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B.B. ®unamoe ®, M.B. Yymaesa, /.A. Huxonaeg

OI'BOY BO «MI'TY «CTAHKHH»
™ ABTOp 1/ KOPPECTIOHAEHIN

KOMNbIOTEPHOE MOAENTMPOBAHUE NMPOLIECCOB YMNPABJIEHUA
B UCMNOJIHUTENbHOM CUHXPOHHOM ABUIATEJIE

AHHOTALUS

B pabote mprBOAMTCS MOCTPOCHHE MATEMATHUYECKOM M KOMITBIOTEPHON HMHUTAIMOHHON MOJIeIICH HCTIONHHUTEITh-
HOTO CHHXPOHHOTO JIBUTATEIIs ¢ BO30Y)KIEHHEM OT IIOCTOSIHHBIX MArHUTOB. DTH MOJIEIH CBS3BIBAIOT BBIXOHEIE
BEJINUUHEL, IT0 KOTOPBIM BEETCS YIPaBICHNE, C BXOAHBIMH YIPABILIONIMMH BETHYHMHAMH, (POPMUPYEMBIMU
CHCTEMOH yIIpaBIICHHS dIEKTPONpUBOAA. B Monenn yuTeH pa3zMarHHuuBaromui 3¢ GpeKkT MarHUTHOTO TOTOKa
peakuu sikopsi. [IpuBeseHO mpencTaBiIeHre MaTeMaTHYeckol Moaenr B popMaTe YpaBHEHUH COCTOSHHS.
JIiis nanbHeHIero mocTpoeHus CTPYKTYPHOM OJIOK-CXEMBbI MOJIEJ b MPEICTAaBICHa B HHTETPaIbHOM (opme.
Ha ocHOBe cTpyKTypHO# GJIOK-CXeMBI HOCTPOEHa KOMIBIOTEPHAs MMHTAMOHHASI MOZENb B MPOTrPaMMHON
cpene MultiSim 10. JleTanibHO pacCMOTPEHBI COCTABHBIC MOIYJIM AaHHOW Mozenu. s Moayins, popMupy-
IOIIETOo B KaYeCTBE IIEPEMEHHBIX COCTOSHHS TOKH B OOMOTKAX SIKOPsI, OAPOOHO PacCMOTPEH MPOLECC MOITy-
YeHHs BBIXOAHBIX IIEPEMEHHBIX KaK KOOPAUHAT (ha30BOr0 MPOCTPAHCTBA. B KOMIBIOTEpHON IMUTAIIIOHHON
MOJIEJIH JAHHBIA MOYJIb HCIIONB3yeTCst TprKAbl i (a3 A, B, C coorBeTcTBeHHO. B Momyre, popmupyromiem
YIJIOBYIO CKOPOCTB BpalIeHHs pOTOpa KaK YeTBEPTYI0 KOOPAMHATY (Ha30BOr0 MPOCTPAHCTBA, peai30BaHa
3aBUCHMOCTD TOH NMEPEMEHHOM COCTOSHHUS OT BHEIIHUX BO3MYILIEHHAN M CYMMapHOTO 3JIEKTPOMAarHUTHOTO
MOMeHTa. J{J1 MozieNiu MpoBeieH KOMIBIOTEPHBIH BUPTYaIbHBIN SKCIIepuMeHT. [IpencTaBneHsl pe3yasTaTsl
MIOJTyYEeHHS BPEMEHHBIX XapaKTepUCTUK ABuraress. C [ebio OLCHKH My IbCallii MOMEHTA Ha BaITy IBUTaTEIs
MIPOBE/IEH YaCTOTHBIH aHaIN3 (GYHKIUH JIEKTPOMAarHUTHOI'O MOMEHTA.

KiroueBble cj10Ba: UCIIOTHUTEIIBHBIN CPIHXpOHHLIﬁ JABUTATCJIb, DJICKTPOIIPUBOL, YIIPABJICHUE, MaTEMAaTH1C-
CKasl MOJ€JIb, CTPYKTYpHas CXeMa, KOMIbIOTEpHAsA UMUTALITUOHHAS MOACIIb.

Jasa uutupoanus: ®@umaros B.B., Uymaesa M.B., Hukomaes JI.A. KoMmmnbioTepHOoe MonenupoBaHUe
MPOLIECCOB YIPABJICHHS B UCIIOJIHUTEILHOM CUHXpOHHOM zBurarene / Bectauk MI'TY «Crankuny. —2024. —
Ne 4 (71). - C. 8-16.

V.V, Filatov =, M.V. Chumaeva, D.A. Nikolaev

MSUT “STANKIN”
™ Corresponding author

COMPUTER SIMULATION OF CONTROL PROCESSES FOR AN
EXECUTIVE SYNCHRONOUS MOTOR

Abstract

The paper presents the construction of mathematical and computer simulation models of the executive synchro-
nous motor with excitation from permanent magnets. These models associate the output values, which are
controlled, with the input control values generated by the control system of the electric drive. The model takes
into account the demagnetizing effect of the magnetic flux of the reaction of the anchor. The representation
of the mathematical model in the format of the equations of the state is given. For further construction of the
structural scheme model is presented in integral form. A computer simulation model was built on the basis
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2.5.4. POBOTbl, MEXATPOHWKA N POBOTOTEXHWUYECKWE CUCTEMbI

of the structural scheme in the MultiSim 10 software environment. Composite units of this model are consid-
ered in detail. For the unit forming as variable states of currents in the windings of the anchor, the process of
obtaining output variables as coordinates of phase space is considered in detail. In the computer simulation
model, this unit is used three times for phases A, B, C respectively. In the unit forming the rotor’s angular
speed as the fourth coordinate of the phase space, the dependence of this variable state on external perturba-
tions and the total electromagnetic moment is implemented. A computer virtual experiment was conducted
for the model. The results of obtaining the time characteristics of the motor are presented. Frequency analysis
of electromagnetic torque function conducted to assess torque pulsation on motor shaft.

Keywords: executive synchronous motor, electric drive, control, mathematical model, block diagram,
computer simulation model.

For citation: Filatov V.V., Chumaeva M.V., Nikolaev D.A. Computer simulation of control processes for an
executive synchronous motor . Vestnik MSUT “Stankin”. 2024. No 4 (71). P. 8-16. (In Russian)
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1 ®I'BOY BO «MI'TY «CTAHKUH»; 2 KabapauHo-bankapckuii rocy1apCTBEHHBIN arpapHbiil YHHBEPCUTET
uM. B.M. KokoBa

™ ABTOp AJIsl KOPPECTIOHIEHIINH

BOMPOCHI PA3PABOTKA POEOTOTEXHUYECKOW CUCTEMbI
ANA NPOPEXUBAHWUA COLBETU

AHHOTaNUSA

Hecmotpst Ha BBICOKHE TEMITBI Pa3BUTHS M BHEIPEHHS CPEICTB aBTOMATH3allMH POM3BOICTBA B COBPEMEHHOE
CeIbCKOE XO35HCTBO, CaJOBOJICTBO B 3HAUUTEIBHOI! CTETIEHN MoNaraeTcs Ha UCIONIb30BaHUE PyYHOTO TpyAa
JUTSL BBITIOJTHEHHS TAKUX TEXHOJOTHYECKHUX OMepaIuii, kak o0pe3ka, IpopekuBaHUe COLBETHH, cOOp ypoxkas
u T.11. [IpopexuBaHue CONBETHII COCOOCTBYET YBETHIECHUIO YPOXKAHHOCTH, YTy ULIEHUIO Ka9eCTBa IPOTYKIIHU
Y YCTOMYMBOCTH pacTeHni. Ha JaHHbBII MOMEHT B CEJIbCKOM XO35HCTBE TOBCEMECTHO UCTIOIB3YETCS PYyUHOE,
MeXaHH4YeCcKoe U XUMUYeCcKoe NpopekuBaHue. [Ipy MeXaHHUeCKOM MPOPEKUBAHIUH MOXKET IIPOHCXOIUTH
TOBPEXKICHHE KPOHBI PACTEHMH, TUCTHEB M BETOK. XUMHYECKOE MPOPEKUBAHNE TPEACTABIAECT OMACHOCTh
TS OKpY’KaroIeH cperibl 1 moiei. B cBsA3M ¢ HeocTaTKaMH JAHHBIX METOIOB IIPOPEKHUBAHHS OOTBIINHCTBO
CaJI0BOZIOB IIPOIOIIKAIOT HCIIONB30BaTh HU3KOA(D(PEKTUBHBIN, JOPOTOCTOSIINH U TPYIOEMKHIT MOAXO PyIHOTO
MPOPEKUBAHUS PACTEHUH IS JOCTHKEHHS TPeOyeMBIX pe3yIbTaToB.

Iens maHHO# paboTHl — pa3pabOTKa TEXHUYECKOTO PEIIeHHs Il POOOTH3ALMU MPOoLecca IPOPEKUBAHUS
COHBGTHﬁ. B paMKax JOCTUXXCHUSA LEIU PACCMOTPEHBI 3aJla4i MPOCKTUPOBAHUA U MHTETPALIUU CUCTEMBI
TEeXHUYECKOTO 3pEHUs], CIOCOOHON PacIo3HaBaTh KJIACTEPhl COLBETUH, X POOOTOTEXHUIECKOTO KOMILIEKCa,
IIPEAHA3HAYCHHOTO I OCYLIECTBICHHUS BEIOOPOYHOIO MEXaHUYECKOTO BO3AECHCTBHS Ha OOHApy>KEeHHBIE
KiacTepsl. Takke BbIABIEHa HEOOXOIUMOCTD Pa3paboTKU METOAa U MPOTPAMMHOTO 0OECIIeUeHHs OLIEHKU
3} PEKTUBHOCTH MPOPEIKUBAHUS KJIACTEPA COLIBETHH.

