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'MI'TY um. H.D. Baymana; 2 000 «U1] «KKAMA3»; > MAU; * MOCKOBCKH# MOJTUTEXHUIECKUN YHUBEPCUTET
™ ABTOp 1/ KOPPECTIOHAEHIMN

METO[ YNPABJIEHNA CKOPOCTbIO B CUCTEMAX NOMOLLIN
BOOUTENIO C UCMOJIbSOBAHUEM AKTUBHOI'O YINPABIEHUA
NMOOABJIEHUEM NMOMEX

AHHOTAIUS

B nanHOI#1 cTaThe 00BEKTOM HCCIIEOBAHUS SIBISIETCS YIIPABICHHE CKOPOCTHIO B CHCTEME ITOMOIIIY BOIUTEIIO.
CucreMa NOMOIIX BOTUTENIO IPENCTAaBIseT cO00H criocod ONTUMH3ANNU OBEACHHS BOAUTENS C HENbI0
YMEHBIIEHHS KOJMUECTBA MOTEHIINAIBHO ONACHBIX CHTYAIlMid Ha gopore. MeToJ akTHBHOTO yIIPaBICHUS
nonasieHueM momex (AVYIIIT) ucronb3yercs A MPOSKTHPOBAHUS KOHTPOJUICPOB JIJISl CUCTEM C HEH3-
BECTHOH IWHAMUKON M BHEITHHMH IOMEXaMH, TAKIMH, KaK U3MEHEHHE MacChl TPAHCIIOPTHOTO CPEACTBA
1 U3MEHEHUs AOpOXKHOI 00cTaHOBKH. OCHOBHOW MPHUHIMII pabOTHl METO/A 3aKJIIOUAETCS B aJallTHBHOM
W3MEHEHUH IapaMeTPOB PETYIATOPA B 3aBUCHMOCTH OT YCJIOBHUI pabOTHI cucTeMsl. B pabore paccmarpu-
BaeTcs NMPUMEHEHNE METOa aKTHBHOTO ITOJABICHHUS ITOMEX Ul YIPaBICHHUS TPAHCIIOPTHBIM CPEACTBOM
(TC), mockonbKy OCHOBHAs TPOOIEMa CYIIECTBYIOIIMX METOAOB 3aKJII0YAeTCsl B MaJloW afanTUBHOCTH
CHUCTEMBI K U3MEHSIOIINMCS TOPOKHBIM YCJIOBHSIM JIM OTCYTCTBHH alanTuBHOCTH. PaboTa BRIMONTHEHA
B MaTeMaTH4YecKoM Iakere Matlab, a ucmibITaHus IPOBENEHBI ISl TPAHCIIOPTHBIX CPEACTB C Pa3IHIHON
Maccoil. Pe3ynbsraTsl MpoBeIeHHBIX HCCIIEIOBAHNH ITOKAa3BbIBAIOT, YTO METO/] IPUMEHHUM K CHCTEME YIIpaB-
JIEHUSI CKOPOCTHIO TPAHCIIOPTHOTO CPEACTBA, HECMOTPSI HA HMEIOIUECS HEOIPEIeICHHOCTH B MOJISIIN WIIH
npu u3Menenun maccel TC.

KuroueBbie c10Ba: CHCTEMBI OMOIIY BOAUTEIIO, METOJ aKTHBHOTO YIPABJICHUS MOAABICHUEM IIOMEX,
aBTOMOOWIIbHAs MEXaTPOHMKA, AUHAMUYECKas MOJIEIb TPAHCIIOPTHOTO CPEACTBA, POOACTHOE yIPaBICHUE
CKOPOCTBIO.

Jnsa nurupoBanmsi: Baccyd S3an, Tapacenko A.B., Ocun /1., Cepedpennsiit B.B. Meron ynpasienus
CKOPOCTBIO B CHCTEMax MOMOIIIH BOIUTEIIIO C HCIIOJIb30BaHNEM aKTUBHOT'O YIIPABJIEHHs II0/1aBI€HUEM ITOMeX
// Bectauk MI'TY «Crankun». — 2024. — Ne 1 (68). — C. 8-16.
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Yazan Wassouf >, A.V. Tarasenko®3, D. Osin**, V.V. Serebrenny’

! Bauman Moscow State Technical University; > LLC “IC “KAMAZ”; *MALI, * Moscow Polytechnic University
™ Corresponding author

A METHOD OF SPEED CONTROL IN DRIVER ASSISTANCE SYSTEMS
USING ACTIVE DISTURBANCE REJECTION CONTROL

Abstract

In this article, the object of research is speed control in the driver assistance system. The driver assistance
system is a way to optimize driver behavior in order to reduce the number of potentially dangerous situa-
tions on the road. The active disturbance rejection control (ADRC) method is used to design controllers for
systems with unknown dynamics and external interference, such as: changes in vehicle weight, and changes
in road conditions. The basic principle of the method is to adaptively change the parameters of the regulator
depending on the operating conditions of the system. The paper considers the application of ADRC for vehicle
control, since the main problem of existing methods is the low adaptability of the system to changing road
conditions or the lack of adaptability. The work was performed in the Matlab mathematical package, and
tests were carried out for vehicles with different weights. The results of the conducted research show that the
method is applicable to the vehicle speed control system, despite the existing uncertainties in the model or
when changing the mass of the vehicle.

Keywords: advanced driver assistance systems (ADAS), active disturbance rejection control (ADRC), mecha-
tronics of vehicle, dynamic vehicle model, robust speed control.

For citation: Wassouf Yazan, Tarasenko A.V., Osin D., Serebrenny V.V. A method of speed control in driver
assistance systems using active disturbance rejection control // Vestnik MSUT “Stankin”. 2024. No 1 (68).
P. 8-16. (In Russian)

BECTHUK MI'TY « CTAHKW/H» Ne 1 (68) - 2024 / VESTNIK MSUT «STANKIN» No. 1 (68) « 2024



2.5.4. POBOTbIl, MEXATPOHWNKA N POBOTOTEXHUYECKUE CUCTEMbI

Hayunas cmamos

Bectauk MI'TY «Craukuny. 2024. Ne 1 (68). C. 17-26.
YK 004.896 Vestnik MSUT “Stankin”. 2024. No. 1 (68). P. 17-26.

HU. Ancpapeu®, B.A. Henamoes

dI'BOY BO «MI'TY « CTAHKHWH»
™ ABTOp 1/ KOPPECTIOHAEHIMN

PELLEHUE OEPATHON KNUHEMATUYECKOW 3ALAYM
anAa MAHUMYNATOPA C WHECTbIO CTENEHAMU NOABUXHOCTU

AHHOTAIUS

B nmaHHO# cTarhe MpeAcTaBiIeH aNrOPUTM pellieHHs OOpaTHOW 3a/1aui KHHEMAaTHKH MaHHITYJISIHOHHOTO
poboTa. AJITOPUTM CTPOUTCS C KCIOIB30BAHUEM T€OMETPHUYECKOTO H alredpandeckoro MeToaoB. [1pu Takom
nozxoe oOparHasi KWHeMaTH4YecKas 3aa4a O MOJIOKEHHU pa30uBaeTcs Ha JBe MO/A3a1aud. JTO COKpaIlaeT
TPYZOEMKOCTh KHHEMAaTHYECKOTO aHaJIM3a MaHHITYIISITOPA.

Ienb cTaThu — U3JOKUTH TEOMETPUUECKHI U alreOpandecKuil pacyeT 0OpaTHO KHHEMATHKHU IS 4aCTO
HCIIONIB3YEMOT0 IPHMepa KOMIOHOBKY IPOMBIIIIEHHOTO PO00Ta C MIECTHIO CTETICHSIMH HOIBIKHOCTH, a TAKKE
CPaBHHUTH HHTEPIOJISIIHIO 000OMIEHHBIX KOOPIMHAT IIOJIMHOMAMHU TPEThel U IATOH CTeleHe .

KioueBbie ciioBa: MaHUIYISATOp, OOpaTHas 3a/1aua KHHEMaTHKH, TEOMETPUYECKUI METO/, alareOpanyeckui
METO/I, AJITOPUTM, TPACKTOPHSL.

