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2.5.4. POBOTbI, MEXATPOHWKA 1 POBOTOTEXHUYECKNE CUCTEMBI

Hayunasa cmamos
DOI 10.47617/2072-3172_2023 2 8 YIK 681.5

/.C. Ilonos, A.B. J/lonoma

LleHTpaibHBINA HAyYHO-HCCIIENOBATEIBCKUI U OTIBITHO-KOHCTPYKTOPCKUH MHCTUTYT POOOTOTEXHUKU U TEXHUYECKOH
kubepueruku (LIHUU PTK)

AQKCNEPUMEHTANbHAA MNPOBEPKA CNNOCOBA KOMMEHCALIUA
BINUAHUA BPEMEHHbIX 3AAEPXEK B KAHANAX MEPEOAYU
WH®OPMALIUN HA 3PPEKTUBHOCTb AUCTAHLUMOHHOIO
YNPABJIEHUA HASEMHbIMA MOBUJIbHBIMUA POBOTAMMW

AHHOTAIUS

PaboTa nocasieHa SKCIepIMEHTATEHON POBEPKE CIT0Cc00a YaCTHIHOH KOMIIEHCAIINH HETaTHBHOTO BIMSHUS 33/IePIKEK
B HH(OPMALMOHHBIX KaHaIaX Ha JUCTAaHIHOHHOE YIpaBieHHe MOOMIBHEIM poO6oToM. Criocod OCHOBAH Ha MPOTHO-
3MPOBaHHU JIOKAJIBHOH IETH JBIKEHHS, PEAIHOTO MOJI0KEHHS poO0Ta B MOMEHT (DOPMHUPOBAHHUS KOMAHT M MOJICTIH
omeparopa. [IpeacTaBieHHbIE pe3yIbTaThl SKCIIEPUMEHTOB, IIPOBEASHHBIX C MPUMEHEHNEM MaKeTa MOOHIBHOTO
poboTa ¥ KOMIBIOTEPHOM MOAEIH, TOATBEPKAAIOT 3 (HEKTHBHOCTD MPEATIOKEHHOTO criocoda. Takke MoTyueHHbIe
JTAHHBIE TIO3BOJISIIOT CHIENIaTh BBIBOA O KOPPEKTHOCTH HCTIONB30BAaHHON MOZIENTH M BOSMOKHOCTH €€ MTPUMEHEHUS ISt
MCCIIEI0BAHMS CHCTEM ITUCTAaHIMOHHOTO YIIPABICHHS.

KiioueBble cj1oBa: MOOWIBHBIH poOOT, TeneynpaBieHuEe, BpEMEHHbIE 3a1ePXKKH, KOMIBIOTEPHAs MOJEIb,
HKCIIEPUMEHTAIBbHBIC UCCIIEIOBAHUSL.

Oopazen untuposanusi: [Tonos /[.C., Jlonora A.B. DxcniepumenTanpHas mpoBepka croco0a KOMIIEHCAIH BIUSHHS
BPEMEHHBIX 33JIepKeK B KaHaJax mepeaadr nHpopManuy Ha 9pPEeKTHBHOCTD AUCTAHIIMOHHOTO YIIPABICHUS Ha3eM-
HBIMH MOOMITBEHBIME poboTamu // Bectank MI'TY «Crankuny. —2023. — Ne 2 (65). — C. 8-15.—-DOI 10.47617/2072-
3172 2023 2 8

D.S. Popov, A.V. Lopota
Russian State Scientific Center for Robotics and Technical Cybernetics (RTC)

EXPERIMENTAL VERIFICATION OF A METHOD OF COMPENSATION
OF THE EFFECT OF TIME DELAYS IN INFORMATION TRANSMISSION
CHANNELS ON THE EFFICIENCY OF REMOTE CONTROL OF GROUND
MOBILE ROBOTS

Abstract

The paper is devoted to experimental verification of a method of partial compensation of the negative impact of
delays in information channels on the remote control of a mobile robot. The method is based on predicting the local
goal of movement, the real position of the robot at the time of command formation, and the model of an operator.
The presented results of experiments carried out using a mock-up of a mobile robot and a computer model confirm
the effectiveness of the proposed method. Also, the obtained data allow to conclude that the model is correct and that
it can be used to study remote control systems.

Keywords: mobile robot, teleoperation, time delay, computer model, experimental research.

For citation: Popov D.S., Lopota A.V. [Experimental verification of a method of compensation of the effect of time
delays in information transmission channels on the efficiency of remote control of ground mobile robots] // Vestnik
SUT “Stankin”, 2023, No 2 (65), pp. 8-15. DOI 10.47617/2072-3172_2023_2 8. (In Russian)
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2.5.4. POBOTbIl, MEXATPOHWNKA N POBOTOTEXHUYECKUE CUCTEMbI

Hayunaa cmamus
DOI 10.47617/2072-3172 2023 2 16 VIK 681.5+007.51

O.B. Becenoé', T.C. Xycceun’

L ®I'BOY BO «Bnamnmupckuii rocynapersennbiit yausepeutet uM. AL u H.I. CtoneToBsx»
2 ®I'BOY BO «JIoHCKO# rocyqapCTBEHHBINA TEXHUUECKUH YHUBEPCUTET