B pamkax pa0oTsl IpeAcTaBiIeHa POOOTU3MPOBAHHAS CHCTEMA, KOTopas OblIa MPOTeCTUPOBaHa B Jabopa-
TOPHBIX YCIOBHSAX. BBUIO BBISIBICHO, UTO BPeMs BBHIIIOIHEHHSI IPOLEIY Pl IPOPEXKUBAHUS C YIETOM PabOThI
aJrOpUTMa MOKMCKA U BBHINOJIIHEHHS ONepaluy HaJ couBeTHeM cocTtaBuio 38,5 cexkyna. Bpems ot MmomeHTa
00HapyXeHHs COLBETHS CUCTEMOM TEXHHYECKOTO 3peHUsI 10 BO3BpaTa MaHUIYJIATOPA B UCXOAHOE I10JI0-
*KeHHe, IPU KOTOPOM ObIJI0 00HAPYKEHO COLIBETHE, COCTABMIIO 7,5 CeKyHII. ABTOMaTHYeCKOe cpabaThIBaHNe
aJITOPUTMa MTPOPEKUBAHNS KOPPEKTHBIM 00pa3oM MporcXoauiio B 86% ciryyaeB. Pe3ynsrarsl mpogeMOHCTPH-
PpoBaIn NIEPCIHEKTUBHOCTDH UCIIOJIb30BaAHUL pO6OTH3HpOBaHHOﬁ CHUCTEMBI JIs1 aBTOMAaTU3alunu BbI60pO‘{HOFO
IPOPEKUBAHUS COLBETUI U BOZMOXKHBIE HAIIPABJICHUS JAJIbHEHIIETO pa3BUTHUS IPEACTABICHHOTO CpeCTBa
poboTu3anuy mpouecca NpopeKUBaHuUsL.

KuroueBsble cji0Ba: cucrema ynpaBlieHUs, pOOOTU3NPOBaHHAS IaT(hopMa, MO3UIIHOHUPOBAHUE, TPASKTOPHS
JIBIDKEHHSI, IPOPEKUBAHNE COLBETUH, CHCTEMa TEXHMUECKOTO 3pEHHUS.

s uurupoBanus: Ulepeyxe M.A., [IpiiekoB A.U., CemsannuxoB 1.B., lllepeyxes M.A. Bonpocsr
pa3paboTKN pOOOTOTEXHUYECKON CUCTEMBI AJ1s TpopexuBanus cousetni // Bectauk MI'TY «Crankuny. —
2024. — Ne 4 (71). — C. 17-26.
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M.A. Shereuzhev' =, A.I. Dyshekov', L.V. Semyannikov', M.A. Shereuzhev?

1 MSUT “STANKIN”; 2 Kabardino-Balkarian State Agrarian University named after V.M. Kokov
™ Corresponding author

ISSUES IN THE DEVELOPMENT OF A ROBOTIC SYSTEM
FOR THINNING INFLORESCENCES

Abstract

Despite the high pace of development and implementation of production automation tools in modern agri-
culture, horticulture relies heavily on the use of manual labor to perform technological operations such as
pruning, thinning of inflorescences, harvesting, etc. Thinning of inflorescences helps to increase yields,
improve product quality and plant resistance. At the moment, manual, mechanical and chemical thinning is
widely used in agriculture. The use of these methods often leads to negative consequences. During mechanical
thinning, damage to the crown of plants, leaves and branches may occur. Chemical thinning poses a danger
to the environment and people. Due to the disadvantages of these thinning methods, most gardeners continue
to use the low-efficiency, expensive and time-consuming approach of manual thinning of plants to achieve
the desired results.

The purpose of this work is to develop a technical solution for robotizing the process of thinning inflores-
cences. In order to achieve this goal, the task of developing a vision system capable of recognizing clusters
of inflorescences is considered and the task of a device capable of performing selective mechanical action
on detected clusters is considered. The necessity of developing a method and software for evaluating the
effectiveness of thinning a cluster of inflorescences has also been identified.

This paper presents a robotic system, which has been tested in laboratory conditions. It was revealed that
the time to perform the thinning procedure, taking into account the operation of the search algorithm and the
operation on the inflorescence, was 38,5 seconds. The time from the moment the inflorescence was detected by
the vision system to the return of the manipulator to the initial position at which the inflorescence was detected
was 7,5 seconds. The automatic operation of the thinning algorithm occurred correctly in 86% of cases. The
results demonstrated the prospects of using a robotic system to automate selective thinning of inflorescences
and possible directions for further development of the presented tool of robotization of the thinning process.

Keywords: control system, robotic platform, positioning, trajectory, thinning of inflorescences, vision system.

For citation: Shereuzhev M.A., Dyshekov A.I., Semyannikov 1.V., Shereuzhev M.A. Issues in the develop-
ment of a robotic system for thinning inflorescences. Vestnik MSUT “Stankin”. 2024. No 4 (71). P. 17-26.
(In Russian)

BECTHUK MI'TY « CTAHKWH» Ne 4 (71) - 2024 / VESTNIK MSUT «STANKIN» No. 4 (71) « 2024



___ 2.55. TEXHONOr 1A 1 OBOPY0BAHVE MEXAHUYECKOW 11 ®U3NKO-TEXHWYECKOW OBPABOTKN _

Hayunas cmamos
Bectauk MI'TY «Crankuny. 2024. Ne 4 (71). C. 27-36.

YIK 666.9.017 Vestnik MSUT “Stankin”. 2024. No. 4 (71). P. 27-36.

C.b. Ilepemamxo'™, I0.H. Illuxanesa’

1 ®I'BOY BO «KanuHUHTpaACKuii ToCy1apCTBeHHbIN TexHuueckuii yausepcurer»; 2 AO «OKB «Dakem»
™ ABTOp [UIsi KOPPECTIOHAEHIIMI

MOBbIWEHWE HAOEXXHOCTWU OMNPEAENEHUA OAEPEKTOB

NMPU N3rOTOBNIEHUW OETANEN U3 KEPAMUYECKUX MATEPUANOB
angd nPomM3BoACTBA OANIANEKTPUYECKUX PA3PAOHBLIX KAMEP
CTALUMOHAPHbIX NNA3MEHHbIX OBUIATENEN

C UCMNMONb3OBAHUEM TOMOIPA®A

AHHOTAUUSA

[pu UCTIOIp30BaHUH KEPAMHUECKHX MATEPHAIOB JIIS H3TOTOBJICHUS IUIEKTPUIECKUX Pa3psIHBIX KaMep
CTAIlMOHAPHBIX TUIa3MEHHBIX JBHTaTeled KOCMUYECKHX JETATENFHBIX alllapaToB UMEIOTCS CIIOKHOCTH
B [IPOTHO3MPOBAHUSI TOBEICHHS MaTepHalia Ha dTanax )KU3HEHHOTO IHKJIa n3enus. B 4acTHOCTH, pa3psiqHas
kamepa asurarens CII/I-100 usroraBiuBaeTcs U3 BHICOKOIIPOYHOH KEPaMHKH Ha OCHOBE I'€KCaroHaJIbHOTO
HUTpHUAA OOpa, MOTYYSHHOTO METOIOM IOpSYero MpeccoBaHus B cpele azora mpu temneparype 1800°C
u paBnennu 35 MIla. CormacHO TEXHOIOTHYECKOMY TIPOIIECCY U3TOTOBICHUS pa3psIHOi KaMephl, KepaMude-
CKasl 3aroTOBKA IOJIBEPraeTcs JIE3BUIHON 00paboTKe, ITOCiie KOTOPOi Ha 00padOTaHHOH MOBEPXHOCTH MOTYT
BBISBIATHCS Ie(EeKThl, BOSHUKAIOUINE Ha dTale U3rOTOBIICHUS. [ 0TOBOE M3/IeNne TIOBEpraeTcsi KOHTPOITIO
SIIEKTPOUCKPOBBIM METOIOM, TIPU 3TOM JIONOIHUTEIEHO TPOBOIUTCS IIPEABAPUTENBHBIN IPOYHOCTHOM pacyeT
W3IeNHs Ha BO3IEHCTBHE MEXaHMYECKUX HATPY30K METOJOM KOHEUHBIX dJIeMeHTOB. [IprBeneHa KapTHHA
pacnpezeneHns HalpsDKeHHH B KaMepe TP BO3ACHCTBIHN CITyYaifHON BUOpAIIMY B HATIPABICHUH ITEPIICHTUKY-
Js1pHO (0Ch Y) K IUIOCKOCTH KpETUTeHHUs IBUraTesl. [I[poaHann3upoBaB KapTUHY pacripeaeeHus HampsHKeHHH
B M3JIETIMH, MOXKHO CZEJaTh BBIBOJ, YTO KOY(MHUIUEHTH 3amaca Mo MPOYHOCTH BBHICOKH M pa3pylIeHHe He
HacTynut. OHAKO, OIBIT TOKA3bIBAET, YTO HE BCEIZa MMPOTHO3UPOBAaHHE TIOBEICHHS MaTepHaia B YCIOBHUIX
MEXaHUYEeCKOTO BO3JICHCTBUS Ha M3EIIHe COOTBETCTBYET AeHCTBUTENbHOCTH. [IpeicTaBineHHbIe pe3yabTaThl
HCCIIEIOBAHUS KEPaMUIECKHUX M3/ICIHN MPH ITOMOIIY TOMOrpada MoKa3aiH, YTO TaKOH MeTOJ KOHTPOJIS
KepaMHUYECKUX U3ENUIi MOXKET dPPEKTUBHO OOHAPYKUBATH BKIFOUESHUSI M TPEIIMHEI, JaXKe PACTIONOKESHHBIE
OKOJIO MEITKMX OTBEPCTHIA, M KOTOPBIE He 00HAPYKHUBAIOTCS MPH KOHTPOJIE AIEKTPOUCKPOBBIM MeToAoM. [Ipes-
Jaraercsi MpUMEHEHNe 3aKOHa pactipeneneHus BeiiOya st 6osiee TOYHOTO ONpeNeNIeHUs] MEXaHNIeCKUX
CBOICTB KEpaMHUKH.