Juis muruposannst: Andapsu 1., Urnarses B.A. Pemenne o6paTHO# KnHeMaTHIeCKOH 3aJaq ISt MaHHITY-
JSITOpa ¢ MIeCThIO cTeneHs MU noaBmkHocTH // BectHuk MI'TY «Crankuny. —2024. — Ne 1 (68). — C. 17-26.

1. Alfarwi™, V.A. Ignatiev

MSUT “STANKIN”
™ Corresponding author

SOLUTION OF THE INVERSE KINEMATIC PROBLEM
FOR A MANIPULATOR WITH SIX DEGREES OF FREEDOM

Abstract

This article presents an algorithm for solving the inverse problem of the kinematics of a robot manipulator.
Algorithm is constructed using geometric and algebraic methods. With this algorithm, the inverse kinematic
problem is divided to subproblems. This reduces the complexity for kinematic analysis of the manipulator.
The purpose of this article is to present the geometric and algebraic calculation of inverse kinematics for a
commonly used example industrial robot with 6 degrees of freedom, as well as a comparison of the interpola-
tion of generalized coordinates by polynomials of the third and fifth degrees.

Keywords: manipulator, inverse kinematics problem, geometric method, algebraic method, algorithm, trajec-
tory.

For citation: Alfarwi 1., Ignatiev V.A. Solution of the inverse kinematic problem for a manipulator with six
degrees of freedom // Vestnik MSUT “Stankin”. 2024. No 1 (68). P. 17-26. (In Russian)
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C.A. Cooonvnuroe™, H.A. Kynukoe

®OI'BOY BO «MI'TY «CTAHKWH»
™ ABTOp 1/l KOPPECTIOHAEHIN

AETEKTUPOBAHUE U OLIEHKA NMONOXEHUA
YOANEHHbIX BEPTUKAIIbHO PACIMONOXEHHbIX
OCECUMMETPUYHBIX OB bEKTOB POEOTOM

MO BUAEOU3OBPAXEHUIO

AHHOTaNUSA

[TpuBenen aHanu3 METOAOB OLICHKH ITOJIOXKEHNUS M OPUEHTAIH 00BEKTOB B IIPOCTPAHCTBE 10 BUIECON300pa-
XKeHUI0. B pesynbrare, onpenenaeHsl NpeuMyLIECTBa U HEAOCTATKH Ka)KJOTO U3 MPEUIOKEHHBIX METO/IOB,
U IPUHATO pelIeHre 00 MCIOIb30BAaHMH MAIINHHOTO O0YyUYeHHS 3a CUET €ro OBICTPOAEHCTBHUS, TOYHOCTH
U YCTOMYMBOCTH K OKKJIIO3HU. [Ipeaoxena CTpyKTypa IBYXypOBHEBOH CHCTEMBI JIOKAJIN3AIMHA OOBEKTOB
M0 BHJICOU300paXKEHUIO JIJIsi MOOMIIBHBIX poOOTOB. [lepBhlil ypOBEHb OTBEUAET 3a OIpe/elieHuEe Kypca
W TUCTAHIMHU 10 00BEKTa, YTO 00ECIeYrBacT epeMelleHre maccu podora Kk 00beKTy. BTopoii ypoBeHb
pemaer 3agady OonpenesieHHs MOJ0XKEHHsI U OPUEHTALUN 00BEKTa B CHCTEME KOOPAHHAT poOoTa AJIs €To
3axBara, yAepKaHUs U IepeMeIIeHUs] MAHUIYISITOPOM. AJITOPUTMBI, HCIIONb3yeMble Ha 000MX YPOBHSIX,
OCHOBaHBI Ha CBEPTOYHOI HelipoHHOM ceTn apxutekTypsl EfficientPose. [Ins onpenenenust AucTaHIMN
u kypca apxutektypa EfficientPose Obu1a MonuduupoBaHa ¢ 1eibio CHUKEHUS BBIYMCIUTENBHBIX 3aTpar
C COXpaHEHHEeM TOUHOCTH. Moanukanus 3aKiIio4anach B UCKIIOYEHUN MOLYJIS ONIPEeICHNs] OPHEHTAlluU
00BEKTOB, a TAKOKE B 3aMEHE MOAYJIS ONpeieTIeHHUsI KOOPANHAT KIIIOUEBBIX TOUEK 00BEKTa Ha MOAYIIb ONIpee-
JIEHUS] KOOPJMHAT OrPaHUYMBAIOIIETO IPIMOYTOJIbHIKA 00beKTa Ha n300paxeHuu. Kpome Toro, 6611 paspa-
60TaH reHepaTop CUHTETHUECKOTro Habopa JaHHBIX, aganTupoBaHHbli 11 CHC ¢ MogudunupoBanHoi
APXHUTEKTYPOU, U CKOPPEKTUPOBAH MEXaHM3M pacuera OIMOKHU B mpoiecce o0ydeHus. Moaupukanuu
[I03BOJISIIOT ONPEAETATh AUCTAHIIMIO U KypC 10 00beKTa Ha paHHEM 3TaIle ero OOHapyXKeHHs, a TaKKe 1eTeK-
TUPOBATh HECKOJIBKO OOBEKTOB OAHOBPEMEHHO IIPU OTPAHUUEHHBIX BEIYUCIUTEIBHBIX pecypcax 00pPTOBBIX
cpenctB poboTa. [IpuBeaeHs! pe3ynbTaThl SKCIIEPUMEHTATIbHBIX UCCIEI0BAHUM, KOTOPBIE AEMOHCTPUPYIOT
JIOCTaTOYHYIO TOYHOCTb, OBICTPOACHCTBUE U HAC)KHOCTh IBYXYPOBHEBON CHCTEMBI JIOKAIU3ALUN IS
OCYILECTBIICHUS 3aXBaTa 0OBEKTOB.

KioueBble cj10Ba: cucTeMa TEXHUIECKOTO 3pEHHS, HEHPOHHbIE CETH, MOOWIbHAsE pOOOTOTEXHHKA.
Jonst uurupoBanus: Co6onbHukoB C.A., KynukoB H.A. JlerekTrpoBaHHe U OIICHKA MOJIOKEHHS YIaJICHHBIX

BEPTUKAJILHO PACIIONOKEHHBIX 0CECUMMETPUYHBIX 00BEKTOB POOOTOM 110 BUACOM300pakeHHI0 // BecTHHK
MI'TY «Crankuny. —2024. — Ne 1 (68). — C. 27-35.
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S.A. Sobolnikov™, N.A. Kulikov

MSUT “STANKIN”
™ Corresponding author

DISTANT AXISYMMETRIC VERTICAL OBJECTS DETECTION
AND POSE ESTIMATION BY ROBOT USING A VIDEO IMAGE

Abstract

An analysis of methods for object’s position and orientation estimating based on video imagery is provided.
As aresult, the advantages and disadvantages of each proposed method have been identified, and a decision
has been made to use machine learning due to its speed, accuracy, and robustness against occlusion. The
structure of a two-level system for localizing objects by video image for mobile robots is proposed. The first
level is responsible for determining the course and distance to the object, which ensures the robot chassis
movement towards the object. The second level solves the task object’s position and orientation determining
in the robot’s coordinate frame for its capture, retention, and manipulation by the manipulator. The algorithms
used at both levels are based on the EfficientPose convolutional neural network architecture. To determine
distance and course, the EfficientPose architecture was modified to reduce computational costs while preserving
accuracy. The modification involved excluding the orientation module and replacing the object’s keypoints
coordinates determining module with a module for object’s bounding rectangle coordinates determining.
Additionally, a synthetic dataset generator was developed, adapted for the modified architecture, and the
error calculation mechanism in the training process was adjusted. These modifications make it possible to
determine the distance and course to an object at an early stage of its detection, as well as detect several
objects simultaneously with limited computing resources of robot’s onboard systems. Experimental research
results are presented, demonstrating sufficient accuracy, speed, and reliability of the two-level localization
system for object grasping.