MEXATPOHHbIX MOAYNb YNPABNEHUA 3K30CKENETOM
FONIEHOCTOMNHOIO CYCTABA

AHHOTaLMS

B nanHOl cTaThe pacCMaTpUBAETCSl MEXAaTPOHHASI CHCTEMA YIPABIIEHUS 3K30CKEJIETOM T'OJIEHOCTOITHOIO CyCTaBa.
OCHOBHBIM UCIIOJTHUTEIBHBIM MEXaHU3MOM CHUCTEMBI SIBIISIOTCS PY>KUHBI, SHEPT U CIKATUS U PACTSHKEHUS KOTOPBIX
HCIOJIb3YETCSI TS CO3JaHMsI TOMOJIHUTENIBHON CHJIBI ITPY BBITIOTTHEHUY ABKEHU. [lepeMenienne npyxuH ocyIecTt-
BIISIETCSI C UCIIOJIB30BAaHUEM NI€PENAYM BUHT-TaliKa U BEHTUJIILHOIO JABUIATENsl, CKOPOCTh KOTOPOIO PETYIUPYETCS
MIPUBOAOM, COAEPHKAIIUM B CBOEM COCTABE PETYIATOP CKOPOCTHU. [{J1sl KOHTPOJIS ABUKEHUS UCIIONIB3YIOTCS TP TUIIA
JIaTYMKOB. AJITOPUTM YIIPABJICHUS IOCTPOEH Ha OCHOBE HEYETKOIO KOHTPOJUIEPA, PEaIn30BaHHOTO MUKPOIIPOLEC-
copoM. MozenupoBaHue paboThl CUCTEMBI ITOKa3asio 3()(eKTUBHOCTD ()YHKIIMOHUPOBAHUS 1 BOBMOXXKHOCTD pPeajIi-
3aI1H SK30CKEJIEeTa IPOCTHIMU CPEICTBAMHU.

KuroueBble ciioBa: OK30CKCJIET, JaTYUK, MECXaTpOHHasA CUCTCMa, HEUCTKas JIOTUKa.

Oopazen nutupoBanusi: Becenos O.B., Xycceiin T.C. MexaTpoHHBIN MOYJb YIPaBJICHUS SK30CKEIETOM ToJIe-
HocromHoro cycrasa // Bectauk MI'TY «Craukumy». — 2023. — Ne 2 (65). — C. 16-22. — DOI 10.47617/2072-
3172 2023 2 16

0.V, Veselov', T.S. Hussein’

' FSBEI “Vladimir State University named after Alexey Georgievich and Nikolay Georgievich Stoletov’s”
2 FSBEI “Donskoy State Technical University”

MECHATRONIC CONTROL MODULE OF THE EXOSKELETON ANKLE

Abstract

This article deals with a mechatronic control system for an ankle joint exoskeleton (orthosis). The main actuating
mechanism of the system is the springs, the compression and extension energy of which is used to generate additional
force when performing movements. The springs are moved using a screw-nut transmission and a valve motor, the
speed of which is controlled by an actuator containing a speed regulator. Three types of sensors are used to control the
movement. The control algorithm is based on a fuzzy controller implemented by a microprocessor. Simulations of the
system’s work showed the efficiency of functioning and the possibility to realize the exoskeleton by simple means.

Keywords: exoskeleton, sensor, mechatronic system, fuzzy logic.

For citation: Veselov O.V., Hussein T.S. [Mechatronic control module of the exoskeleton ankle] // Vestnik MSUT
“Stankin”, 2023, No 2 (65), pp. 16-22. DOI 10.47617/2072-3172_2023 2 16. (In Russian)
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/1. B. Bunozpaooe
MI'TY um. H.O. baymana

WCCNEOOBAHMUE CUN PE3AHUA NMPU KPUBONTMHEMHOM CEYEHUU
CPE3AEMOIO cnos

AHHOTAIMS

BeinonHeHo MoaenupoBaHue pe3anus Gpe3oil ¢ BOIHUCTOH pexylield KpOMKOW pe3LioM ¢ OONBLIMM PalyCcoM MpU
BepimHe. [loka3aHo, YTO pacdeT KacaTeIbHOM CHIIBI PE3aHus Uyepe3 YIACNbHYIO CHIIy Pe3aHusl BO3MOXKHO NpUMe-
HSATBH HE TOJIBKO MPH MPSIMOJIMHENHBIX, HO U IPY KPUBOJIMHEMHBIX CEYEHUAX CPe3aeMoro ciios. Brimonnena onenka
TOYHOCTH PACUYETOB CHUJI PE3aHUs pa3IMUHbIMU MeToAaMHU. [loka3aHo, 4YTO TOYHOCTH pacdyeTa CUJIbI AJIsl KPUBOJIU-
HEIHOTO CEYEeHHUs1 CPE3aeMOT0 CJIOS 3aBUCHT OT €r0 (POPMBI M TONIIMHEI. BBISABICHBI (JOPMBI CEUEHUH, 1151 KOTOPBIX
MOTPEIIHOCTD pacueTa CHIIbI pe3aHus OyleT MeHbIIIE.

KuaioueBble clioBa: cedeHUE cpe3aeMoro CIosl, CHJIa pe3aHusl, yAelbHas CHla pe3aHusl, YepHoBas (pesa, ceppeii-
TopHas (pe3a, Gppe3a ¢ BOIHHUCTON PExyIeH KPOMKOH.

Oo6pazen nutupoBanus: Bunorpanos /[.B. VccrnenoBanue cuit pe3anus Ipyu KpUBOJINHEHHOM CEUEHUH CPEe3aeMOoro
ciost // Bectauk MI'TY «Crankuny. —2023. — Ne 2 (65). — C. 23-31. - DOI 10.47617/2072-3172_2023 2 23

D.V. Vinogradov

Bauman Moscow State Technical University

INVESTIGATION OF CUTTING FORCES AT A CURVED SECTION
OF THE CUT LAYER

Abstract

Modeling of cutting with a milling cutter with a wavy cutting edge with a cutter with a large radius at the top is
performed. It is shown that the calculation of the tangential cutting force through the specific cutting force can be
applied not only for rectilinear, but also for curved sections of the cut layer. The accuracy of calculations of cutting
forces by various methods is estimated. It is shown that the accuracy of calculating the force for the curved section of
the cut layer depends on its shape and thickness. The forms of sections for which the error of calculating the cutting
force will be less are revealed.

Keywords: cross section of the cut layer, cutting force, specific cutting force, rough milling cutter, silver milling
cutter, milling cutter with a wavy cutting edge.