KuaroueBble ciioBa: CTaI.IPIOHapHI:II?I TJ1a3MEHHBIH JABUTaTCJIb, KEpaMHUKa, IPOrHO3UPOBAHUC ITPOIYHOCTH.

Jost murupoBanus: [Nepersatko C.B., [1luxanesa FO.H. [ToBeiieHre Haie)KHOCTH OnpeieIeHus 1e()EKTOB npu
W3TOTOBJICHUH JeTajIel N3 KePAMHIECKHX MaTepUaIoB JUIs IIPOU3BOJICTBA JUAIIEKTPHIECKHIX Pa3pSAHBIX KaMep
CTAIlMOHAPHBIX TUIA3MEHHBIX JBHUTraTeNel ¢ ucmoiab3oBaniueM Tomorpada // Bectauk MI'TY «CraHkuny. —
2024. — Ne 4 (71). — C. 27-36.
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S.B. Peretyatko* =, Yu.N. Shikhaleva®

! Kaliningrad State Technical University; 2 JSC EDB “Fakel”
™ Corresponding author

IMPROVING THE RELIABILITY OF DEFECT DETECTION IN THE
MANUFACTURE OF PARTS MADE OF CERAMIC MATERIALS FOR
THE PRODUCTION OF DIELECTRIC DISCHARGE CHAMBERS OF
STATIONARY PLASMA ENGINES USING A TOMOGRAPH

Abstract

proposed for a more accurate determination of the mechanical properties of ceramics.

Keywords: stationary plasma engines, ceramics, strength prediction.

engines using a tomograph. Vestnik MSUT “Stankin”. 2024. No 4 (71). P. 27-36. (In Russian)
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Ceramic materials are used for the manufacture of dielectric discharge chambers of stationary plasma engines
of spacecraft and there are difficulties in predicting the effect of the material at the stages of the product life
cycle. The discharge chamber of the SPE-100 engine is made of high-strength ceramics based on hexagonal
boron nitride obtained by hot pressing in nitrogen at a temperature of 1800 degrees Celsius and a pressure of
35 MPa. According to the technological process of manufacturing the discharge chamber, the ceramic part
is processed. After which defects can be detected on the treated surface. The finished product is subjected to
electric spark control. Additionally, a preliminary strength calculation of the product by the finite element
method is carried out to assess the impact of mechanical loads. A picture of the stress distribution under the
influence of random vibration is shown perpendicular (Y axis) to the plane of the motor mounting. After
analyzing the stress distribution pattern in the product, it can be concluded that the safety margin coefficients
are high and destruction will not occur. However, the experience of JSC EDB “Fakel” shows that the predic-
tion of effect on a material does not always correspond to reality in conditions of mechanical impact on the
product. The presented results of the study of ceramic products uusing a tomograph show that such that
such a control method can effectively detect inclusions and cracks, even located near holes, and which are
not detected during control by the electric spark method. The application of the Weibull distribution law is

For citation: Peretyatko S.B., Shikhaleva Yu.N. Improving the reliability of defect detection in the manufacture
of parts made of ceramic materials for the production of dielectric discharge chambers of stationary plasma
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VIK 621.941 Vestnik MSUT “Stankin”. 2024. No. 4 (71). P. 37-44.

E.B. Apmamonos, A.M. Teepakos, A.C. IlImun >

OI'BOY BO «TroMeHCKHT HHAYCTPUAIbHBIN YHUBEPCUTETY
™ ABTOp AJIsl KOPPECTIOHIEHIINH

UCCINEAOOBAHUE BITUAHNA TEMNEPATYPHOIO ®AKTOPA

HA UBMEHEHUE 3NNEKTPOMAIHUTHOINO MNOJ1IA BUXPEBbIX TOKOB
B CMEHHbIX PEXYLWKUX NMNACTUHAX U3 OOHOKAPBUAHOIO
TBEPOOIO CIJIABA BK8

AHHOTAIUSA

B crarpe npezncTaBieHsl pe3yasTaThl HKCIICPIMEHTOB 110 HCCIICIOBAHUIO BIMSHHS TEMIIEpaTyp OT Harpena
Ha U3MEHEHHUE TapaMeTPOB IEKTPOMATHUTHOT'O TTOJISI BUXPEBBIX TOKOB B CMEHHBIX PEXKYIIUX IUIACTHHAX U3
oHOKapOuaHOTO TBEepIoro ciiaBa BKS, uto cBuaeTenscTBYeT 00 M3MEHEHHSIX CBOMCTB KOOAJIBTa KaK CBS3KH.
C ydetoM 3T0r0 (hakTOpa BOZMOXKHO IIPOTHO3UPOBAHNE ONTHMAJIBHBIX PEXKUMOB PE3aHMs NMPHU TOKapHOI
00paboTKe COOPHBIMHU pe3liaMH 3arOTOBOK U3 TPYIHOOOpabaThIBaeMbIX CILUIABOB U CTaJICH.

KaroueBble ciioBa: TBEPABIC CILIaBbI, pe)lcynmﬁ KJIMH, CMEHHBIC MHOTOTPAHHBIC INTACTUHBI, KOOAJIBT.

Jast nutupoBanusi: ApramonoB E.B., TeepsxoB A.M., llItun A.C. UccienoBanne BIUSHUS TEMIEpaTyp-
HOro (hakTOpa Ha M3MEHEHHE AJICKTPOMArHATHOTO TOJISI BUXPEBBIX TOKOB B CMEHHBIX PEXYILIHX IIACTHHAX
n3 omHokapOuaHoro TBepaoro ciwiasa BK8 // Bectauk MI'TY «Crankuny. — 2024, — Ne 4 (71). — C. 37-44.

E.V. Artamonov, A.M. Tveryakov, A.S. Shtin ™

Tyumen Industrial University
™ Corresponding author

INVESTIGATION OF INFLUENCE OF TEMPERATURE FACTOR ON CHANGE
OF ELECTROMAGNETIC FIELD OF EDDY CURRENTS IN REPLACEABLE
CUTTING PLATES FROM SINGLE CARBIDE HARD ALLOY

Abstract

The article presents the results of experiments to study the effect of the temperature factor on the change in
the electromagnetic field of eddy currents in interchangeable cutting inserts made of single-carbide hard alloy.
The presented studies reveal a change in the electromagnetic field of eddy currents in replaceable cutting plates
made of a single carbide solid alloy and indicate internal changes in Co and its polymorphic transformation
depending on changes in temperature changes.

Keywords: hard alloys, cutting wedge, replaceable polyhedral plates, cobalt.

For citation: Artamonov E.V., Tveryakov A.M., Shtin A.S. Investigation of influence of temperature factor
on change of electromagnetic field of eddy currents in replaceable cutting plates from single carbide hard
alloy. Vestnik MSUT “Stankin”. 2024. No 4 (71). P. 37—44. (In Russian)
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Hayunas cmamos
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VIK 621.941.1 Vestnik MSUT “Stankin”. 2024. No. 4 (71). P. 45-50.

E.IO. Kponomkuna, B./I. I'ypun®, A.Il. Ky3neyoé’, A.A. Ilonosa'™

1 ®I'BOY BO «MI'TY «CTAHKUH»; 2 MI'TY um. H.D. baymana
™ ABTOp IJIs1 KOPPECTIOHIEHIINH

UCCNEQOBAHUE U3MEHEHUA NOBEPXHOCTHOIO CNOSA AETANEN
U3 KOMMNO3ULUOHHbIX CMNIABOB, YIPOYHEHHbIX MOBEPXHOCTHbIM
MITACTUHECKUM OE®OPMUPOBAHUEM

AHHOTaLMS

IIpeacraBieHs! pe3yabTaThl HCCISIOBAHUN BIHMSHUS TOBEPXHOCTHOTO IUIACTUYECKOTO Ne(OPMUPOBAHUS
0OKaTbIBAaHUEM Ha CBOWCTBA U CTPYKTYPY KEJIE30yIIIePOAUCTOrO KOMIO3HIMOHHOTO OPOLIKOBOTO MaTepHraa.

KawueBble ci10Ba: MOBEpPXHOCTHOE ITaCTHYECKOE AeopMupoBaHUe, OOKaThIBAaHHE, KOMIO3HIIUOHHBIT
MTOPOLIKOBBIN MaTepHal, TBepAOCTb, CTPYKTYpa.

Jost umrupoBanus: Kponorkuaa E.YO., I'ypun B.J1., Ky3uenos A.I1., [Tonosa A.A. VccnenoBanre u3MeHEeHHs
MOBEPXHOCTHOTO CJIOS IETaIel 13 KOMITO3UIIMOHHBIX CIUIABOB, YIIPOUHEHHBIX TOBEPXHOCTHBIM IIJIACTUUECKUM
nedopmupoBanueM // Becthuk MI'TY «Crankuny. —2024. — Ne 4 (71). — C. 45-50.

E.Yu. Kropotkina', V.D. Gurin', A.P. Kuznetsov’, A.A. Popova'®

I MSUT «STANKIN»; 2 Bauman Moscow State Technical University
™ Corresponding author

INVESTIGATION OF CHANGES IN THE SURFACE LAYER OF PARTS

MADE OF COMPOSITE ALLOYS STRENGTHENED BY SURFACE PLASTIC
DEFORMATION

Abstract

The results of studies of the effect of surface plastic deformation by rolling on the properties and structure of
an iron-carbon composite powder material are presented.

Keywords: surface plastic deformation, running, composite powder material, hardness, structure.