Keywords: vision system, neural networks, mobile robotics.

For citation: Sobolnikov S.A., Kulikov N.A. Distant axisymmetric vertical objects detection and pose esti-
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E.B. Apmamonos, B.A. Bacunvxkosuu, M.O. Yepuviuoe™, T.E. Kocmue, M.X. Ymeuiee

OI'BOY BO «TroMeHCKH HHAYCTPHATBHBIN YHUBEPCUTETY
B ABTOp ISl KOPPECTIOHACHIIUK

MOBbIWEHMNE PABOTOCMOCOBHOCTU CBOPHbIX LUNMMHAPUYECKUX
®PE3 3A CYET PACMNOJIOXEHUA MHOIOIrPAHHbIX MITACTUH
MO BUHTOBOW NIUHAM C BO3MOXHOCTbIO PEFYNIUPOBKU YIMA w

AHHOTaUUSA

B crarbe faH aHaIM3 AMHAMHKY IIpoliecca (hpe3epoBaHus HIIHHIPHIECKUMU COOPHBIMU (pe3aMu ¢ pPacromo-
’KEHHEM MHOTOTPAHHBIX IUTACTHH 110 BUHTOBOH TMHUY. BBIsBIEeHA CTETeHb BIUAHHS yIila HAKIIOHa BUHTOBOH
JIMHUH Ha PaBHOMEPHOCTH Iporiecca GppezepoBaHust U ycuituit pe3anus. [Ipencrapnena KOHCTPYKIHU COOPHOM
(hpe3bl NOBBIIEHHONH pabOTOCIIOCOOHOCTH € TOUKHU 3PEHUSI CTOMKOCTH U PaBHOMEPHOCTH (pe3epoBaHuUsL.

KnioueBble c10Ba: paboTocriocoOHOCTb, COOPHBIE IMIHHAPUUECKUE (Ppe3bl, PEXyIHe TBEPAOCIIABHbIC
3]IEMEHTBI, BUHTOBAS JIMHUSL.

Jast uurupoBanus: Apmamonos E.B., Bacunvkoeuu B.A. , Yepuviuwios M.O., Kocmug TE., Ymewes M. X.
[MoBbIIeHHE PAGOTOCTIOCOOHOCTH COOPHBIX IIITHHIPUICCKUX (DPe3 3a CUET PACIOIOKESHUS MHOTOTPaHHBIX

IJIACTHH 10 BUHTOBOW JIMHUU C BO3MOXHOCTBIO peryinupoBku yria o // Bectauk MI'TY «CraHkuny. —
2024. — Ne 1 (68). — C. 36-43.

E.V. Artamonov, V.A. Vasilkovich, M.O. Chernyshov™, T.E. Kostiv, M.Kh. Uteshev

Tyumen Industrial University
® Corresponding author

INCREASING THE PERFORMANCE OF PREFABRICATED CYLINDRICAL
MILLS DUE TO THE POSITION OF MULTIGEDAL PLATES ON A HELICAL
LINE WITH THE POSSIBILITY OF ADJUSTING THE ANGLE w

Abstract

The article provides an analysis of the dynamics of the milling process with cylindrical prefabricated cutters
with the arrangement of polyhedral plates along a helical line. The degree of influence of the helix angle on the
uniformity of the milling process and cutting forces has been revealed. The design of a prefabricated milling
cutter with increased performance in terms of durability and uniformity of milling is presented.

Keywords: performance, prefabricated cylindrical cutters, carbide cutting elements, helix.
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A.A. Bepewaxa', H.C. bapanosa’, E.C. Comosa’™,
A.E. Cenesneé’, K.M. Maxapesuy?, C.A. Paoyes’

' UKTU PAH; 2 PTY MUPDA,; * ®I'BOY BO «MI'TY «CTAHKHWHy; * ®ouH pa3BuThs NPOMBIIUICHHOCTH
™ ABTOp 715l KOPPECTIOHIECHIINH

UCCNEQOBAHUE CBOMCTB HAHOCTPYKTYPUPOBAHHOIO NOKPbLITUSA
TI-TIN-(TI,AL,CR)N C U3MEHSAIOLWEACA BENUYUHOU NEPUOLOA
Moaynauum B UBSHOCOCTOMKOM CINOE

AHHOTaNUSA

IpencraBneHs! pe3ysbTaThl HCCIEIOBAHUS CBOMCTB HAHOCTPYKTypupoBaHHbIX MokpbIThil Ti-TiN-(Ti,Al,Cr)
N ¢ U3MeHSIoIUMCS IEPUOAOM MOILYIIAINH A. PaccMaTpuBanuch NOKPHITHS € YBEIUUUBAOMMMCS OT 20
10 300 aM u ymensmatomumes ot 300 1o 20 HM nepronoM MoxynALuH. B kauecTBe 00bekTa cpaBHEHUS
paccMmarpuBacs o0pasell ¢ OCTOSHHOM BeTHUUHOM neprona Moayisiuuu A = 50 Hm. OrpezienieHa TBepAOCTb
MOKPBITHI 1 X CTOMKOCTB K pa3pyLIeHHIO IPH cKpeTd-TecTe. CTPYKTypa HOKPHITHI HCCIEA0BANACE C UCTIONb-
30BaHueM ckanupytomei (COM) u npocseunsatomeii (II9M) anekTpoHHO# MuKpockonuy. CpaBHUBAIUChH
JIaHHbIE 10 31IEMEHTHOMY U (h)a30BOMY COCTaBY MOKPBITUH. YCTAaHOBJIEHO, YTO HOKPHITHE C YBEIUUHBAIOLIIUMCS
NePHOIOM MOAYIALMK 00eCIeunBaeT Jydlly0 H3HOCOCTOMKOCTh HHCTPYMEHTA IIPY TOYEHUH CTaJIH.

KuioueBble ci10Ba: pr3nieckoe ocaxaeHue i3 naposoi Gpasel (PVD), mepruon CTORKOCTH peXyILEero HHCTPY-
MEHTa, HAHOCJIOWHBIE TIOKPBITUS, IEPUOJ] MOTYIISAIIUH, U3HOC.

s nutupoBanus: Bepewara A.A., bapanosa H.C., Comosa E.C., Cenesnes A.E., Makapesuu K.M.,
Psbyes C.A. VccnenoBanue cBoiicTB HaHOCTPYKTYpupoBaHHOTO MOKpbITHS Ti-TiN-(Ti,ALCr)N ¢ u3mens-
IOLICHCS BETMYMHOM Mepruojia MOAYJISIAU B U3HOCOCTOMKOM ciioe // Becthuk MI'TY «Crankun». — 2024, —
Ne 1 (68). —C. 44-55.

A.A. Vereschaka', N.S. Baranova®, E.S. Sotova®™, A.E. Seleznev’,
K.M. Makarevich’, S.A. Ryabtsev*

'IDTI RAS; 2RTU MIREA; 3 MSUT “STANKIN”; * Industrial Development Fund
™ Corresponding author

INVESTIGATION OF THE PROPERTIES OF ANANOSTRUCTURED
TI-TIN-(TI,AL,CR)N COATING WITH A VARIABLE MODULATION PERIOD
IN A WEAR-RESISTANT LAYER

Abstract

The results of a study of the properties of nanostructured Ti-TiN-(Ti,Al,Cr)N coatings with a varying modula-
tion period A are presented. Coatings with a modulation period increasing from 20 to 300 nm and decreasing
from 300 to 20 nm were considered. A sample with a constant value of the modulation period A = 50 nm
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was considered as an object of comparison. The coatings hardness and resistance of the coatings to destruc-
tion during the scratch test were determined. The coatings structure was studied using scanning (SEM) and
transmission (TEM) electron microscopy. Data on the elemental and phase composition of coatings were
compared. It was found that the coating with an increasing modulation period provides better tool wear
resistance when turning steel.

Keywords: physical vapor deposition (PVD), cutting tool durability period, nanolayer coatings, modulation
period, wear.