For citation: Vinogradov D.V. [Investigation of cutting forces at a curved section of the cut layer] // Vestnik MSUT
“Stankin”, 2023, No 2 (65), pp. 23-31.DOI 10.47617/2072-3172_2023 2 23. (In Russian)
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2.5.5. TEXHONOIMsi N OBOPYAOBAHUE MEXAHWUYECKOW 1 ®U3UKO-TEXHUYECKOW OBPABOTKM

Hayunasa cmamos
DOI 10.47617/2072-3172_2023 2 32 YIK 621.91

AU. llynak', A.M. 3aiiyeé®, I1.A. Jlasposa’

'MI'TY um. H.Q. Baymana
2TTAO «PKK «Dueprus»

NPOrHO3UPOBAHUE MOKA3ATEJNEN LUEPOXOBATOCTHU
NOBEPXHOCTEW OETANEWA, CNEYEHHbIX U3 NOPOLLKOB
ANNIOMWHUEBBIX CIMNABOB, NMPU UX TOYEHUU

AHHOTAIUS

AITUTUBHBIE TEXHOJIOTUH, OCHOBAaHHBIE Ha JIA3EPHOM CIEKaHHU IIOPOLIKOB METAJJIOB, SBJISIOTCS MEPCIIEKTHBHBIM
METOZIOM M3TOTOBJIICHUS JeTalleil B MEIIKOCEPUHHOM MPOW3BOACTBE. [Ipr M3roTOBIEHNN BEICOKOIIPOYHBIX AETaei
HCIIOJIB3YIOT TIOPOILIOK M3 alfoMUHUEBOTO ciutaBa Pycan RS-300 (cmaB — ananor AlSi10Mg o DIN EN 1706:2013).
OnHako U3-3a BEICOKOH IEPOXOBATOCTH IMOBEPXHOCTEH IeTajeH, MOTyYeHHBIX A INTHBHBIMU TEXHOIOTHAMHE, TPeOy-
eTcsl OKOHYaTeNbHas YICcTOBas 00paboTKa pe3aHHeM, peXKUMBI KOTOPOH He OTPa0OTaHBI LIS psijia CIydaeB.

Jlns pa3paboTKu peKOMEHIAIMI 110 HA3HAYCHHUIO PEKUMOB JIC3BUIHON 00paboTKH, 00eCeunBarOIICH 3aaHHY IO
IIEPOXOBATOCTh JAeTallell N3 YKa3aHHOTO MaTepHalia, BBITOJHEHBI HCCIIENOBAHNS 3aBUCUMOCTEH ITapaMeTpa [mepo-
XOBaTOCTH MOBEPXHOCTH, 00pabOTaHHOH TOUEHHEM, OT MOAAYH U CKOPOCTH PE3aHUsL.

KiroueBble cj10Ba: 4UCTOBOE TOYCHUC, aAAUTHBHBIC TEXHOJIOI'UU, IEPOXOBATOCTL NMMOBEPXHOCTU, AJITOMUHHUCBLIC
CILIaBbI.

Oopazen nurupoBanus: lymsk S.1., 3aiiues A.M., Jlaposa [1.A. IIporao3upoBanue rnoxasaresneii mepoxoBaToCTH
MIOBEPXHOCTEH AeTanel, ClIeYeHHBIX M3 MOPOIIKOB aTFOMUHUAEBBIX CIUTABOB, MU WX ToueHuu // Bectank MI'TY
«Crankun». — 2023. — Ne 2 (65). — C. 32-40. — DOI 10.47617/2072-3172_2023 2 32

Ya.l. Shulyak', A.M. Zaitsev’, PA. Lavrova’

! Bauman Moscow State Technical University
2 S.P. Korolev Rocket and Space Corporation “Energia”

PREDICTION OF SURFACE ROUGHNESS PARAMETERS OF PARTS
SINTERED FROM POWDERS OF ALUMINUM ALLOYS DURING
THEIR TURNING

Abstract

Additive technologies based on laser sintering of metal powders are a promising method for manufacturing parts in
small-scale production. When manufacturing high-strength parts, powders from aluminum alloy Rusal RS-300 are
used (the alloy is an analogue of AlSi10Mg according to DIN EN 1706:2013).

However, due to the high roughness of the surfaces of parts obtained by additive technologies, final finishing by
cutting is required, the modes of which have not been worked out for a number of cases.

To develop recommendations for the appointment of blade machining modes, providing the specified roughness
of parts made of the specified material, the research of dependences of surface roughness parameter, processed by
turning, on the feed and cutting speed was carried out.

Keywords: finishing turning, additive technologies, surface roughness, aluminum alloys.
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2.5.5. TEXHONOIMsi N OBOPYAOBAHUE MEXAHWYECKOW 1 ®U3UKO-TEXHUYECKOW OBPABOTKM
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E.JO. Kponomkuna, I B. Ozansan, A.A. Ilonoea
®dI'bOY BO «MI'TY « CTAHKHH»

BIIMAHME NOBEPXHOCTHOIO NIACTUYECKOIO AE®OPMNPOBAHUA
OBKATbIBAHMEM HA NMAPAMETPbI KAHECTBA KOMMNO3ULUWNOHHbIX
CMNIJABOB

AHHOTaNMSA
B crarbe npuBeneHbl pe3ynbTaThl SKCIEPUMEHTANIBHOTO UCCIIEI0BAaHUS KOMIIO3UIIMOHHOTO TIOPOIIKOBOTO CIIJIaBa

MOCJIE TOBEPXHOCTHOTO IJIACTHYECKOTO e)OpMUpoBaHmst oOkaThiBaHueM. [IpeacTaBieHbl 3aBHCUMOCTH H3MEHEHUS
TBEPAOCTH U LIEPOXOBATOCTH IIOBEPXHOCTHOIO CJIOS JIeTajeH.

KnrwoueBble caoBa: MMOBEPXHOCTHOC INIIACTHYECKOC ,He(bOpMI/IpOBaHI/Ie, KOMITO3UIIMOHHBIC IMOPOMIIKOBBIC CIIJIABBI,
TBEPAOCTH, IIEPOXOBATOCTD.