For citation: Kropotkina E.Yu., Gurin V.D., Kuznetsov A.P., Popova A.A. Investigation of changes in the

surface layer of parts made of composite alloys strengthened by surface plastic deformation. Vestnik MSUT
“Stankin”. 2024. No 4 (71). P. 45-50. (In Russian)
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VYIK 621.735.016.2 Vestnik MSUT “Stankin”. 2024. No. 4 (71). P. 51-59.

B.A. I'peuunminuxos, A.B. Koueg ™

dI'BOY BO «MI'TY « CTAHKHWH»
™ ABTOp /s KOPPECTIOHAEHIMN

NOBbIWEHNE KAYECTBA OEPABOTKU AIETANEN

HA OCHOBE BbIBOPA OMNTUMAIBbHbLIX PEXXUMOB PE3AHUA
AKCMNEPUMEHTANBbHbLIM NYTEM MNMPU NNYHXXEPHOM ®PE3EPOBAHUUN
®PE3AMU C TAHTEHUWAIIbHBIM PACNONOXEHMEM CMIN

AHHOTALMS

W3noxeH METOR U IPEACTABICHBI PE3YIbTaThl IPOBEAEHHOIO HKCIIEPUMEHTA IO BBIABICHUIO 3aBUCUMOCTHU
BIIMSIHUSI PE)KMMOB PE3aHus IPH IUTYH)XEPHOM (hpe3epoBaHUHU Ha MapaMeTphl KauecTBa MOBEPXHOCTHOTO CIIOS
JIETaJv, B X0/1e KOTOPOTO OBbLI ONpe/ieNieH XapaKTep U CTENEHb BIUSHUS PEKUMOB Pe3aHusl, FEOMETPHUYECKUX
rapaMeTpoB HHCTPYMEHTA, CBOMCTB 00pabaTbiBaeMOro Marepuasia i TeMIepaTyphl CPe3aeMoro CJ10s Ha BHICOTY
HepoBHOCTel Ra. BeiOop kpurepust Ra B kauecTBe uccieayeMoil BETMYUHBI IUKTYETCS TEM, YTO OH UMEET
00JIBIIIOE 3HAYEHUE [TPU OLICHKE IIEPOXOBATOCTH IMTOBEPXHOCTH. [IpeayiokeHHBII METOI MOXKHO PEKOMEH/10BaTh
JUTSL pacueTa ONTUMANTBHBIX YCIOBHH (pe3epoBanus IS MOMyYeHHsT HEOOXOANMOI IIepOXOBATOCTH MOBEPX-
HOCTH, MOJTYYEHHON METOIOM ILUTyHXEPHOTO (pe3epoBaHusl mpu 00paboTKe Pppe3amMu ¢ TaHTCHIHATBHBIM
pacronoKeHueM CMEHHBIX MHOTOTpaHHBIX racTiu (CMII).

KitoueBsble ciioBa: riyHKepHast, Gpesa, TAHTCHIHAIBHOE, IIEPOXOBATOCTD, (hpe3epoBaHHE.

Jst nutupoBanus: ['peunnukoB B.A., KoueB A.B. I1oBeieHne kauecTBa 00pabOTKH JeTaeil Ha 0CHOBE
BbIOOPA ONTUMAJIBHBIX PEKUMOB PE3aHUsl KCIEPUMEHTAIbHBIM IIyTeM P IUTyHXEPHOM (ppe3epoBaHUU
¢pesamu ¢ TaHreHuanbHeIM pacnonoxenueM CMII // Bectuuk MI'TY «Crankun». —2024. — Ne 4 (71). —
C. 51-59.

V.A. Grechishnikov, A.V. Kochey *

MSUT “STANKIN”
® Corresponding author

IMPROVING THE QUALITY OF MACHINING PARTS BASED

ON THE SELECTION OF OPTIMAL CUTTING MODES EXPERIMENTALLY
WITH PLUNGER MILLING WITH CUTTERS WITH A TANGENTIAL
ARRANGEMENT OF THE NSR

Abstract

The method is described and the results of an experiment are presented to identify the dependence of the
influence of cutting modes during plunger milling on the quality parameters of the surface layer of the part,
during which the nature and degree of influence of cutting modes, geometric parameters of the tool, proper-
ties of the processed material and temperature of the cut layer on the height of the irregularities Ra were
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determined. The choice of the Ra criterion as the investigated value is dictated by the fact that it is of great
importance in assessing surface roughness. The proposed method can be recommended for calculating optimal
milling conditions to obtain the necessary surface roughness obtained by plunger milling when processing
with cutters with a tangential arrangement of the NSR.

Keywords: plunger, milling cutter, tangential, roughness, milling.

For citation: Grechishnikov V.A., Kochev A.V. Improving the quality of machining parts based on the selec-
tion of optimal cutting modes experimentally with plunger milling with cutters with a tangential arrangement
of the NSR. Vestnik MSUT “Stankin”. 2024. No 4 (71). P. 51-59. (In Russian)

BECTHUK MI'TY « CTAHKWH» Ne 4 (71) - 2024 / VESTNIK MSUT «STANKIN» No. 4 (71) « 2024



2.5.5. TEXHONOIMsi N OBOPYAOBAHUE MEXAHWUYECKOW 1 ®U3WKO-TEXHUYECKOW OBPABOTKM

Hayunas cmamos
Bectauk MI'TY «Crankuny. 2024. Ne 4 (71). C. 60-70.

VIK 621.9.025.7 Vestnik MSUT “Stankin”. 2024. No. 4 (71). P. 60-70.

I'A. Camconenxo, B.A. I'peuuminuxos, A.P. Mupzomaxmyooe =

OI'BOY BO «MI'TY «CTAHKHH»
™ ABTOp 1/ KOPPECTIOHAEHIN

NMPOEKTUPOBAHUE M SKCINYATALUA PE3bBOBbLIX ®PE3
Aanda NnAHETAPHOIO ®PE3EPOBAHUA PE3bb
HA TPYBAX HE®GTAHOIO COPTAMEHTA

AHHOTaNMSA

Crartbsi IOCBAIIIEHA Pa3paboTKe ¥ UCCIIEJOBAHUIO Pe3b00BOH (hpe3bl I IIIaHETapHOro Gpe3epoBanus pe3bd
Ha Tpy0ax, UCIOJIb3yeMbIX B HE(PTSIHOM oTpacinu. Pa3paboTaHHass KOHCTPYKIUS HHCTPYMEHTA YUUTHIBAET
crieluUKy yCIOBUM SKCILTyaTalliy, B YaCTHOCTH BBICOKHE TPEOOBAHNUS K IPOYHOCTHU U IOAATIMBOCTU HHCTPY-
MEeHTa. B cTarbe npoBeaeHb! pacuéThl KPUTHYECKUX IApaMETPOB, BKJIIOUas MUHUMAJIbHbIN AUaMeTp OIPaBKY,
MAaKCHUMAaJIbHYIO JIOIyCTHMYIO Harpy3Ky M BEJIMUUHY OCTATOYHBIX HEPOBHOCTEH Ha 00pabOTaHHOM MOBEpPX-
HocTH. OHUM U3 KJIIOUEBBIX ACHEKTOB SIBISETCS OLCHKA MEXaHU3Ma PETYIUPOBKH MOJOKEHUS pexyIeit
IUIACTUHBI B KOpITyce (Gpe3bl, YTO MO3BOJISIET JOCTUYb BBICOKOM TOYHOCTH 00paboTku. B pabore mpencras-
JIEHBI PE3YIIBTaThl SKCIIEPUMEHTOB C ONBITHBIM 00pa3Ll0M HHCTPYMEHTA, IJIe UCCIIEN0BANIACh €ro (haKTuuecKas
JKECTKOCTb U IOTPEIIHOCTh MEXaHU3Ma O3UIIMOHUPOBAHUS. BbUIO BBISBIEHO, UTO IIPH IIIaHETApPHOM (pese-
POBaHUU HEU30EKHO BO3HUKAIOT OCTATOYHbIE HEPOBHOCTH Ha 00pabOTaHHON MOBEPXHOCTHU U3-32 OCOOEH-
HOCTE! KpUBU3HBI IPOMUIISL pe3b0bl U TPASKTOPUHU IBHKEHUS PexyIlIel uacTH MHCTpyMeHTa. OIHaKO TOUHas
HacTpoiika MeXaHu3Ma PEryIupOBKH MO3BOJIAET 3HAUUTEIBHO CHU3UTh 3TH HEPOBHOCTU. Takxke uccieno-
BaHa MOJATAMBOCTh HHCTPYMEHTAJILHOM CHCTEMBI, YTO 0COOEHHO BaXKHO IPH HCHOJIb30BaHUU UHCTPYMEHTa
B IIOPTaTUBHBIX YCTPOHCTBaX. Pe3ynbraThl SKCIIEPUMEHTOB OKAa3bIBAIOT, YTO KOHCTPYKIUS pa3paboTaHHON
(hpe3bl IpUroHa Jyis IPaKTHYECKOTo IPUMEHEHNS], OAHAKO MUHUMAJIbHBIH BBUIET pabodeil 4uacTH U3 aTpoHa
SIBJIIETCS BaYKHBIM YCIOBHEM JUIs 00€CIIEUEHNsI BHICOKOM XKECTKOCTH cUCTeMBL. IIpeyioxkeHHast KOHCTPYKIUS
COBMeENIAET IPEUMYIIECTBA KaK TOKAPHOTI'0, TaK U (PPEe3epPHOr0 MHCTPYMEHTA, UTO IOBLIIIAET €€ YHUBEPCATIb-
HOCTb U 3G(QEKTUBHOCTH IIPU pe3b0000pa3oBaHUU Ha TPyOax HEPTSIHOIO COpPTaMEHTa.

KuroueBbie ciioBa: pe3nbodpesa, miaHerapHoe Gppe3epoBanue, GppesepoBanue pe3bd, MPOCKTUPOBAHUE
PEXKYIIEro HHCTPYMEHTA.