For citation: Vereschaka A.A., Baranova N.S., Sotova E.S., Seleznev A .E., Makarevich K.M., Ryabtsev S.A.
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Tem Haune Co ™, A.P. Menewmkun, A. Cmupnos, H.B. Conuc Ilunapzome

dI'BOY BO «kMI'TY « CTAHKHWH»
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®U3NKO-MEXAHUYECKUE CBOMCTBA CMEYEHHbBIX KOMMNO3UTOB
SIC-TIB,-TIC METOAOM UCKPOBOI'O NJIASMEHHOIO CMEKAHUA

AHHOTaNUSA

Kommnosurer SiC-TiB,-TiC ¢ Marpuuei, coctosimiei u3 noaynpoBoaHukosoro Marepuana (SiC), u mpoBoasimx
marepuaitos (TiB,-TiC) wiu ux koMOMHaIKH, OBLITM M3TOTOBJIEHBI METOIOM UCKPOBOTO ILIA3MEHHOTO CIIEKAHMS
(UIIC) mpu temneparype 2000°C B Bakyyme nox gasienueM 80 MlIla B Teuenue 3 MuH. CocTaB 1 MUKPO-
CTPYKTYPY MOJY4YEHHBIX KOMIIO3UTOB M3y4alH C IOMOIIbIO PEHTICHOBCKON MU(PAKLIUKN U CKAaHUPYIOLIETO
9NIEKTPOHHOTO MUKPOCKOIIA, OCHAIIIEHHOTO 3HEPTOANCIIEPCHOHHBIM A€TEKTOpPOM. brutn onpenenens! npoy-
HOCTh Ha U3T'H0, TBEPAOCTh 0 BUKKepCy U TPeIMHOCTONKOCTE MOJIyYeHHBIX 00pa3IoB. bpuin npeioxeHs!
Ppa3IHYHbIe BapUAHTHI IIpoliecca CIIEKaHUs C pa3INuHBIMU COCTaBaMU MaTpHUIlbl. CrIeueHHBIN KepaMUueCKUi
xomno3ut 60 06. % SiC — 25 06. % TiB,~ 15 00. % TiC (mwiotHocts — 99,7 %) nokaszan camble BHICOKHE
3HAYCHUS IPOYHOCTH U TBEPAOCTH, a TAK)XKE TPEIIUHOCTONKOCTH.

Kurouesbie ciopa: komnosutsl SiC-TiB,-TiC, matepuan pexyIero MHCTpyMEHTa, HCKPOBOE IJIa3MEHHOE
cnexanue (MI1C), mexaHn4eckue CBOMCTBA.

Jast umtupoBanusi: Ter Haunr Co, Menemkun S1.P., CmupaoB A., Conuc [Tunaprore H.B. ®dusnuko-mexa-
HUYECKHE CBOKMCTBA criedeHHbIX komno3utos SiC-TiB,-TiC MeTonoM HCKPOBOTO IIA3MEHHOTO CHEKaHus //
Bectuuk MI'TY «Crankuny. —2024. — Ne 1 (68). — C. 56-67.

Thet Naing Soe ™, Y.R. Meleshkin, A. Smirnov, N.W. Solis Pinargote

MSUT “STANKIN”
™ Corresponding author

PHYSICAL AND MECHANICAL PROPERTIES OF SINTERED COMPOSITES
SIC-TIB,-TIC BY SPARK PLASMA SINTERING METHOD

Abstract

SiC-TiB,-TiC composites, which matrices consist of: semiconductor material (SiC), conductive materials
(TiB,-TiC), and their combination, were fabricated by the Spark Plasma Sintering (SPS) at 2000°C in vacuum
under pressure of 80 MPa for 3 min. Flexural strength, Vickers hardness and fracture toughness of SPSed
samples were determined. Based on the observation of this work, three variants of the sintering process were
proposed depending on the matrix composition. The dense (99.7 %) 60SiC-25TiB,-15TiC vol. % sintered
ceramic composites exhibited the highest strength and hardness values of studied composites, as well as
fracture toughness.

Keywords: SiC-TiB,-TiC composites, cutting tool material, spark plasma sintering (SPS), mechanical properties.
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BUBPOOUAITHOCTUKA TEXHUYECKOIO COCTOAHUA YITNOBbIX
®PE3EPHbIX NOJIOBOK

AHHOTAILUS

B pabore paccMarpuBaeTcs MpUMEHEHHE METOI0B HMITYJILCHOTO BO30YKICHUS U aHAJM3a BHOPAMN IS
OIICHKH TE€XHHYECKOTO COCTOSHUS YITIOBBIX ()pPE3EPHBIX TOJOBOK ¢ (PMKCHPOBAHHBIM YIJIOM ITOBOPOTA
B Ipoliecce UX dKCIuTyaranuu. [IpuBeneH KOMIUIEKCHBIH ITOIXO0A TUarHOCTHKH YIJIOBBIX TOJIOBOK, TI03BO-
JSIFOLIMH Ha OCHOBE TEXHHYECKOTO COCTOSIHUS IUIAHUPOBATh ATy TeXOOCTy>KHBaHHS WM peMoHTa. [IpoBe-
JIEHO HccefioBaHue YroBbix rosioBok Alberti T90-8 u OMG TA 40 MeTomamu UMITYJICHOTO BO30YXKICHHS
Y TIPH pa3NINYHbIX PeKUMax padoThl cTaHka. [lomydeH criekTp BHOpocurHaia ¢ akceinepoMeTpoB. [IpoBenena
OLIEHKA COCTOSTHUS KOHCTPYKTUBHBIX JJIEMEHTOB YITIOBOH T'OJIOBKH, BBISBIICH AMCOAIAHC BPALIAIOIIETOCS Baja
YIJIOBOH TOJIOBKH U A€(DEKTHI YIAapHOTO IIPOUCXOKAEHHSI. BEIMOIHEH BOCCTAHOBUTENBHBIH PEMOHT TOJIOBKH.
ITpoBenena 0OpaboTka criiaBa AMr-6 U HCCIIEI0OBaHO Ka4eCTBO MOTyYCHHOM TOBEpXHOCTH. [omydyeHa aMIutu-
TynHO-(a30Bast 4yacToTHas Xapakrepuctuka (ADYX) yriioBoii roJIOBKH B HEUCTIPABHOM COCTOSIHUH U TIOCIIE
BoccTaHoBJIeHHs. [IpoBeneHo cpaBHEHUE CIIEKTpa CUTHAJA YIJIOBOW TOJIOBKH B HEUCTIPABHOM COCTOSIHUH CO
CIEKTPOM B BOCCTAHOBJICHHOM COCTOSIHMM HA PA3IMYHBIX YacTOTax BpalleHus. [IpuBeneHa MeToquKa s
JIMAarHOCTUKH TEXHUUECKOTO COCTOSTHHUS YIJIOBBIX TOJIOBOK.

KuroueBble c10Ba: yrioBas ¢pesepHasi rojloBKa, BUOPOAKyCTHYCSCKas JUarHOCTUKA, HMITYJILCHOE BO30YX-
JICHUE, CTIEKTP CUTHAJIA, THHAMHYECCKHE XapaKTePHUCTHKH, OIICHKA TEXHUUECKOTO COCTOSHHUS

Jonst uutupoBanus: Ilnaes K.U., CabupoB ®.C. BubponnarHocTuka TEXHUUECKOTO COCTOSHUS YTIIOBBIX
(dpesepubix To10BOK // BectHuk MI'TY «Crankuny. —2024. — Ne 1 (68). — C. 68-74.

K.1. Shlaev=, ES. Sabirov

MSUT “STANKIN”
™ Corresponding author

VIBROACOUSTIC DIAGNOSTICS OF THE TECHNICAL CONDITION
OF ANGULAR MILLING HEADS

Abstract

This paper describes the use of pulse excitation and vibration analysis methods to assess the technical condi-
tion of angular milling heads during their operation. An example of an integrated approach to the diagnosis
of angle heads is given, which allows planning the date of maintenance or repair based on the technical
condition. The study of the Alberti T90-8 and OMG TA 40 angle heads was carried out using pulse excita-
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tion methods and under various operating modes of the machine. The spectrum of the vibration signal from
accelerometers was obtained. An assessment of the condition of the structural elements of the angular head
has been carried out. The imbalance of the rotating shaft of the angular head and defects of impact origin were
revealed. A restorative repair of the head has been performed. The AMg-6 alloy was processed; the quality of
the obtained surface is investigated. The spectrum of the angle head signal in the faulty state is compared with
the spectrum in the restored state at different rotational frequencies. A technique for diagnosing the technical
condition of corner heads is given.