O6pazen nutupoBanusi: Kpornorkuna E.JO., Oransu I'B., [lonosa A.A. Briusinne moBepXHOCTHOTO IJIacTHYe-
cKoro neOopMHPOBaHUsT OOKATBIBAHHUEM Ha TIapaMeTphbl Ka4eCTBa KOMITIO3UIIMOHHBIX CIu1aBoB // Bectauk MI'TY
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E.Yu. Kropotkina, G.V. Oganyan, A.A. Popova
MSUT “STANKIN”

INFLUENCE OF SURFACE PLASTIC DEFORMATION
BY RUNNING-IN ON THE QUALITY PARAMETERS
OF COMPOSITE ALLOYS

Abstract

The article presents the results of an experimental study of the composite powder alloy after surface plastic deforma-
tion by rolling. The dependencies of changes in hardness and roughness of the surface layer of parts are presented.
Keywords: surface plastic deformation, composite powder alloys, hardness, roughness.
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2.5.5. TEXHONOIMsi N OBOPYAOBAHUE MEXAHWUYECKOW 1 ®U3UKO-TEXHUYECKOW OBPABOTKM

Hayunasa cmamos
DOI 10.47617/2072-3172_2023 2 46 YIK 621.735.016.2

B.A. Epembsanu, B.B. Monooyos, B.A. Hoeukos
®OI'BOY BO «MI'TY «CTAHKHH»

OCOBEHHOCTU NEPEHOCA YINOBbIX MOrPEWHOCTEN MPUBOJA
MHCTPYMEHTA 3YBOPE3HOIO CTAHKA, PEAJTU3YIOLWWEIO
®OPMOOBPA3OBAHUE METOJOM OBKATA, HA NMPO®UIb 3YBA
OBPABATbBIBAEMOI'O KOJIECA

AHHOTAIMS

B crarbe Ha mpuMepe MpruBoa KHCTPYMEHTA PACCMOTPEHA METOIMKA MTOCTPOESHNSI MaTEMaTH4eCKUX MOZIETIEH, OTIHCHI-
BaIOIIMX MEPEHOC YIIIOBBIX MOTPEIIHOCTEH PUBOIOB 1IeTIH o0Kara Ha npo¢uiib 3yba. JlaHo onrcaHue MexaHu3Ma
(hopMupoBaHMs Ha TEOPETHUYECKOM Mpoduie 3y0a aHOMaJIbHBIX OTKJIOHEHHUI KOHTYpa, yAaIsSeMbIX C PealbHOTO
npoduiIs peXyIIMMH KPOMKaMH HHCTPYMEHTA (sIBJICHUE noape3anus). B pesynbrare, Ha peaibHOM npoguie 3y0a,
COXpaHSIOIIEMCS ITOCTIe YAAJICHUS MOAPEe3aeMbIX YYaCTKOB, 00pasyeTcst u3iaoM. [TokazaHo, 4To 3TH aHOMAIUHU (POPMH-
PYIOTCS NIEPUOANYECKH Ha Y4aCTKE OT OCHOBAHHMS 10 HEKOTOPOTO MPEACIBHOTO YIJIa pa3BepHYTOCTH Mpoduis 3yda.
[Tomydena 3aBUCUMOCTD JUIs1 KOJTMYECTBEHHOM OLIEHKM €ro MaKCUMaJlbHOW BeIWYUHBI. BBeeHO MOHATHE NICEBIO-
orpaHka.

KuaroueBble ciioBa: 3y09yaToe KOJeco, YIIoBas MOTPEITHOCTD, IeMb 00KaTa, MoApe3aHue, TOTPEIIHOCTE PO,
ocobast Touka.

Oo6pa3zen nurupoBanusi: Epembsani B.A., Mononuos B.B., HoBuko B.A. OcoOeHHOCTH MepeHoca yrIIOBBIX
MOTPEIIHOCTEH NMPHUBOJIa MHCTPYMEHTA 3y0OOPE3HOT0 CTaHKa, peallu3youiero ¢opMoodpa3oBaHHe METOJIOM 00KaTa,
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V.A. Eremyants, V.V. Molodtsov, V.A. Novikov
MSUT «STANKIN»

FEATURES OF TRANSFERRING THE ANGULAR ERRORS

OF THE GEAR-CUTTING MACHINE'S TOOL DRIVE IMPLEMENTING
SHAPING BY ROLLING METHOD TO THE TOOTH PROFILE

OF THE MACHINED WHEEL

Abstract

In the article the methodology of construction mathematical models describing the transfer of the angular errors of
the generating chain drives to the tooth profile is examined on the example of a tool drive. The description of the
mechanism of abnormal contour deviations formation on the theoretical tooth profile which are removed from the
real profile with the cutting edges of the tool (the undercutting effect). As a result, a fracture is formed on the real
profile of the tooth which is preserved after the removing of undercut places. It is shown that these anomalies are
formed periodically at the place from the base to some limit angle of the tooth profile unrolling. The dependence for
quantitative estimation of its maximum value is obtained. The concept of a pseudo-facet is introduced.

Keywords: gear wheel, angular error, generating train, undercutting, profile deviation, special point.
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XPAMNOBbIE MEXAHU3Mbl B COBPEMEHHOW TEXHUKE:
BAPUAHTbI KOHCTPYKLUUKW, NPOEKTUPOBAHUE B CAD-CUCTEMAX

AHHOTAIUSA

IMpuBenén 0030p BapUaHTOB KOHCTPYKLIUH XPAIOBBIX MEXaHU3MOB, IPUMEHSIEMBIX B COBPEMEHHOM TexHUKe. Paccmo-
TpEHa 33/1a4a aBTOMAaTU3UPOBAHHOIO TPOEKTUPOBAHUS U MOJIEJIMPOBAHUS XPAIIOBBIX MEXaHM3MOB C HCIIOIb30BAHUEM
cucteM aBromMarusupoBanHoro npoextuposanus T-Flex CAD u AutoCAD. C nienbto pelieHys HOCTaBIeHHON 3a1a41
pa3paboTaHo NporpaMMHOE IPUIOKEHUE. B pesynbrare BBIOIHEHHOTO MOAEIMPOBAHUS H3TOTOBIIEH 00pa3el] Xparo-
BOT'O MEXaHU3Ma JUIS UCIOJIb30BAaHUS B yueOHOM Ipoliecce TEXHUIECKOTO YHUBEPCUTETA.