Jas nutupoBanus: Camconenko I A., I'peunmaukoB B.A., Mup3zomaxmynoB A.P. [IpoextupoBanue
W SKCIUTyaTanus pe3b0oBbIX (pe3 i miaHeTapHoro ¢ppesepoBanus pe3b0d Ha TpyOax He(TIHOrO copTa-
meHTta// Bectauk MI'TY «Crankuny». — 2024. — Ne 4 (71). — C. 60-70.

G.A. Samsonenko, V.A. Grechishnikov, A.R. Mirzomakhmudoy =

MSUT “STANKIN”
® Corresponding author

THREAD MILLING CUTTER FOR PLANETARY MILLING OF THREADS
ON OILFIELD TUBING

Abstract

The article is devoted to the development and research of a thread milling cutter for planetary thread milling
on pipes used in the oil industry. The developed tool design takes into account the specific operating condi-
tions, particularly the high requirements for tool strength and compliance. The article provides calculations of
critical parameters, including the minimum mandrel diameter, maximum allowable load, and the magnitude
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of residual irregularities on the machined surface. One of the key aspects is the evaluation of the mechanism
for adjusting the cutting insert’s position in the cutter body, which ensures high machining accuracy. The
paper presents the results of experiments conducted with a prototype tool, where its actual stiffness and the
accuracy of the positioning mechanism were investigated. It was found that during planetary milling, residual
surface irregularities inevitably occur due to the curvature of the thread profile and the trajectory of the cutting
edge. However, precise adjustment of the regulation mechanism significantly reduces these irregularities. The
compliance of the tool system was also examined, which is particularly important when the tool is used in
portable devices. The experimental results show that the design of the developed cutter is suitable for practical
application; however, minimizing the overhang of the working part from the chuck is a key requirement for
ensuring high system stiffness. The proposed design combines the advantages of both turning and milling
tools, which enhances its versatility and efficiency in threading oilfield pipes.

Keywords: thread milling cutter, planetary milling, thread milling, design of cutting tools.

For citation: Samsonenko G.A., Grechishnikov V.A., Mirzomakhmudov A.R. Thread milling cutter for plan-
etary milling of threads on oilfield tubing. Vestnik MSUT “Stankin”. 2024. No 4 (71). P. 60-70. (In Russian)
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dI'BOY BO «kMI'TY « CTAHKHWH»
™ ABTOp AJIsl KOPPECTIOHIEHIINH

PA3PABOTKA OCHOB METOAOJIOI A NMPOEKTUPOBAHUA
MNAHETAPHbIX MEXAHU3MOB 3K C NPUMEHEHWEM T-FLEX PLM
anga Hyxg CTAHKOCTPOEHUA

AHHOTAIUS

Crarbsi MOCBSIIEHA TPOSKTUPOBAHHIO TUITAHETAPHBIX PEAYKTOPOB 3K ¢ BEICOKOH HArpy304HOM CIIOCOOHOCTHIO
U YIeTbHOW MOIIHOCTBIO, TPUMEHSIEMBIX B Pa3IMUHBIX c(hepax MPOMBIIUICHHOCTH, B YACTHOCTH, B METal-
JIOPEXYIINX CTaHKAaX CO CIOKHON KMHEMAaTHKON. AKTYaJIbHOCTD PaOOThI 3aKIIIOYAeTCs B alTOPUTMHU3AIHN
npolecca MPOSKTHPOBAHUS TUIAHETAPHBIX PEAYKTOPOB 3K Ha OCHOBE HOCTYIHBIX COBPEMEHHBIX CPEICTB
ABTOMATH3UPOBAHHOTO IPOSKTUPOBaHUS. PacCMOTPEHBI pa3IMIHbIE BHBI 3y0UaThIX Mepeaay, IPHMEHIEMbIX
B IUTAHETAPHBIX peayKkTopax 3k, ¥ pacCMOTPEHBI TUIIBI OIOP BAJIOB, IPUMEHIEMBIX B TAKHX PEAYKTOpax.
PaccmoTpena mocienoBarenbHOCTh MPOSKTUPOBAHUS TUTaHETAPHBIX PeIyKTOpoB 3K, HaunHas ¢ pacdera
HArpy3KH, ONpeieIeHHs] KOMITOHOBKH 3y0UaThIX Mepeiad i COOTBETCTBYIOIIHX JIeTaleil KOMIIOHOBKH, a 3aTeM
aHan3 KOHCTPYKUUH. OTMEUEHBI TPYITHOCTH, BOSHUKAIOIIHE IIPH MPOSKTUPOBAHUH, HE TIO3BOJISIOLIHE OCYIIe-
CTBHUTH 3P PEKTHBHBIN pacueT HapsHKEHHO-Ie(OPMIPOBAHHOTO COCTOSHHS OTAEIBHBIX 3JIEMEHTOB IIepe-
Jla9¥ ¥ BO3HHKAIOIIUX B pe3ynbrare Ae(opMaluii, 4T0 IPUBOJUT K TOMY, YTO TOJIBKO Ha UCIBITATEIHLHOM
CTEHJIC WJIM TP NPOMBIIIIICHHON SKCIUTyaTalliy B KadecTBE dJIEeMEHTa BCEro 3y0uaroro mpuBOAa MOXKHO
MPOBEPUTH KBa3MCTaTHUECKOE M JHHAMUYECKOE MOBEICHNE TUIAHETapHOI Nepeavyn B peatbHbIX YCIOBHUSX.
Taxoke OTMEYEHO, YTO TOJBKO COANTaHCUPOBaHHAS MOJIEITb, YUUTHIBAIONIAS BCE HEOOXOIUMBIE YCIOBHS, MOYKET
JIaTh PEeaJMCTHYHbIE ¥ HAJe)KHbIE OLEHKH TUHAMHUYECKUX NedopMmannii, HeoOXonumble s 0€30MacHOTo
MIPOEKTHPOBAHUS JIEMEHTOB MpuBoaa. {1 pa3paboTKy 3y04aToro MexaHu3Ma 0COOSHHO BayKHBIM SIBIISIETCS
HETPEPHIBHBIN aHAJIM3 Ha OCHOBE MPOrPaMMHOTI0 00ECIIeYeHH s, a TAKXKe 00pabOTKa Pe3yJbTaToOB U COXpaHEHHE
JIAHHBIX BIUTOTB JI0 HAOMIONESHUS Ha POTSHKEHUH BCET0 YKU3HEHHOTO [IMKIIA MeXaHu3Ma. [IpuBoquTCs onmcanme
npumenenus nporpaMmmuoro ooecneuenust T-FLEX «3y0uarsie nepenaun» u T-FLEX « Ananu3» 115 pacuera
TUTaHeTApHBIX MexaHm3MOB 3k. Takke IpHBeIeHBI CTaHAAPTHL, TI0 KOTOPBIM PACCUMTHIBAIOTCS TEOMETPHIECKIE
napaMeTpsl M IIPOYHOCTD 3yOUaThIX Meperad, a TakKe MOAIIHITHHKOB ITaHETapHBIX peXyKTopoB 3K. YKassl-
BaeTcs, UTO IUIaHEeTapHas Tepeaada — 3TO MHOTOIIOTOYHAs CHCTEMa, B KOTOPOH CATEIUTUTHI Pa3MeIaroTCs
CHMMETPHYHO OTHOCHTEIBHO TJIABHOM OCH U Ha OIMHAKOBOM PACCTOSIHHY JIPYT OT APYyTa — YCJIOBHE COCEACTBA;
YCTaHOBKA HECKOJIBKHX TMapaJuIeTbHBIX CaTEeUIUTOB, YUCIIO KOTOPBIX MPUHUMAETCS OT 3 10 12, CyIecTBeHHO
YMEHBIIIaeT AuaMeTpaTbHbIE pa3Mepsl IPoeKTHpyeMoit nepenayn. [IpuBenena mocne0BaTeIbHOCTD IEHCTBAN
JUTSL pEeIIeHNns 3aJa9l CHHTEe3a IUIaHeTapHBIX MEXaHU3MOB. PaccMoTpeHa BOZMOKHOCTh MTPOSKTHPOBAHNUS
TUTAHETapHBIX PEAYKTOPOB 3K ¢ HEKPYIIIBIMHU 3y0UaThbIMHU KOJIECaMH, TPUMEHAEMBIMU B MallIHAX-aBTOMATax
JUISL OCYILIECTBIICHHUS TPEPHIBUCTOTO MEPHOTUIECKOTO IBIDKEHUS PadOUUX dIIEMEHTOB. Takue MeXaHU3MBI
SIBJISTIOTCSL YACTHBIM CITy4aeM IUIAHETAPHBIX MEXaHU3MOB C KPYIIIBIMH KOJIECAMH F IMEIOT S/ IPEHUMYIIECTB.
[MpuBonsaTCs GYHKINOHATBHEIE AUArPaMMbI aBTOMAaTH3HPOBAHHOTO POEKTHPOBAHUS TUIAHETAPHBIX PENyK-
TOPOB M METOIMKA ONTHMH3ALIH pacyeTa IIaHeTapHbIX Iepeiad pa3ImyHOi KOMIIOHOBKH.

KuaroueBble ciioBa: IUTaHeTapHas nepeaaia, HJ'IaHeTapHBIﬁ PEAYKTOP, aBTOMAaTU3NUPOBAHHOC IIPOCKTUPOBAHUEC
3y6‘IaTI)IX nepenad.