Keywords: angular milling head, vibroacoustic diagnostics, impulse excitation, spectrum, dynamic charac-
teristics, analysis of technical condition.

For citation: Shlaev K.I., Sabirov F.S. Vibroacoustic diagnostics of the technical condition of angular milling
heads // Vestnik MSUT “Stankin”. 2024. No 1 (68). P. 68—74. (In Russian)
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A.B. Hcaee, M.C. Huxkonaee™

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

AHAIU3 MOAENEN U3HOCA PEXYLLEFO MHCTPYMEHTA,
UCMONb3YEMbIX ANA AMUTALUUN OBPABOTKHU
TPYOHOOBPABATbIBAEMbIX MATEPUANIOB CBOPHBIMU ®PE3AMU
B CUCTEMAX MHXXEHEPHOIO AHAJTU3A

AHHOTALUS

B crarpe npezncrasneH aHanu3 GyHKIMOHAJIBHBIX B3aMMOCBS3€H MEXIy KOHCTPYKTUBHBIMU MTapaMeTpamMu
METAJIOPESKYLIMX UHCTPYMEHTOB, MTOKA3aTeNIIMU Mpoliecca 00pabOTKU U CBOMCTBaMHU 00pabaThiBAEMOro
Mmarepuaia. Ha ocHOBe aHai3a onpeeneHs HanOoliee akTyalbHbIe HallpaBIeHHs HCCIEAO0BaHUM B 00macTu
00pabOTKH pe3aHueM TPYIHOOOpabaThIBAEMbIX MaTepHUaoB. BeimoiaHeH 0030p Mofesel H3HOca PEXYIIUX
WHCTPYMEHTOB, IPUMEHSEMbIX B CHCTEMax HH)KCHEPHOTO aHAJIN3a U UCIIONb3yEeMBIX IIPH MPOSKTUPOBAHUU
KOHCTPYKIHH U UCCIIE0BaHUN PabOTOCTIOCOOHOCTH PEXKYIINX HHCTPYMEHTOB, OTIMCAHBI HX IIPEUMYILECTBA
u Hepocrarku. OnucaH OO MOPSIOK MCIIONb30BaHMsI METO/Ia KOHEUHbIX dnemenToB (MKD) npu npoek-
THPOBAHUHU KOHCTPYKIHH COOpHOMH (pe3bl.

Onwcanbl 0cHOBHBIE TPUHIIUITEI MKD, ero nmpenmyIiecTsa 115 aHaIN3a IPOLECCOB (Ppe3epOBaHHS U BO3MOXK-
HOCTH €r0 ONITHMH3ALUH, IPUBEACHB! OCHOBHBIE STAIBl MOJIETMPOBAHUS IIPOLIECCOB (hpE3epOBAHUS C IPUME-
HeaneM MKD B cucreMax MHXEHEPHOTO aHaJIN3a, JaHbl PEKOMEHIAIMH 110 BEIOOPY MapaMeTpOB CETKH
KOHEYHBIX 3JIEMEHTOB IIPHU MOJEIMPOBAHHUH IporeccoB pe3anus. Omnucansl Bo3moxHoctd MKD mist mpen-
CKa3aHUs TEMIEPaTyPHBIX MOJEH.

KuroueBble cji0Ba: pexyIinii HHCTpyMeHT, cOopHbIe (pe3bl, (hpe3epoBaHKe, MOJCIUPOBAHKE ITpoLecca
pe3aHus1, MOJIEIN U3HOCA, CHCTEMBI HHKEHEPHOTO aHaJIH3a.

s uutupoBanus: Vcaes A.B., Hukonaes M.C. Ananu3 Mozieneif n3Hoca pexxyIiero HHCTpYMEHTa, HCIIOJIb-
3yeMBIX JJISI IMUTAIMU 00pabOTKH TPyIHOOOpaOaTIBAEMBIX MAaTEPUATIOB COOPHBIMU (hpe3aMU B CHCTEMax
umkeHepHoro ananu3a // Bectaunk MI'TY «Crankuny». —2024. — Ne 1 (68). — C. 75-86.
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A V. Isaev, M.S. Nikolaev ™
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™ Corresponding author

ANALYSIS OF MODELS OF WEAR USED FOR SIMULATION
OF MACHINING DIFFICULT-TO-CUT MATERIALS
WITH INDEXED MILLING CUTTERS IN CAE SOFTWARE

Abstract

The article presents an analysis of the functional relationships between the design parameters of the metal
cutting tools, the processing process indicators and the properties of the material being processed, on the basis
of which the most relevant areas of research in the field of machining of hard-to-cut materials are identified.
A review of wear models which can be applied for modelling of cutting tools and studying their character-
istics in computer-aided engineering (CAE) systems is carried out, their advantages and disadvantages are
described. The general procedure for using the finite element method (FEM) when designing indexed milling
cutting tools is described.

The basic principles of FEM, its advantages for analyzing milling processes and opportunities for its opti-
mization are described, the main stages of modeling milling processes using FEM in engineering analysis
systems are given, and recommendations for choosing finite element mesh parameters when modeling cutting
processes are provided. The capabilities of FEM for predicting temperature fields are described.

Keywords: cutting tools, indexed milling cutters, milling, cutting process simulation, wear models, CAE
systems.

For citation: Isacv A.V., Nikolaev M.S. Analysis of models of wear used for simulation of machining
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BbIABNEHWUE U PACYET PASMEPHbIX CBA3EN MEXAHU3MA
anga onPEAQENEHNA METOOOB AOCTUXEHUA TOYHOCTU
MPU EFO CEOPKE U TOYHOCTU PA3MEPOB KOMMMNEKTYIOLLMX OETANEN

AHHOTaLMS

PazpaboTka TeXnporeccoB U3roTOBICHUS U3EIIHH MAIIMHOCTPOUTEIBHOTO TPOU3BOACTB, PA3IHYHBIX Y3JI0B
U MEXaHU3MOB, BKJIFOYAET ITPOEKTUPOBAHUE TEXNPOLECCOB U3TOTOBIICHHS, MEXaHO0OPaOOTKH, KOMILIEKTY-
IOLIMX JIeTael y3ia u pa3paboTKy Texnpolecca cOopku y3ia. KitoueBbIMu 3aja4aMu Ha 3THX JIByX OCHOBHBIX
JTarnax TeXHOJOTMYECKOT0 MPOEKTUPOBAHUS SBIISIOTCS OIpeieeHHe 000CHOBaHHBIX TPEOOBAHUM K TOUHOCTH
MOJTY4aeMbIX JHHEHHBIX U YIJIOBBIX Pa3MEPOB U3TOTABIMBAEMBIX JeTajel U BbIOOP 3(p(heKTHBHBIX METOIOB
JIOCTIPKEHUS] TOYHOCTH IIPH BBITIOTHEHUH TeXTpoliecca cOOpKH y3ia. ONTHMAaIbHOE PEIICHHE 3THX KITIOUEBBIX
3a/1a4 JOCTUTAIOT Ha OCHOBE BBISIBIICHHS U pacueTa pasMEpHBIX CBsI3e€H M3roTaBiIMBaeMoro ysia. B coor-
BETCTBUU C 3TUM B CTaTb€ pacCMaTPUBAETCS METOAMKA BBIBICHMS U pacyeTa pa3MEpHBIX CBA3EH y3Ia, Ha
OCHOBE KOTOPOM OIpPEAEISIOTCS METOIbI TOCTHKEHUSI TOUHOCTH, HCIIONb3YEMBIE B IIpoliecce cOOpKe y3a,
1 TpeOOBaHUS K TOYHOCTH MOJTY4aeMbIX JIMHEHHBIX U YIJIOBBIX pa3MepOB KOMIUIEKTYIOIIMX JeTajel y3ia.