KumoueBble ci10Ba: xparoBbie MexaHu3Mebl, mpoektuposanue B T-Flex CAD, nporpaMmHoOe npriiokenue, 3D-monensb
XpanoBOro MeXaHu3Ma.

O6paszen uurupoBanusi: Codones A.H., Hexpacos A.S1., PuBkun A.B., ApOy3oB M.O. XparoBbsie MEXaHU3MBI

B COBPEMEHHOI TEXHHKE: BapHaHThl KOHCTPYKIHH, poekTupoBanne B CAD-cucremax // Becthuk MI'TY
«Crankun». —2023. — Ne 2 (65). — C. 55-61. — DOI 10.47617/2072-3172_2023 2 55

A.N. Sobolev, A.Ya. Nekrasov, A.V. Rivkin, M.O. Arbuzov
MSUT “STANKIN”

RATCHET MECHANISMS IN MODERN TECHNOLOGY:
DESIGN OPTIONS, DESIGN IN CAD SYSTEMS

Abstract

An overview of design options for ratchet mechanisms used in modern technology is given. The problem of computer-
aided design and modeling of ratchet mechanisms using T-Flex CAD and AutoCAD is considered. In order to solve the
problem, a software application has been developed. As a result of the simulation, a sample of the ratchet mechanism
was made for use in the educational process of the technical university.

Keywords: ratchet mechanisms, design in T-Flex CAD, software application, 3D model of the ratchet mechanism.
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'MI'TY um. H.D. baymana
2 ®I'bOY BO «MHUPDA»

NMPUMEHEHME UMUTALWOHHOIO MOAENNPOBAHUA B CPEJE
ANYLOGIC Anda onPEAENEHNA NAPAMETPOB ®YHKLUWOHUPOBAHUA
ABTOMATU3UPOBAHHbIX MPOU3BOACTBEHHbLIX YHACTKOB
N3roTOBNEHUA U3OENUA MALLMHOCTPOEHUA

AHHOTaLMSA
B Hacrosieii craTbe paccCMaTpUBAIOTCS BO3MOXKHOCTH U JOCTOWHCTBA MMHUTAIIMOHHOTO MOJICIIMPOBAHKS aBTOMA-
TU3UPOBAHHBIX MPOU3BOJICTBEHHBIX YUYAaCTKOB M3TOTOBJICHHUS M3JCIHA MalIHHOCTpOCHUs. [IpUBOAUTCS TpUMEp

HCTIOJIB30BaHUs CpeAbl UMUTATUOHHOTO MOACTINPOBAHUS AnyLogic JUIA OIPEACTICHNSI OCHOBHBIX TapaMETpPOB (1)yHK-
HMOHUPOBAHUA aBTOMAaTU3UPOBAHHOI'O ydacCTKa.

Ki1roueBble cj10Ba: IMUTAIMOHHOE MOJIEIIMPOBAaHKE, aT€HTHOE MOZEIHMPOBAaHKE, TUCKPETHO-COOBITHITHOE MOJIETIH-
poBanue, AnyLogic, inppoBble TEXHOJIOTHH.

Oopazen nutupoBanus: Kpacko A.C., 3axaposa M.D., bazapos 1.U., IIpeobpaxenckas E.B., 3yes B.B. Ilpume-
HEHME UMHUTAIMOHHOTO MojenupoBanus B cpeae AnyLogic ais onpeneneHus napaMeTrpoB GyHKIIMOHUPOBAHUS
ABTOMATH3UPOBAHHBIX MPOM3BOICTBEHHBIX YUaCTKOB U3TOTOBIEHUS U3Jenui MamuHocTpoenus // Bectuuk MI'TY

«Crankuny. — 2023. — Ne 2 (65). — C. 62-68. — DOI 10.47617/2072-3172_2023 2 62

A.S. Krasko', M.E. Zakharova', I.I. Bazarov', E.V. Preobrazhenskaya’, V.V Zuev’

! Bauman Moscow State Technical University
2 MIREA — Russian Technological University

THE USE OF SIMULATION MODELING IN THE ANYLOGIC ENVIRONMENT
TO DETERMINE THE PARAMETERS OF THE FUNCTIONING

OF AUTOMATED PRODUCTION SITES FOR THE MANUFACTURE

OF MECHANICAL ENGINEERING PRODUCTS

Abstract

This article discusses the possibilities and advantages of simulation modeling of automated production sites for the
manufacture of mechanical engineering products. An example of using the AnyLogic simulation environment to
determine the main parameters of the functioning of an automated site is given.