Jost uurupoBanusi: Co6oner A.H., Hekpacos A.Sl.,PuBkun A.B. PazpaboTka 0CHOB METO/IOJIOTHHU MIPOCKTH-
poBaHus ruiaHeTapHbIX MexaHnu3MoB 3k ¢ npumenennem T-FLEX PLM st Hyx 1 craHkocTpoeHus // BecTHuk
MI'TY «Crankuny». —2024. — Ne 4 (71). — C. 71-85.
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™ Corresponding author

DEVELOPMENT OF THE FUNDAMENTALS OF THE METHODOLOGY
FOR DESIGNING 3K PLANETARY MECHANISMS USING T-FLEX PLM
FOR THE NEEDS OF MACHINE TOOL MANUFACTURING

Abstract

The article is devoted to the design of 3k planetary gearboxes with high load capacity and specific power used
in various industries, in particular in metal-cutting machines with complex kinematics. The relevance of the
work lies in the algorithmization of the design process of 3k planetary gearboxes based on available modern
automated design tools. Various types of gears used in 3k planetary gearboxes are considered and the types
of shafts supports used in such gearboxes are considered. The design sequence of 3k planetary gearboxes is
considered, starting with the calculation of the load, the determination of the gear arrangement and the corre-
sponding parts of the layout, and then the design analysis. The difficulties encountered in the design are noted,
which do not allow for an effective calculation of the stress-strain state of individual transmission elements
and resulting deformations, which leads to the fact that only on a test bench or during industrial operation
as an element of the entire gear drive can the quasi-static and dynamic behavior of the planetary transmis-
sion be checked in real conditions. It is also noted that only a balanced model that takes into account all the
necessary conditions can provide realistic and reliable estimates of dynamic deformations necessary for the
safe design of drive elements. For the development of a gear mechanism, continuous software-based analysis
is especially important, as well as processing the results and storing data up to observation throughout the
entire life cycle of the mechanism. The application of the T-FLEX “Gears” and T-FLEX “Analysis” software
for calculating planetary mechanisms is described 3k. The standards are also given, according to which the
geometric parameters and strength of gears, as well as bearings of 3k planetary gearboxes are calculated. It is
indicated that planetary transmission is a multithreaded system in which satellites are placed symmetrically
relative to the main axis and at the same distance from each other — a neighborhood condition; the installation
of several parallel satellites, the number of which is accepted from 3 to 12, significantly reduces the diametrical
dimensions of the projected transmission. The sequence of actions for solving the problem of synthesis of
planetary mechanisms is given. The possibility of designing 3k planetary gearboxes with non-circular gears
used in automatic machines for intermittent periodic movement of working elements is considered. Such
mechanisms are a special case of planetary mechanisms with round wheels and have a number of advantages.
Functional diagrams of computer-aided design of planetary gearboxes and a methodology for optimizing the
calculation of planetary gears of various layouts are presented.

Keywords: planetary gear, planetary reductor, computer-aided gear design.

For citation: Sobolev A.N., Nekrasov A.Ya., Rivkin A.V. Development of the fundamentals of the method-
ology for designing 3k planetary mechanisms using T-FLEX PLM for the needs of machine tool manufacturing.
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OMNPEOENEHME ONTUMAIIBHOIO ONMEPATMBHOIO BPEMEHU
MPU KOHTYPHOW OBPABOTKE BAJTOB HA TOKAPHbIX CTAHKAX C yny

AHHOTALMS

ARanuzupyercs 3a7a4a IOCTPOESHUS ONITUMAJIBHOTO TeXHoorunyeckoro nporecca (T1I) ¢ momormisio BeIOOpa
cTparerun oOpabOTKH 3arOTOBOK THIIA «Ball», MPH KOTOPOU MOBbIMAcTCs 3PPEKTUBHOCTh H3TOTOBICHHUS
m3nenmii. KimroueBbie criocoObl SKOHOMUH OCHOBHOTO BpeMeHH ObLTH ormucanbl emé B 1950-x rogax. CHmxeHne
MIPOJOIDKUTENILHOCTH Ipou3BoacTBeHHOro nukia (I111) mpu u3roToBneHNN NPOAYKIMH SBISETCS BaXKHEHIINM
HarpaBJIiCHHEM M TIABHOW TCHJICHIIUEH C LIEJBIO0 MOCTOSHHOTO MpupocTa 3Q(HEKTHBHOCTH.

CoBpeMeHHbIE POU3BOJICTBEHHBIE OTPACIIA HENPEPHIBHO pa3BUBAIOTC. B yCIIOBUSAX PHIHOYHOW Cpelbl
B MaIIMHOCTPOEHHH, JICKTPOHHUKE | JIp. chepax mpeodiafarolliMK CTAHOBSATCS OMBITHOE U MEJIKOCEPUIHHOE
MIPOM3BOJICTBA BBUY TOTO, YTO OHH HamOojee rHOKU M MPHCIIOCOONICHBI K YCIOBUSIM KoJeOaHus moTped-
HOCTH B M3TOTOBJISIEMBIX U3ZCIUAX. [IpH MPOEKTUPOBAHUH IITYYHOTO M MEJIKOCEPUIHOTO MPOU3BOICTBA
TUTAHUPOBAHKE U 3aITyCK U3/ICIIHIA B IPOU3BOJICTBO MMEIOT HEMIOCTOSHHBIM XapaKkTep, B OTIIMYKE OT CEPUHHBIX
MIPOM3BOJICTB, B KOTOPBIX KaJICHIAPHBIN TUIaH paboT CTPOro periaMeHTHPOBaH, a K03 (HUIIMEHT 3aKpEILICHHS
onepannii (K, ) menee naru.

[MpemnoxeH aaropuT™, MO3BOJISIOIIIHA ONPENSITUTh ONTHMAIIBHBIN IyTh 00pabOTKH ¢ HANMEHBIIHM Omepa-
THUBHBIM BpeMeHeM. JlocTuraeTcst onpeeneHie ONTUMaIbHOTO KOJIMYECTBa MIPOXO0/I0B My TEM pacuéra orepa-
TUBHOTO BPEMEHH, 3aTPauylBaeMOro Ha 00pabOTKy M MOCIIENYIONHNi aHai3 BO3MOXKHBIX TII n3roToBieHus
neranei. s moaTBep K ACHUS aJeKBaTHOCTH MPEAIaraeMoro ajJropuTMa COCTaBIICH MTOCIIEA0BATEILHBIN PSIJT
pacuéroB B I1O Microsoft Excel, B kauecTBe HCXOAHBIX TAHHBIX MPECTABICHBI rabapUThI 3arOTOBKH U JCTAJIH,
TEXHUYECKHUE XapaKTePUCTUKH PEXKYIIEr0o HHCTPYMEHTa U 000pyIOBaHMs, HA KOTOPOM OCYIIECTBIISIETCS
M3roToBieHue uaenus. [Ipu nporonax ajaropurma rnoxydaeMble 3HaUCHUS BEIMUMHBI ONIEPAaTUBHOTO BPEMEHH
00paboTKH 1Moy(hadpHKaTOB CPABHUBAIOTCS AHATUTHUCCKU M BBISBIISIOTCS ONTHMAJIbHBIC.

KuroueBble cj10Ba: U3roToBI€HHUE BaJIOB, ONEPATUBHOE BpeMs, LIEPOXOBATOCTb, MOLTHOCTb, CTOHKOCTD
HMHCTPYMEHTA, TEXHOJOIHYECKHH npolecc.

Jst nutupoBanus: Boponenko B.I1., Kymuup A.A. Onpenenenue onTUMaNbHOIO OIEPATUBHOIO BpEMEHU
IIpU KOHTYpHOU 00paboTKe BanoB Ha ToKapHbIX cTankax ¢ UITY // Becthuk MI'TY «Crankuny. — 2024. —
Ne 4 (71). - C. 86-93.

V.P. Voronenko, A.A. Kushnir ™

MSUT “STANKIN”
™ Corresponding author

DETERMINATION OF THE OPTIMAL OPERATIONAL TIME
FOR CONTOUR MACHINING OF SHAFTS ON CNC MACHINES

Abstract

The problem of constructing an optimal technological process (TP) by selecting a strategy for processing
workpieces of the “shaft” type, which increases the efficiency of manufacturing products, is analyzed. The key
methods of saving the main time were described back in the 1950s. Reducing the duration of the production
cycle (PC) in the manufacture of products is the most important direction and the main trend for the purpose
of constant increase in efficiency.
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Modern manufacturing industries are constantly evolving. In the conditions of the market environment in
mechanical engineering, electronics and other areas, pilot and small-scale production become predominant due
to the fact that they are the most flexible and adapted to the conditions of fluctuations in demand for manu-
factured products. When designing individual and small-scale production, planning and launching products
into production are of an inconsistent nature, in contrast to serial production, in which the work calendar plan
is strictly regulated, and the operation fixing coefficient (OFC) is less than five.

An algorithm is proposed that allows determining the optimal processing path with the least operational
time. The optimal number of passes is determined by calculating the operational time spent on processing
and subsequent analysis of possible TP for manufacturing parts. To confirm the adequacy of the proposed
algorithm, a sequential series of calculations was compiled in Microsoft Excel software, the initial data being
the dimensions of the workpiece and part, technical characteristics of the cutting tool and equipment on which
the product is manufactured. When running the algorithm, the resulting values of the operational time for
processing semi-finished products are compared analytically and the optimal ones are identified.

Keywords: shaft manufacturing, operating time, roughness, power, tool life, technological process.