KuroueBble cioBa: netans, pa3MepHast LeTlb, TapaMeTPhl TOUHOCTH, METO IOCTHKEHHSI TOUHOCTH, pa3Mephl
JMHEIHBIE U YIIIOBEIE.

Jas nutupoBanus: Tumupszes B.A., Jlesuyk B.1., Apnromun W.B. BelsiBiaenue u pacuer pasMepHbIX
CBsI3el MeXaHU3Ma AJISI OTIpeeTIeHUsI MeTOOB IOCT)KEHUS TOUHOCTHU IPH ero cOOpKe U TOUHOCTH Pa3MepoB
xomriekTytomux neraneit // Bectauk MI'TY «Crankumy». —2024. — Ne 1 (68). — C. 87-95.
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IDENTIFICATION AND CALCULATION OF DIMENSIONAL RELATIONSHIPS
OF AMECHANISM TO DETERMINE METHODS FOR ACHIEVING
ACCURACY DURING ITS ASSEMBLY AND DIMENSIONAL ACCURACY

OF COMPONENT PARTS

Abstract

The development of technical processes for the manufacture of machine-building products, various compo-
nents and mechanisms, includes the design of manufacturing processes, machining, component parts of
the node and the development of the assembly process of the node. The key tasks at these two main stages
of technological design are to determine reasonable requirements for the accuracy of the obtained linear
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2.5.6. TEXHONOIMMA MALWMHOCTPOEHNA

and angular dimensions of manufactured parts and to select effective methods to achieve accuracy when
performing the assembly process of the assembly. The optimal solution to these key tasks is achieved on the
basis of identifying and calculating the dimensional relationships of the manufactured node. In accordance
with this, the article discusses the methodology for identifying and calculating the dimensional connections
of the node, on the basis of which the methods for achieving accuracy used in the assembly of the node and
the requirements for the accuracy of the obtained linear and angular dimensions of the component parts of
the node are determined.

Key words: part, dimensional chain, accuracy parameters, method of achieving accuracy, linear and angular
dimensions.

For citation: Timiryazev V.A., Levchuk V.I., Avdyushin 1.V. Identification and calculation of dimensional
relationships of a mechanism to determine methods for achieving accuracy during its assembly and dimen-
sional accuracy of component parts / Vestnik MSUT “Stankin”. 2024. No 1 (68). P. 87-95. (In Russian)
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AKCMNMEPUMEHTAJIbHOE UCCNEAOBAHUE ALEKBATHOCTH
MATEMATUYECKUX MOLOENEN PACYETA YBOOA OCU MPU
PACCBEPJINBAHUX OTBEPCTUW OBYXNE3BUAHBIM CBEPJIOM

AHHOTaLMS

B nanHO# cTarbe paccMarpuBaroTCs mporeccs GopMooOpa3oBaHus OTBEPCTHH BYXJIE3BUHHBIM CBEPIIOM
B MpEeABAPUTEILHO 00pabOTaHHOM HMJIM MUJIOTHOM OTBEPCTHH. DTOT IMPOLECC OTIMYACTCS OT IOJIY4EHUs
OTBEpPCTHS B CIUIOIIHOM MaTepHalle, TaK Kak YK€ IPUCYTCTBYET ITOTPEIIHOCTh IPEIIIEeCTBY IO 00paboTKH,
YTO 3HAYMTENIBHO CKa3bIBACTCS HA BHIOOpE MapaMeTpoB PEKMMOB PE3aHUS U reoMerapaMeTpax pexyiero
uHCTpyMeHTa. Pazpaborana maTremMaTuyeckast MOJIENb JUIS pacyeTa yBOAa OCH OTBEPCTHS B MUJIOTHOM WIIH
MpeABapUTEIbHO 00padOTaHHOM OTBEPCTUH, B KOTOPOH YUHUTHIBAIOTCS BEJIMUNHBI BEKTOPHBIX CHJI, ICHCTBY-
IOIUX Ha KaXXJO0€ JE€3BHE, a TAKXKE paAualibHas pe3ylbTUpYyIomas 3Tux cuil. IIpoBepseTcs: aqekBaTHOCTh
pa3paboTaHHOI MaTeMaTH4eCcKONW MOJIEITH /IJIs pacueTa yBoJa OCH OTBEPCTHS C yUETOM IOIPEeIIHOCTEH pe-
niecTByrouiel 00paboTKu, KOTOpast yHUTHIBAET PA3HUILY INIABHBIX YIVIOB B IUIAHE Y PEXKYILLETr0 HHCTPYMEHTA.
Boutn pa3paboTaHbl HOBbIE CITOCOOBI OCTPOEHUS TUIOMIA/IeH CPEe3aeMbIX CEUEHHUH MPUITYCKOB B CUCTEMax
aBTOMATH3UPOBAHHOTO MTPOESKTHPOBaHHs1. HOBBII CIIOCOO yYUTHIBACT BETNYUHY BPE3aHHS PEXKYIETO HHCTPY-
MEHTa, YTO IIO3BOJISIET TIOBBICUTH TOYHOCTHBIE PACUEThl MaTeMaTUYeCKOi MOJIENH. DKCIIEpUMEHTAIIbHbIE
HCCIICOBAHS BKITIOYAIOT B ce0st 00pabOTKy OTBEPCTHI CBEpIIaMU PA3IMYHOTO JHAMETPa, 3aTeM H3MEPEHHE
YBOZIa OCH HOCJIe KaKA0H 00pabOTKH M aHaJIH3 NOIYy4YEeHHBIX pe3ylbTaToB. Pa3HuIa Mexly pacyeTaMmu Io
MaTeMaTH4ecKol MOJIENIM U U3MEPEHHBIMH 3HAYSHUSIMH 3arOTOBOK I1ociie 00paboTKu cocTaBuia He Oojee
15%. Ha ocHOBaHHMY MPOBEACHHBIX YKCIIEPHUMEHTAIBHBIX UCCIICAOBAHMA OBLIN MPOBEACHBI CTATHCTHICCKUE
pacyeThl, KOTOPBIE MOATBEPIIIN aeKBaTHOCTh Pa3padOTaHHOW MaTeMaTHYECKON MOJIEITIH PacueTa yBoaa OCH
OTBEpCTHS B TIJIOTHOM WJIH TPEABAPUTEIIEHO 00pab0TaHHOM OTBEPCTHH M COOTBETCTBEHHO BO3MOXKHOCTH
MIPUMEHEHUS €€ B MPOSKTUPOBAHUH TEXHOJIOTHUECKUX MPOIECCOB 00pabOTKU neTanell B MalTuHOCTPOU-
TEJIbHOM IIPOU3BOJICTBE NHKEHEPAMU-TEXHOJIOTaMHU.

KiroueBble cj10Ba: CBEpIIO, YBOJ OCH, PAa3HHUIIA [IABHBIX YIVIOB B IUIAHE, MATEMATHIECKasi MOZICIb PacyeTa,
TOYHOCTHh 00PabOTKH.