Keywords: simulation modeling, agent modeling, discrete event modeling, AnyLogic, digital technologies.
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JI.3. Illeapubype, A. FOcegh
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AHANW3 QHEPTOJ3®PDEKTUBHOCTU TEXHOJNTOTMYECKOIO NMPOLIECCA
MEXAHOOBPABOTKH

AHHOTALUS

B pa6ote, Ha npumepe dpe3epHOii 00pabOTKK TPEX MIOCKUX MOBEPXHOCTEH, MOKA3aHbI PUYHHBI 3aBBIIICHHOTO
NOTPEOIIEHNS SIMEKTPUIECKON SHEPTHH TPH PEAT3aLii STHX TEXHOIOTHIECKHX MporieccoB. [Ioka3aHo, 4To 0CHOBHOM
MPUYUHON 3aBBIIIEHHOTO MOTPEOICHHUS SBISETCS «HENOTPY3Ka» HIIEKTPOIBHUTraTeNs CTaHKa, TO €CTh SIBICHHE, TIPH
KOTOPOM MOIITHOCTB Ha BAITy JJICKTPOIBUTATEIsI MEHBIIIE €r0 HOMHHAIBHOW MOIIIHOCTH, UTO SIBIISIETCS XapaKTEPHBIM,
B YaCTHOCTH, TIPH peaT3alli TEXHOJIOTUIECKOTo Iporiecca GppesepoBanust. Kpome Toro, moxazaH OUH U3 IPUEMOB
YCTpaHEeHUsI 3TOTO 3aBBIIIEHHOTO TOTPEOICHUS HIIEKTPUIECKOH YIHEPIHN METOJOM KOMITCHCALIHH.

KuroueBble ci10Ba: TEXHOIOTHYECKHI rnponecc (ppeSepOBaHI/Iﬂ, MOIITHOCTB pE€3aHusl, MOIIHOCTb Ha BaJTy DJICKTPO-
ABUTATEJIs1, HEAOI'PY3Ka, HOTp€6J'I€HI/IC, KOMIICHCalus.

Oo6pazen uutupoBanusi: [sapudypr JI.D., IOced A. AHanu3 sHeprodpHEeKTHBHOCTH TEXHOIOTHYECKOTO ITpoLecca
Mexanoobpaborku // Bectiuk MI'TY «Crankun». — 2023. — Ne 2 (65). — C. 69-73. — DOI 10.47617/2072-
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L.E. Shvartsburg, A. Yousef
MSUT «STANKIN»

ANALYSIS OF THE ENERGY EFFICIENCY OF THE TECHNOLOGICAL
PROCESS OF MACHINING

Abstract

The paper, using the example of milling three flat surfaces, shows the reasons for excessive consumption of electrical
energy in the implementation of these technological processes. It is shown that the main reason for excessive consump-
tion is the «under loading» of the machine motor, that is, the phenomenon in which the power on the motor shaft
is less than its rated power, which is characteristic, in particular, during the implementation of the milling process.
In addition, one of the methods of eliminating this excessive consumption of electrical energy by the compensation
method is shown.

Keywords: technological process of milling, cutting power, power on the shaft of the electric motor, under loading,
consumption, compensation.
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B.A. Tumupszes, B.A. Jleoenes, B.H. Jleguyk
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TEXHOJIOT'MYECKUE METObl NOBbIWWEHUA TOYHOCTHU
U3roToBNnEHUA POTOPA BO3YLUHOIO HAFHETATENA

AHHOTaIMS

W3noxens! 3a1a4i TOYHOCTH U3TOTOBIIEHUS POTOpA BO3LyIIHOTO HAarHETATeNsl HA MHOTOLIETIEBOM CTaHKe. BhIsBIeHBI
OCHOBHBIE IPUYMHBI BO3HUKHOBEHHUS OTKJIIOHEHUH KOHTypa pOTOpa U IIyTH UX YMEHBILIEHHs, OCHOBAHHbIE HAa aBTO-
MaTHY€CKOM BHECEHUHU KOPPEKLHHU B YIIPABIISIONIYIO IIPOrpaMMy CTaHKa.

KuroueBbie ciioBa: poTop, BO3AYIIHBII HarHeTaTe b, H3TOTOBIEHHE, TOYHOCTh KOHTYpa, IPOrpaMMHpOBaHHUE,
KOppEeKLHsL.
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V.A. Timiryazev, V.A. Ledenev, V.I. Levchuk
MSUT “STANKIN”

TECHNOLOGICAL METHODS FOR IMPROVING THE ACCURACY
OF MANUFACTURING THE AIR BLOWER ROTOR

Abstract

The tasks of precision manufacturing of the air blower rotor on a multi-purpose machine are described. The main
causes of rotor contour deviations and ways of their reduction based on automatic correction in the control program
of the machine are revealed.

Keywords: rotor, air blower, manufacturing, contour accuracy, programming, correction.
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ONTUMU3ALIUA MATEPUATIbHBIX MOTOKOB KAK OANH N3 CIMTOCOBOB
NOoBbIWEHUA MPOU3BOAUTENIbBHOCTU CBEOPOYHbBLIX MECT

AHHOTaNMSA

PaccMotpeH cnoco6 onTumuszanuu padodero mMecra coopiuka. IIpeayioxkeHo ycoBepIeHCTBOBAHNE IIPOrPaMMBl
U IOATBEPKJCHA Pab0TOCTIOCOOHOCTD IPEIOKEHHOW METOIMKY ONTUMH3ALUK pabodero Mecta cOOpIIMKa.

KuaroueBble ciioBa: ONTHMU3aLUs MATEPUATBHBIX TIOTOKOB, MyPaBbHHBIN aTOPUTM, PaCCTaHOBKA 00OPYIOBaHUS,
pabouee MecTo cOOpIIUKA.
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A.K. Shlepin, V.P. Voronenko
MSUT “STANKIN”

OPTIMIZATION OF MATERIAL FLOWS AS ONE OF THE WAYS
TO INCREASE THE PRODUCTIVITY OF ASSEMBLY SITES

Abstract
The method of optimizing the assembly fitter’s workplace is considered. The improvement of the program is proposed
and the operability of the proposed methodology for optimizing the assembly fitter’s workplace is confirmed.