For citation: Voronenko V.P., Kushnir A.A. Determination of the optimal operational time for contour
machining of shafts on CNC machines. Vestnik MSUT “Stankin”. 2024. No 4 (71). P. 86-93. (In Russian)
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WCCNEOOBAHWE BO3MOXHOCTWU OBECNEYEHUA NNOCKOCTHOCTHU
ONnA NNOCKUX OETANEN U3 CTANK 08X15H502T (BHC-2)

HA ONEPALIUY TOPLIEEBOIO ®PE3EPOBAHUA

NPU PA3HOU TEPMUYECKOWN OEPABOTKE

C YYETOM MUKPOCTPYKTYPbI

AHHOTANUSA

Pabora HanpapiieHa Ha HcclieJOBaHHE 00eCTICUeHUs IIIOCKOCTHOCTH m3nenuid u3 cranu BHC-2 (08X15HS12T)
Ha OTepaIyy TopLeBoro gppesepoBanus. IIIOCKOCTHOCT — 3TO ITapaMeTp, KOTOPHIH XapaKTepU3yeT Hoyda-
€MYI0 TOUHOCTD TP TOH MJIM HHOIM MeXaHH4YeCKOH 00paboTKe Marepuala B X0/Ie H3rOTOBIICHHUS IeTanu. Takxke
Ha TOYHOCTH U3TOTOBJICHUSI MOJKET BIIMSITH 1 CaM MaTepHall, a IMEHHO, €70 BOCIIPHUMYHMBOCTE K HAKOTUICHUIO
HAaKJIeTIa B CIIOSIX M3IeNHs. MapTeHCUTHBIA KJIacC XPOMOHHKENIEBBIX CTajlel UMEeT BEICOKHE MPOYHOCTHBIE
XapaKTePUCTHKU U KOPPO3NOHHOCTOWKHUE CBOICTBA. TakiKe 3TH CTau ABIAIOTCS TPYAHOOOpadaThIBaeMbIMU
BBUJY HaJIM4HsI OONBIIOTO KOJIMYECTBA JErUPYIOIINX 31eMeHTOB. CTOUT CKa3aTh, YTO IPAMOTHO MO00paHHbIe
PEXUMBI TEPMHUUYECKON 1 MeXaHH4eCcKoH 00pabOTOK CIIOCOOHBI YIydUTh ITapaMeTpbl TOUHOCTH U3TOTOB-
nenus aeraneil. Hakien MoxeT urparh Kak MOJOKUTENBHYIO POJib, TaK U OTpULATENbHYyI0. OTpHuaTensHas
CTOPOHA MOYKET BBIPA3UTHCS B TOM, YTO HPOSBIIIOTCS AedopMannu, KOTOphle MPUBOIAT K Opaky, Mopoi
HEYCTPaHUMOMY, TO €CTb, Pa3HUIA TBEPJOCTH B MOBEPXHOCTHBIX CIIOSAX AT paHee ONMUCAHHBIN dPQEKT.
IMonoxxutenbHast CTOPOHA — 3TO KOMIICHCALHS IOy IE€HHBIX Je(hopMaliiii IPH yCIOBUH OTCYTCTBHSI ITOCIIEY-
roux. B craree npoBeeHo uccienoBanne Ha oOpasuax cranu BHC-2 u npeacraBieHbl 3KCIEpUMEHTAJIbHbIC
JTaHHBIE 3HAUSHUS TAPaMETPOB IJIOCKOCTHOCTH, PEXKUMOB Pe3aHHUs, TapaMeTPOB MUKPOCTPYKTYPBI, HAKJIeTa
U PeKUMOB TEPMHUYECKON 00paOOTKHU NMPH AETEPMUHHUPOBAHHOW MEXaHUIECKOit 00paboTke. CreaHbl BEIBOJIBI
IO TIOJIy4E€HHBIM pe3yIbTaTaM.

KitroueBble ¢J10Ba: KOPPO3HOHHOCTONKAS CTab, (hpe3epHasi 00paboTKa, MEKPOCTPYKTYPa, HAKIIETI, INIOCKOCT-
HOCTb.

s untupoBanus: Konoxsoxusiii 11.1O., Uepkamma C.O., JIsnycos C.I'., Boponenko B.I1. Uccienosanue
BO3MOXHOCTH 00ecIiedeHus MI0CKOCTHOCTH ISl mIockux peraneid u3 cranu 08X15HS2T (BHC-2) nHa
olepalyy TOPLUEBOro (Gpe3epoBaHus NPU Pa3HOU TEPMHUYECKOW 00pPabOTKE ¢ YU€TOM MUKPOCTPYKTYPHI //
Bectauk MI'TY «Crankuny. —2024. —Ne 4 (71). — C. 94-101.

BECTHUK MI'TY « CTAHKWH» Ne 4 (71) - 2024 / VESTNIK MSUT «STANKIN» No. 4 (71) « 2024



2.5.6. TEXHONOIrNA MALWMHOCTPOEHNA

D.Yu. Kolodyazhny', S.0. Cherkashin'*>, S.G. Lyapusov?, V.P. Voronenko"

IMSUT “STANKIN”; 2 MMZ AVANGARD JSC
™ Corresponding author

INVESTIGATION OF THE POSSIBILITY OF PROVIDING FLATNESS

FOR FLAT PARTS MADE OF 08X15N5D2T STEEL (VNS-2)

FOR END MILLING OPERATIONS WITH DIFFERENT HEAT TREATMENT
TAKING INTO ACCOUNT THE MICROSTRUCTURE

Abstract

The work is aimed at investigating the flatness of products made of steel VNC-2 (08H15N5D2T) for end milling
operations. Flatness is a parameter that characterizes the accuracy obtained during a particular machining
of a material during the manufacture of a part. Also, the accuracy of manufacturing can be influenced by
the material itself, namely its susceptibility to the accumulation of riveting in the layers of the product. The
martensitic class of chromium-nickel steels has high strength characteristics and corrosion-resistant proper-
ties. They are also difficult to process due to the presence of a large number of alloying elements. It is worth
saying that well-chosen modes of thermal and mechanical treatments are able to improve the parameters of
precision manufacturing of parts. The slant can play both a positive and a negative role. The negative side
may manifest itself in the fact that deformations occur, which sometimes lead to irreparable connection, that
is, the difference in hardness in the surface layers gives the previously described effect. The positive side is
the compensation of the resulting deformations, provided there are no subsequent ones. The article conducted
a study on VNS-2 steel samples and presented experimental data on the values of flatness parameters, cutting
modes, microstructure parameters, riveting and heat treatment modes during deterministic machining. Conclu-
sions are drawn based on the obtained results.

Keywords: corrosion-resistant steel, milling, microstructure, slant, flatness.

For citation: Kolodyazhny D.Yu., Cherkashin S.O., Lyapusov S.G., Voronenko V.P. Investigation of the
possibility of providing flatness for flat parts made of 08X15N5D2T steel (VNS-2) for end milling opera-
tions with different heat treatment taking into account the microstructure. Vestnik MSUT “Stankin”. 2024.
No 4 (71). P. 94-101. (In Russian)
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TEXHONOInA n3rotoBiEHNUA NNACTUKOBBIX 3D-NMEYATHbLIX
WHCTPYMEHTOB [Nl BO3AYLUHOW T’MBEKWU METANNA

AHHOTALMSA

B paboTte npuBeieHbI pe3ylibTaThl SKCIEPUMEHTAIBHOTO HCCIICIOBAHMUS TIJIACTHKOBBIX MTyaHCOHOB M MAaTPHII
u3 [TJTA ass BO3AYIIHOM MMOKH, MOMYYCHHBIX ¢ TOMOIIBI0 3D-1mevaTu mpoieccoM SKCTPY3UH MaTepHaioB.
[Tpu 3D-nieyatit HHCTPYMEHTBI PACTIONATraIUCh B PA3HBIX MOJOKEHHUSIX OTHOCUTEIBHO IIAaT(OPMBI TIOCTPO-
SHUSI IS TIOJTyYCHHSI pa3HOH aHU30TPOITHH C I[EIIbIO BBISBICHHUS B3aMMOCBSI3eH MEXKIY PACIIONIOKEHUEM Ha
aTGpopMe MOCTPOCHUS U MAKCUMAJIbHOM BhIIEpPKHBaeMON Harpy3koil. C MOMOIIbIO ITyaHCOHOB M MaTPHII
OCYIIECTBIIsLIACh THOKA JINCTOBOTO METaJlIa TOMIIHUHON 2, 3 1 4 MM. [To MONMydeHHBIM pe3yibTaTaM JaHbl
PEKOMEH/IAIINH 110 BBIOOPY PACIIOIOKEHHS HHCTPYMEHTOB Ha ru1aThopMe MOCTPOeHusl B poriecce 3D-meyaru.

KiroueBblie ci1oBa: rudka JIMCTOBOTO MeTaia, FTHO0YHBIE HHCTPYMEHTHI, alAUTHBHOE ITPOU3BOICTBO,
3D-nevars, TEXHOIOTMH TPOU3BO/ICTBA, SKCTPY3Us MaTepUaa.

Jnsa nutuposanus: uneiiko A.A., IIpeoGpaxenckas E.B. TexHonorus U3roToBaeHUs MIACTUKOBBIX
3D-ne4aTHbIX UHCTPYMEHTOB I BO3MyLIHOM rubku Meranna / Becthuk MI'TY «Crankuny. — 2024. —
Ne 4 (71). - C. 102-109.

A.A. Shileyko =, E.V. Preobrazhenskaya

RTU MIREA
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MANUFACTURING TECHNOLOGY OF PLASTIC 3D PRINTED TOOLS

FOR AIR

BENDING OF METAL

Abstract

The paper presents the results of an experimental study of plastic punches and dies made of PLA for air
bending obtained using 3D printing by the extrusion process of materials. During 3D printing, the tools
were positioned at different positions relative to the build platform to obtain different anisotropy in order to
identify relationships between the positioning on the build platform and the maximum load withstanding.
Bending of sheet metal with thicknesses of 2, 3 and 4 mm was carried out using punches and dies. Based
on the results obtained, recommendations on the choice of tool arrangement on the build platform in the 3D
printing process are given.

