU IPUHATHS BpaueOHBIX PEIICHUH, B COOTBETCTBUH C KOTOPBIMHU MPEIUIOKEeHA KOHLETITyalbHas MOAEIb
U CTPYKTypa cucTeMbl. B pesynsrare paspaborana MOl CHCTEMBI OMACPIKKH MIPUHSATHS BpadeOHBIX PEICHUH,
COCTOSIIAs M3 TOICHCTEM MOHUTOPHHTA, 00pabOTKM W 000TaIeHNsI TaHHBIX, OPKECTPAUU M MOIYJIS IpeIBapH-
TEJBbHOW 00pabOTKH TEKCTA.

KuioueBble cj10Ba: MeAUIMHCKUE HHOPMALIMOHHbIE CUCTEMBI, CUCTEMA MOAAEPKKY IIPUHATHS BpadeOHbIX peLlIeHUH,
JIMarHOCTUYECKAsk MOJEIIb, HHTEIUICKTyalbHbIE MOZIENIN, 00paboTKa JaHHbIX.

Oo6pazen nuutupoBanusi: Yukynos H.C., Enenesa FO.Sl. PazpaGorka Mojenu cUCTeMbl MOIJACPKKU IPUHATHS
BpaueOHbIX pemenuii // Becthuk MI'TY «Crankumy». —2023. — Ne 4 (67). — C. 112-120.—-DOI 10.47617/2072-3172_
2023 4 112

N.S. Chikunov, Yu.Ya. Eleneva
MSUT “STANKIN”

DEVELOPMENT OF A MODEL OF A MEDICAL DECISION SUPPORT
SYSTEM

20

Abstract

The need for implementation and the effect of using medical information systems for processing and storing heteroge-
neous data are considered. The general structure of the decision support system and the features of its use in medicine
are described. The existing structures of decision support systems were analyzed, which made it possible to formulate
the requirements for the developed medical decision support system, in accordance with which a conceptual model
and structure of the system was proposed. As a result, a model of a medical decision support system was developed,
consisting of subsystems for monitoring, processing and enrichment of data, orchestration and a text pre-processing
module.

Keywords: medical information systems, medical decision support system, diagnostic model, intelligent models,
data processing.
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