Keywords: optimization of material flows, ant algorithm, arrangement of equipment, assembly fitter’s workplace.
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2.3.3. ABTOMATW3ALINA N YPABNEHWE TEXHOITOTMYECKMU
MPOLIECCAMM 1 MPON3BOACTBAMMA

Hayunas cmamos
DOI 10.47617/2072-3172_2023 2 86 YJK 658.52.011.56

A.B. Pvibaxos’, A.A. Kpacnos', C.A. Eeooxkumos’, A.H. Illypno’

' ®I'BOY BO «MI'TY «CTAHKHH»
2UKTU PAH

®OPMNPOBAHMUE LLEMOYKU NMPOEKTUPOBAHUA C YHETOM
HOPMATUBHO-CMPABOYHbIX OTPAHUYEHWUA

AHHOTAIMSA

B nannoii crarse PaCCMOTPEHO YIIPABJICHUE HCTIOYKAaMU IPOCKTHUPOBAHUA B MAILIMHOCTPOCHUHU ITPU CKBO3HOU HUHTE-
I'paliuy BCEX MPOUECCOB U YHACTHUKOB ACATCIbHOCTH.

KiioueBble cJI0Ba: yrpaBieHUE [EIOYKaMHU IPOCKTUPOBAHMS, LI(POBOIT [TOIXO/ K IPOU3BOACTBY, L(POBas TpaHC-
(hopmanus e TeIbHOCTH.
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FORMATION OF THE DESIGN CHAIN, TAKING INTO ACCOUNT
REGULATORY AND REFERENCE RESTRICTIONS

Abstract
This article discusses the management of design chains in mechanical engineering with end-to-end integration of all
processes and participants in the activity.

Keywords: design chain management, digital approach to production, digital transformation of activities.
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OCOBEHHOCTU U BEPOATHOCTHbIE MEPbI 3KONOTIr’MYECKUX
PUCKOB ABTOMATU3NPOBAHHbLIX MALLUHOCTPOUTENbHbIX
NMPOU3BOACTB

AHHOTaIMS

B crarbe npoBoanTCs aHAIN3 yIPABIECHUS! PUCKaMU Ha MAIIMHOCTPOUTEILHOM MPEANPUSITUHA Ha OCHOBE BEPOSITHOCT-
HOTO IMOAX0/1a K OL[EHKE SKOJIOTMYECKHX PUCKOB. ABTOpaMH IPEAIOKeH MPOLECcC yNpaBIeHUs PUCKAMU U cOco0
BEPOSITHOCTHOM OLIEHKU SKOJIOTMUECKHUX PUCKOB. [IpenoxKeHHbIe TOAXO0/IbI B OLIEHKE PUCKOB OCHOBAaHBI HA pa3BUTUU
CYLIECTBYIOLINX METO/I0B, CIOCOOOB U MOAXOJJ0B PUCK-MEHEIKMEHTA.

KuroueBble ciioBa: puck, ynpasienne puckamu, 1CO 31000, UCO 14001, skomorudeckuii puck, OlleHKa pucka,
BEPOSTHOCTHBII MOIXO, SKOJIOTHYECKUH yIepO, BennunHa yiepoa, ypoBeHb PUCKa.
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N.O. Baranova, A.V. Kapitanov
MSUT “STANKIN”

PECULIARITIES AND PROBABILITY MEASURES FOR ENVIRONMENTAL
RISKS OF AUTOMATED ENGINEERING PRODUCTIONS

Abstract

The article provides the risk management analysis at an automated engineering factory based on the probabilistic
approach of the environmental risk’s estimation. The authors propose the risks management process and the probabi-
listic estimation method for environmental risks. The proposed risk assessment approaches are based on the develop-
ment of existing risk management methods and approaches.

Keywords: risk, risk management, ISO 31000, ISO 14001, environmental risk, risk assessment, probabilistic approach,
environmental damage, damage magnitude, risk level.
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K MPOBNIEME NOCTPOEHUA ABTOMATU3UPOBAHHOW
CUCTEMbI METPONTOM'MYECKOIO OBECNEYEHUA U3MEPEHUI
ONA MALWWHOCTPOUTENbHbIX NPEQNPUATUN

AHHOTAIMS

[penyoxena 0000LICHHAS CTPYKTYPHAsl CXeMa aBTOMAaTH3MPOBAHHOW CHCTEMBI METPOJIOTHUYECKOTO 00ECTICUCHHUS
MAaIIMHOCTPOUTENIBHOTO IPEANPUATHS. PacCMOTpeHbI MOJCUCTEMBI, PEATU3YIOIINE OCHOBHBIE 3TAllbl METPOJIOrHYe-
CKOro 00ecreyeHus POU3BOICTBA, X (DYHKIMOHAIILHBIE BO3MOXXHOCTH U OCOOCHHOCTH NMPAKTUYECKON peaTr3alui.

KuroueBbie cjioBa: METPOJIOT'MYECKOC 06ecnequHe, aBTOMaru3anus, BI)I60p Cpe€acTB I/IBMGPGHI/Iﬁ, METPOJIOrn4YeCKasn
OKCIICPTHU3a

Oopasen uutupoBanusi: [y6okos A.B., Imy6okoa C.B., Emenbsitos I1.H., Aponuna 1.B. K nmpoGneme nocrpoeHus
ABTOMATH3UPOBAHHOMN CHCTEMBI METPOJIOTHYECKOT0 00SCIeUeHHUST M3MEPEHHUH [Tl MAIIHHOCTPOUTENBHBIX TIPEAIPH-
stuit // Bectauk MI'TY «Crankuny». — 2023. — Ne 2 (65). — C. 98-104. — DOI 10.47617/2072-3172 2023 2 98

A V. Glubokov, S.V. Glubokova, PN. Emelyanov, I.V. Afonina
MSUT «STANKIN»

ON THE PROBLEM OF CREATING AN AUTOMATED SYSTEM
OF METROLOGICAL MEASUREMENTS SUPPORT FOR MACHINE
BUILDING ENTERPRISES

Abstract

A generalized block diagram of an automated system of metrological support for a machine building enterprise is
proposed. The subsystems that implement the main stages of metrological support of production, their functional
capabilities and practical implementation features are considered.