Keywords: sheet metal bending, bending tools, additive manufacturing, 3D printing, production technology,
material extrusion.
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PA3BUTUE U CTAHOAPTU3ALUA TEPMUHONOMMYECKOW BA3blI
B OBJIACTU LM®POBOM NPOMbILUNTIEHHOCTH

AHHOTaNUSA

Crartbsl IoCBAIIEHa Ipo0eMe Pa3BUTUS U CTAaHAAPTU3ALUHN TEPMUHOIOTHYECKON 0a3bl, MMEIOIECH Ba)KHOE
3HAYEHHUE JUI yNpaBiIeHus IpoleccaMy HUpoBoi TpaHcopMaIK U CO3MaHusI IU(GPOBBIX NIPOU3BOACTB
B OT€YECTBEHHOM MPOMBIIIIEHHOCTH. Ha 0OCHOBe aHanu3a Hay4YHO-TEXHUUYECKOH JIUTEpaTypbl U MEKAyHa-
POIHBIX CTaHAAPTOB OTMEUEHBI IPOOJIEMBbI, CBSI3aHHBIE ¢ (POPMUPOBAHUEM OHTOJIOTHH U CHCTeMaTH3anuen
TEPMHMHOJIOTHH B 3TOH BaXKHOW U TMHAMHUYHO Pa3BHUBAIOLIEHCS MpeAMETHON 00nacTu. B nensax paspaboTku
HOBOH CHCTEMbI HallMOHAJIBHBIX CTAHAAPTOB B 00JIaCTH II(POBOI IPOMBIIIITIEHHOCTH NIPOBEIECHO HCCIIEN0-
BaHUE, TO3BOJIUBIIIEE CUCTEMAaTU3UPOBATh 0a3y Ul Pa3BUTHUS OHTOJIOTMU U oOecleueHus: paboT 1Mo CTaH-
Japtu3anuu. Pa3BuTHe TEPMUHONIOTUY B 001acTH 1U(POBOI NPOMBIIIIICHHOCTH CBA3aHO C KOHIIETIHEH
Wnpnyctpun 4.0 u coznanuem rioccapusi, peCTaBIeHHOTO Ha HEMEIIKOM 1 aHIJIMHCKOM SI3bIKaX U, B IIOCIETy-
IOIIEM, IUPOKO HCIIOIb30BAHHOM IIPH Pa3pabOTKe MHOTUX MEXIYHApOIHBIX CTaHAapToB. Ha ocHOBe aHamM3a
B3aMMOCBSA3H U HACJIEI0BaHUA TEPMUHOB aBTOPaMH pa3paboTaH BapHaHT IIIOCCAPHs HAa PYCCKOM S3BIKE,
IIPUMEHSEMBIH U151 Oosee ITyOOKOro MOHMMaHUS MOJIETIH apXUTEKTyphl YMHOTO npou3soacTea (RAMI 4.0)
U CBS3aHHBIX C HEW MEKAYHAPOAHBIX CTaHAAPTOB.

Ha ocHOBE BBIIIOJIHEHHBIX HCCIIENOBaHUI chopMyIHpoBaHa TEPMUHOJIOTHYECKUH 6a3a, oOecneunBaromast
CHCTEMaTH3UPOBAHHOE PA3BUTHE OHTOJIOTUU U Pa3pabOoTKy HALMOHAIBHBIX CTAaHIapTOB B 001acTH HU(POBOI
MPOMBIIIJIEHHOCTH, TAPMOHU3UPOBAHHBIX C MEXKAYHAPOIHBIMY CTAHJAPTAMM U BKJIIOYAIOIIUX LB Psl
HOBBIX OCHOBOIOJIATAIOIIMX TEPMUHOB AJIsI TU(POBOH TpaHCHOPMALIUM OT€UECTBEHHOM IPOMBIIITIEHHOCTH.

KuaioueBble cioBa: 1udpoBasi IPOMBIIUIEHHOCTD, CTAHAAPTU3AINS, OHTOJIOTHSI, TEPMUHBI, ONPEICIICHHS,
TmIIoccapu.
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Hojorudeckoi 6assl B 061actu nudposoil npomsiiienHocty // Becthuk MI'TY «Crankun». — 2024, —
Ne 4 (71). - C. 110-117.
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DEVELOPMENT AND STANDARDIZATION OF THE TERMINOLOGY BASE
IN THE FIELD OF DIGITAL INDUSTRY

Abstract

The article is devoted to the problem of development and standardization of the terminology base, which is
important for managing the processes of digital transformation and creating digital production in the domestic
industry. Based on the analysis of scientific and technical literature and international standards, problems
associated with the formation of ontology and systematization of terminology in this important and dynami-
cally developing subject area are noted. In order to develop a new system of national standards in the field of
digital industry, a study was conducted that made it possible to systematize the basis for the development of
ontology and ensuring standardization work. The development of terminology in the field of digital industry
is associated with the concept of Industry 4.0 and the creation of a glossary presented in German and English
and, subsequently, widely used in the development of many international standards. Based on the analysis of
the relationship and inheritance of terms, the authors developed a version of the glossary in Russian, used for
a deeper understanding of the smart manufacturing architecture model (RAMI 4.0) and related international
standards.

Based on the completed research, a terminological base has been formulated that ensures the systematic
development of ontology and the development of national standards in the field of digital industry, harmonized
with international standards and including a number of new fundamental terms for the digital transformation
of domestic industry.

Keywords: digital industry, standardization, ontology, terms, definitions, glossary.
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ABTOMATU3ALNA NMPOLIECCOB YMNPABJIEHNA ®OPMUPOBAHUEM
CTPYKTYPbI B YCNOBUAX NMUTbA C KPUCTANNU3ALMUEN
nog OABNEHUEM

AHHOTALMSA

VYnpasienue GopMUPOBaHHEM CTPYKTYPHI M CBOMCTB OCHOBAHO Ha MCIIOIB30BaHUU 3aBUCHMOCTH CKOPOCTH
OXJIQXKICHHS METaJllIa OT BeJIMYMHBI HAKJIa[bIBACMOTO JIaBicHUs. TeopeTHUECKH 000CHOBAHO, YTO PEKUMBI
HAJIOKCHUS JTABJICHHS, BIMSIONINE HA HHTCHCUBHOCTh OTBO/IA TEIIOTHI, XapaKTEPU3YIOT MEKATOMHBIC CBS3H
Y aTOMHO-DJIEKTPOHHBIE B3aUMOJIEHCTBHS B MeTaJIe. YCTAaHOBIIEHO, YTO, U3MEHSISI CKOPOCTh W BEITHUHUHY
HAKJIaJ[bIBAEMOT'0 JaBJICHHUS, a TaKXKe TeMIIepaTypHbIe apaMeTpbl 00pabOTKH, MOXKHO yNPaBIATH HOPMH-
POBaHUEM CTPYKTYpPHI B HAlPaBJICHUHU JOCTHKCHUS TPEOYyEeMOro COUeTaHUsI CBOMCTB CIUIABOB HA OCHOBE
amomuHust. [IpeyiokeHa MaTeMaTiIecKasi MOJIEb, YUUTHIBAIOIIAs ITPOLIECC TEIIO0OMEHA MEXK/TY 3aJTBACMbIM
MeTaioM u Gpopmoii. Mosiesb BKIIIOYAeT 3aBUCUMOCTh MTPOIOJIKUTEILHOCTH 3aMoJIHEHHUS pecc-()OpMBbI
OT XapakTepa MOTOKa JKUIKOrO MeTaia (aucnepcHoro). Pa3paborana cxema MoJAroTOBKH YIPABISIONICH
MPOrpaMMbl M CTPYKTYPHAsI cXeMa KOMITBIOTEPHOM CHCTEMBI YITPABJICHHUS MPOIIECCOM JIUThS C KPHCTAJLIH-
3anuedt moj AaBieHHEeM, oOecieunBaroiias coop u 00paboTKy TOCTOBEPHOH MHPOPMAIIUH O TTapamMeTpax
00pabOTKH ¢ BO3MOXKHOCTBIO CBOCBPEMEHHOM UX KOPPEKIIHH.

Ki1ioueBblie ciioBa: KOMIbIOTEPHAs CUCTEMA YIIPABJIECHUS, YIPABIIAIOILAs IPOrpaMMa, KOHTPOJIb TapaMeTPOB
YHpaBJIeHHsl, KOPPEKLMS, JINThE C KPUCTAIUIN3ALMEN IO/ AaBIEHUEM, CKOPOCTb KPUCTAIIIU3ALIUY.

Jst nutuposanus: Jlenucos M.C., Ilerpemun JI.11., Ye6otapes I1.A., JlaBbinoB K.E., Jlesuna C.M. ABTo-
MaTH3aLus IPOLIECCOB yIpaBieHUs (JOPMUPOBAHUEM CTPYKTYPbI B YCIOBUSIX JIUThSL C KPUCTAILIM3ALMEN O]
nasienueM // Bectauk MI'TY «Crankuny». —2024. — Ne 4 (71). — C. 118-125.
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AUTOMATION OF THE STRUCTURE FORMATION CONTROL PROCESS
IN CONDITIONS OF INJECTION MOLDING WITH CRYSTALLIZATION

Abstract

The control of the formation of the structure and properties is based on the use of the dependence of the
cooling rate of the metal on the magnitude of the applied pressure. It is theoretically justified that the pres-
sure regimes affecting the intensity of heat dissipation characterize interatomic bonds and atomic-electronic
interactions in a metal. It has been found that by changing the speed and magnitude of the applied pressure, as
well as the temperature parameters of the treatment, it is possible to control the formation of the structure in
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the direction of achieving the required combination of properties of aluminum-based alloys. A mathematical
model is proposed that takes into account the heat transfer process between the poured metal and the mold.
The model includes the dependence of the duration of filling the mold on the nature of the flow of liquid metal
(dispersed). A control program preparation scheme and a block diagram of a computer control system for the
injection crystallization casting process have been developed, which provides the collection and processing
of reliable information about processing parameters, with the possibility of timely correction.

Keywords: computer control system, control program, control parameter control, correction, injection molding,
crystallization rate.
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