Jost nuruposanus: Jepsoun W.I1., Toxkape A.C. DkcriepMMEHTaIbHOE UCCIIEA0BAHHUE a/IeKBATHOCTH MaTe-
MaTU4ECKHUX MOAEJEH pacyeTa yBOAa OCU IIPU PACCBEPIMBAHUN OTBEPCTHH JIBYXJIC3BUHHBIM CBEPIIOM //
Bectauk MI'TY «Craakun». — 2024, — Ne 1 (68). — C. 96-107.
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LP. Deryabin’, A.S. Tokarev’™

! South Ural State University; > TTI branch of NRNU MEPhI
™ Corresponding author

EXPERIMENTAL STUDY OF THE ADEQUACY OF MATHEMATICAL
MODELS FOR CALCULATING AXIS DRIFT WHEN DRILLING HOLES
WITH A TWO-BLADE DRILL BIT

Abstract

This article discusses the processes of forming holes with a two-blade drill in a pre-treated or pilot hole.
This process differs from obtaining a hole in a solid material, since there is already an error in the previous
processing, which significantly affects the choice of cutting mode parameters and geometric parameters of
the cutting tool. A mathematical model has been developed to calculate the deflection of the hole axis in a
pilot or pre-treated hole, which takes into account the magnitude of the vector forces acting on each blade,
as well as the radial resultant of these forces. The adequacy of the developed mathematical model for calcu-
lating the deflection of the hole axis is checked, taking into account the errors of previous processing, which
considers the difference in the main angles in terms of the cutting tool. New methods have been developed
for constructing the areas of cut-off sections of allowances in computer-aided design systems. The new
method takes into account the amount of embedding of the cutting tool, which makes it possible to increase
the accuracy of calculations of the mathematical model. Experimental studies include processing holes with
drills of various diameters, then measuring the axis deflection after each processing and analyzing the results
obtained. The difference between the calculations based on the mathematical model and the measured values
of the workpieces after processing was no more than 15%. Based on the conducted experimental studies,
statistical calculations were carried out, which confirmed the adequacy of the developed mathematical model
for calculating the deflection of the hole axis in a pilot or pretreated hole and, accordingly, the possibility
of using it in the design of technological processes for processing parts in machine-building production by
process engineers.

Keywords: drill, axis drift, difference of plan approach angles, mathematical model of calculation, machining
accuracy.

For citation: Deryabin I.P., Tokarev A.S. Experimental study of the adequacy of mathematical models for
calculating axis drift when drilling holes with a two-blade drill bit // Vestnik MSUT “Stankin”. 2024.
No 1 (68). P. 96-107. (In Russian)
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WCCNEOQOBAHMUE LUdPOBbLIM MOOEJIMPOBAHUEM
NMPOLIECCA IOPAYEN OB BEMHOW LUTAMMOBKW MOKOBOK
C rMYBOKUMU MNONOCTAMU U OBPATHBLIM KOHYCOM

AHHOTALMS

B crarbe MeTooM nuppoBoro MozienipoBanus B mporpamMme QForm pa3zpaboTaH u HccieoBaH TEXHOJIOTH-
YEeCKHH NPOLIECC TOpsYeH ITaMIIOBKH MIOKOBOK C TITYOOKHUMH MOJIOCTSAMH ¥ 00paTHBIM KOHYCOM THIIA OTIPaBKU
MPOIIUBHOTO cTaHa. [Ipe/ioxkeHa cxeMa TEXHOJIOTHUECKOTO MPoIecca ropssyeid ITaMIOBKH 32 YEThIpE Tepe-
xona. Ha nmepBoM nepexoze NporcXoauT ocaaka ¢ GOpMHUPOBAHHEM 3aXOHOTO KOHYCa, HA BTOPOM — ILITaM-
MOBKA BBIIABIIMBAHHEM C MPEJABAPUTEIBHBIM OOPMIICHUEM HAPY)KHOTO KOHTYPa M HAMETKOW MOJIOCTH, Ha
TPEThEM M YETBEPTOM MEPEX0Jax — BbIIABIMBaHUE BHYTPCHHEH MOJOCTH U IITAMIIOBKA 33 THETO KOHHYE-
CKOTO y4acTKa omnpaBkH. McciaenoBaHo BIMSHUE TEXHOJIOTHYECKUX ITApaMETPOB Ha CHIIOBBIC IMapaMeTphl
U 3aI0JIHCHUE TIOJIOCTH 1Tamina. Onpe/eNieHbl IoKa3aTelld HaPsKEHHOTO U Ie)OPMUPOBAHHOTO COCTOSHHUS,
pacnpeseicHie TeMIepaTyphl 0 CEYSHHIO TIOKOBKH, (JOpMa M pa3Mepbl UCXOAHON 3arOTOBKH, MEPEXO/IbI
LITaMIIOBKH, 00€CIIEYMBAIOIINE MUHUMAJIBHYEO TEXHOJIOTHYECKYHO CUITY, OIITUMAJIbHBIC YCIIOBHUS 3aII0JTHEHUS
noJIoCTH 1mTammna. MceneqoBaHo BIUSHUE HAMETKH MOJIOCTH Ha BTOPOM MEPEX0/ie Ha MAKCHMAJIbHYFO TeMITe-
parypy MpOIIMBHOTO IMyaHCOHA U BPEMsI KOHTAKTa ITyaHCOHA C METaJJIOM Ha TpeTheM rnepexoae. s peanu-
3alun Hpe}IHO)ICGHHOﬁ CXEMBbI ITAMIIOBKH HpellJ'IO)KCH ‘{GTBIpGXHOSHHHOHHBIﬁ mTaMIl, JaHbI pCKOMeH}IaHI/IH
ji(e) BBI60py MaTepHana JUISL €10 U3TOTOBJICHUA. 21.]'[5[ CHUMXCHHUS HA IICTBepTOM HepCXOHC CHWJIbI LITAMIIOBKH
U JeHCTBYIONIMX B (POPMHPYIOLIEM BHYTPEHHIOIO MMOJIOCTh OMPABKH MYaHCOHE HANpPSHKEHHUH, MOBBILICHHUS
€r0 CTOHKOCTH, MPEATIOKEHO BEPXHIOK YacTh IITaMIa Ha YETBEPTOH MO3UIMU BBHIIOJIHUTH COOPHOM, IIpU
9TOM IyaHCOH BBINIOJHEH C BO3MOXKHOCTBIO OCEBOTO MEPEMEILCHHs. YCTAHOBIICH XapaKTep MepeMellCHuUs
IIOABHUIKHOT'O l'[yaHCOHa B 3aBUCHUMOCTH OT nepememem/m ManI/II_[I)I.

KuarwueBrble ciioBa: MOACIMPOBAaHUEC, ropsdas o0beMHas mTaMIIOBKa, IITaMIl, 3aroTOBKa, IOKOBKa, Iepe-
XOObl IITAaMIIOBKH, TEMIIEPATYpPaA, TCMICPATYPHOC ITOJIC, HAIPSYKCHU S, I[e(bOpMaL[I/II/I, CHJIOBBIC MapaMeTPhI.

Joas uurupoBanusi: Meimeukud A.A., 3yes B.B., [Ipeoopaxenckas E.B., Ckpunauk C.B. HccnenoBanue
(G POBEIM MOAETMPOBAaHUEM ITIpoLiecca Topsdell 00bEMHOM ITAMIOBKY ITOKOBOK C ITyOOKUMH HOJIOCTSIMU
u obparHbeiM KoHycoM // Bectauk MI'TY «Crankuny. —2024. — Ne 1 (68). — C. 108—118.
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A.A. Myshechkin, V.V. Zuev, E.V. Preobrazhenskaya, S.V. Skripnik™

RTU MIREA
™ Corresponding author

DIGITAL SIMULATION STUDY OF HOT BULK FORGING PROCESS
WITH DEEP CAVITIES AND REVERSE CONE

Abstract

In the article, using the digital modeling method in the QForm program, the technological process of hot
stamping forgings with deep cavities and a reverse cone of the mandrel type of a sewing mill is developed
and investigated. The scheme of the technological process of hot stamping in four transitions is proposed.
At the first transition, precipitation occurs with the formation of an entrance cone, at the second — extrusion
stamping with preliminary design of the outer contour and cavity marking, at the third and fourth transi-
tions — extrusion of the inner cavity and stamping of the rear conical section of the mandrel. The influence
of technological parameters on the power parameters and filling of the die cavity is investigated. The param-
eters of the stressed and deformed state, the temperature distribution over the forging section, the shape and
dimensions of the initial workpiece, the stamping transitions providing minimum technological force, and
optimal conditions for filling the die cavity are determined. The effect of the cavity marking at the second
transition on the maximum temperature of the piercing punch and the contact time of the punch with the metal
at the third transition is investigated. To implement the proposed stamping scheme, a four-position stamp is
proposed, and recommendations are given on the choice of material for its manufacture. In order to reduce
the punching force at the fourth transition and the stresses acting in the punch forming the inner cavity of the
mandrel, to increase its durability, it is proposed to make the upper part of the stamp in the fourth position
assembled, while the punch is made with the possibility of axial movement. The nature of the movement of
the movable punch is determined depending on the movement of the matrix.