Keywords: metrological support, automation, choice of measuring instruments, metrological expertise
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ONPEOENEHUE B3AMMOCBSA3EN MEXOY NPOLECCAMM B YCNTOBUAX
ABTOMATU3ALWUN NPOU3IBOACTBEHHbLIX CUCTEM NPEANPUATUA

AHHOTaNMSA
PaccmoTtpensl Bonpock! orpeiesieHnst B3auMOCBSI3e MeX/1y OCHOBHBIMHM IPOLECCAMH MAIIIMHOCTPOUTENBHBIX POU3-
BOJICTB C TOUKH 3pEHUsI MMPOLIECCHOTO MOIX0/1a, ONMCaHa MaTeMaTH4ecKasi MOZIe b MPOU3BOACTBEHHOTO MTpoLecca.

KuaroueBble ciioBa: HUHTCTPHUPOBAHHBIC aBTOMATU3UPOBAHHBIC CUCTEMBI YIIPABJICHU A, B3AUMOCBA3b MCXKY ITPOLECC-
caMu, HpOHeCCHBIﬁ nmoaxoa, MoaeJb MMpoOUu3BOACTBEHHOI'O IIpoLIECCa.

Oo6pazen uutupoBanus: Memkos B.I. Onpenenenue B3anMocBsI3eil MeKIy IPOLIECCaMH B YCIIOBHUSIX aBTOMAaTH3aLUN
MPOU3BOJCTBEHHBIX cucTeM npeanpusatus // Bectauk MI'TY «Crankuny. — 2023. — Ne 2 (65). — C. 105-109. —
DOI 10.47617/2072-3172_2023 2 105

V.G. Meshkov
MSUT “STANKIN”

DETERMINATION OF INTERRELATIONS BETWEEN PROCESSES
IN THE CONDITIONS OF AUTOMATION OF PRODUCTION SYSTEMS
OF THE ENTERPRISE

Abstract
The issues of determining the relationships between the main processes of machine-building industries from the
point of view of the process approach are considered, a mathematical model of the production process is described.

Keywords: integrated automated control systems, interrelation between processes, process approach, production
process model.
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®OPMWPOBAHUE NOTOKOBO-UH®OPMALMOHHOW MOOENU
C UENDbIO ONPEAENEHNA CTATYCA KPUTUYECKUNX Y3J10B

AHHOTALMS

PaccMoTpeHbI BOTIPOCHI BBISIBIICHUSI CBS3EH MEXK/Ty MPOU3BOACTBECHHBIMH MPOIIECCAMH Ha ATaax )KU3HESHHOTO UK,
MPEUIOKEHA MOJICIb, KOTOPasi HATVISITHO TMTOKA3bIBACT HAJIMYHUE, KOJIMYSCTBO U MeCTa 00pa30BaHUs KPUTHYECKUX
Y3JI0B, B KOTOPBIX TIPOUCXOAUT 00BETUHEHHUE HHPOPMAIIHOHHBIX TTOTOKOB.

KiioueBsbie ci10Ba: MOTOKOBO-MH(OPMALIOHHAS MOZIEITb, MOJICIIb IPOM3BOACTBEHHOTO TIpoLecca, u(pOBOE IPOU3-
BOACTBO, aBTOMAaTU3UPOBAHHBIC CUCTEMbI YIIPABJICHUA, (i)yHKLlI/IOHaH])Haﬂ Mmarpuia

Oo6pazen nurupoBanus: Memkos B.I. @opmupoBaHie HOTOKOBO-HH()OPMAIIMOHHOW MOJIEIH C LEITBI0 ONPeIeTICHHS
craryca Kputndeckux y3ioB // Bectauk MI'TY «Crankumy. —2023. —Ne 2 (65). — C. 110-114. - DOI 10.47617/2072-
3172 2023 2 110

V.G. Meshkov
MSUT “STANKIN”

FORMATION OF A FLOW-INFORMATION MODEL IN ORDER
TO DETERMINE THE STATUS OF CRITICAL NODES

Abstract

The issues of identifying links between production processes at the stages of the life cycle are considered, a model
is proposed that clearly shows the presence, number and places of formation of critical nodes in which information
flows are combined.

Keywords: flow-information model, production process model, digital production, automated control systems,
functional matrix.
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ANNTOPUTMUIALUA 3AOAYN BUSYANTUSALUNU N CUHTE3A
KOMMNOHOBOK ArPErATHbIX CTAHKOB

AHHOTaIMSA

W3105keHbl OCHOBHBIC MPHHIUIIBI (OPMUPOBAHUS KOMIIOHOBOK arperaTHbIX CTaHKOB. [IpeyioyKeH HOBBIN MOIXO/
K CO3/IJaHHI0 BU3YaJIM3UPOBAHHBIX KOMIIOHOBOK arperaTHbIX CTAHKOB W3 YHU(DHUIIMPOBAHHBIX KHHEMATHUCCKH HE
CBSI3aHHBIX MEKIY COOOM y3JI0B 110 rabapuTHBIM pa3MepaM 00pabaThIBACMOM AETaH.

KiroueBbie ciioBa: CTaHKHU, CTAHKOCTPOCHUEC, arp€raTHbl€ CTAaHKH, KOMIIOHOBKHU arp€raTrHbIX CTaHKOB, CUCTEMaA
BU3yaJIn3allii CTaHKOB.

Oopa3zen nutupoBanus: Oeodpanos A.H., laneunn A.C. AnropurmMuzanys 3aJa41 BU3yallu3aluy 1 CHHTE3a KOMIIO-
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A.N. Feofanov, A.S. Dalechin
MSUT “STANKIN”

ALGORITHMIZATION OF THE PROBLEM OF VISUALIZATION
AND SYNTHESIS OF ROTARY TRANSFER MACHINES LAYOUTS

Abstract

The basic principles of forming the layouts of rotary transfer machine sare described. A new approach to creating
visualized layouts of rotary transfer machines from unified kinematically unrelated nodes according to the overall
dimensions of the workpieceis proposed.

Keywords: machine tools, machine design, rotary transfer machine, layouts of rotary transfer machines, machine
visualization system.
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