Keywords: modeling, hot stamping, die, blank, forging, stamping transitions, temperature, temperature field,
stresses, deformations, force parameters.

For citation: Myshechkin A.A., Zuev V.V., Preobrazhenskaya E.V., Skripnik S.V. Digital simulation study of
hot bulk forging process with deep cavities and reverse cone // Vestnik MSUT “Stankin”. 2024. No 1 (68).
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Canxkr-IlerepOyprexuiit @enepanbHbIA HCCIEI0BATENIBCKUH EHTp Poccuiickoil akanemMun HayK

ABTOMATU3ALNA NPOU3BOAOCTBA NPUBOPHbIX KOPIMYyCOB
C NPUMEHEHMEM CNEUUANTUIUPOBAHHOIO CTAHKA C 4y
anAa U3roTtoBNEHUA KPENEXHbLIX BPYCKOB

AHHOTAUS

B crarbe paccMOTpeHBI 3a1a41 aBTOMATH3ALIH IPOU3BOACTBA MPUOOPHBIX KOPITYCOB, OIMCAH MPOLECC aBTO-
MaTU3MPOBAHHOTO M3TOTOBJICHHUSI HECYIIMX U KPETISKHBIX JAeTallei TPUOOPHBIX KOPITYycoB (OPYyCKOB) U3 MPYTKa
KBaJIPaTHOTO CEYCHHSI HA OCHOBE pa3pad0TaHHOTO CeIHaIn3upoBaHHOT0 cTanka ¢ YITY. OCHOBHO# akKIieHT
CZIeNaH Ha 3a/1a4e MOJTHOCTHI0 aBTOMaTHYECKOTO IIMKJIA ONepannii, HEOOXOAUMBIX JUIS CEPUIHOTO M3TOTOB-
JieHust OpycKOB. J[JIsl U3rOTOBIICHUS TAKKX AeTanel TpeOyeTcs 00padaThIBaTh MPOKATHBIN POGHIIL B hopme
KBaJpaTa ¢ HECKOJbKUX CTOPOH, a TaKXe MPOU3BOIUTH TOYHBIH OTpe3 1o JyuHe. DuKcanus 3aroToBKHY,
HACTPOWKA CHCTEMBI KOOPIUHAT I 00paOOTKH TaKOW JAeTalu B TPaAUIMOHHBIX cucteMax UITY spnsrorcs
TPYRO3aTPAaTHBIMH MPOLECCaMH, TPEOYIOIMMH YIacTHs YeJIOBEKa, YTO CYLIECTBEHHO CHIDKAET IPOU3BOIH-
TEJILHOCTB Tpyza. Jist pemeHns JaHHOH MpoOIeMbl X MOBBIIIEHHS IPOU3BOAUTENHHOCTH IIPH U3TOTOBICHUN
MOJOOHBIX JIeTajel MpeaaraeTcsi NCnojib3oBanue cneruansHoro YITY-cranka, cmocoGHOrO MOTHOCTHIO
ABTOMAaTHYECKH H3TOTaBIMBATh AT KOPITyCOB C 33JaHHBIMH TapaMeTpamMHu. B naHHOM paboTe nmpencrasieHo
OnHCcaHue KOHCTPYKIMHK crieranu3upoBaHHoro YITY-craHka, 00ecrevurnBaroiero MoJHbIN UK BBICOKO-
TOYHOI 00pabOTKK OPYCKOB: CBEpJICHHE OTBEPCTHI, Hape3aHHe pe3bObl, 0Tpe3 B pasmep. s ynpaBieHus
cTaHKOM IpuMeHeHa cepuitHas cucreMa UITY s 5 oceit. CnennanpHast cicreMa MTHEBMAaTHUECKHUX 3aXBaTOB
MI03BOJISIET ABTOMAaTHUECKH MOIaBaTh MPYTOK B 30HY 00Pa0OTKH, TPOU3BOJHUTE €TI0 TOBOPOT U BHITAIKHUBATh
u3 paboueli 30HBI TOTOBYIO IeTanb. OLeHKa MPOU3BOJUTENLHOCTH CTaHKa MoKa3aja ero d3(QeKTUBHOCTh
B CHI)KEHUH BPEMEHH M TPYZ03aTpaT Ha MPONU3BOACTBO JeTaiell MogoOHOro THIa.

KaoueBnlie coBa: aBTOMaTu3anus Nponu3BOACTBA, I‘H_IS/-CTEIHOK, ABTOMATU3HUPOBAHHOC M3TOTOBJICHUC
ﬂeTaﬂeﬁ, HU3roTOBJICHUC 6PYCKOB, CUCTEMA ITHCBMATUYCCKUX 3aXBaTOB.

Jist nutupoBanus: ["ansikun 10.B., [lamesckuii B.I1. ABromaru3arius Nponu3BOACTBAa IPHOOPHBIX KOPITYCOB
C IPUMEHEHHEM CIeLHAIM3UPOBaHHOrO cTanka ¢ UITY 1 U3roToBIeHUs KPENeKHbIX OpyckoB // BecTHuK
MI'TY «Crankuny». —2024. — Ne 1 (68). — C. 119-128.
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2.3.3. ABTOMATUSALIUA N YNIPABNEHME TEXHONOTMYECKMMW MPOLIECCAMU 1 MPOU3BOACTBAMM

Yu.V. Galykin, V.P. Dashevsky

St. Petersburg Federal Research Center of the Russian Academy of Sciences

AUTOMATION OF THE MANUFACTURING OF DEVICE ENCLOSURES
USING A SPECIALIZED CNC MACHINE FOR THE PRODUCTION
OF FASTENING BARS

Abstract

The article discusses the tasks of automating the production of device enclosures, describes the process
of automated development of a specialized CNC machine designed for the manufacture of load-bearing
and fastening parts of device enclosures (bars) from a square bar based on the developed specialized CNC
machine. The main emphasis is made on the task of full automation of the serial production of bars without
operator intervention. Rods are pulled into machine, where they are positioned, holed and threaded and then
cut precisely. A generic 3-axis CNC machine need operator to place and fix rod, make zero calibration for
each axis which is time consuming. Suggested CNC-machine construction provides all these functions in
one automated bar processing: drilling holes, threading, cutting to the required length. The machine uses
5-axis CNC controller. A special system of pneumatic grips is introduced which helps to pull rod into the
processing zone, turn it for proper side processing, and to push finished part out of processing zone. Perfor-
mance evaluation of the machine demonstrates its effectiveness in reducing operator’s time and labor costs
for the production of parts of this type.

Keywords: automation production, CNC-machine, automatized manufacturing of parts, manufacturing of
bars, pneumatic grips system.

For citation: Galykin Yu.V., Dashevsky V.P. Automation of the manufacturing of device enclosures using a
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AHAITIU3 CRM-CUCTEM U ®OPMUPOBAHUE CTPYKTYPbI
APXUTEKTYPHOIO PELLEHUA ABTOMATU3UPOBAHHOW CRM-CUCTEMbI
AnAa MALWMHOCTPOUTENIbHOIO NPOU3BOACTBA

AHHOTaUUSA

PaccmarpuBaeTcs nponecce NoCTpOEHU MOZIENN aPXUTEKTYPHOTO PELICHHs ABTOMAaTU3UPOBAHHOM CUCTEMBI
yIpaBieHUs B3auMooTHoueHusMH ¢ kineHTaMu (CRM-cucteMsr) s MPOU3BOACTBEHHBIX MPEIIPHUATHI.
OnuceIBalOTCS PE3yIbTaThl CPABHUTEIBHOIO aHAIU3a aKTyaslbHBIX PEIIEHHH Ul MallMHOCTPOUTEIBHOIO
npennpuatys. [Ipu anannze BeIIOMHEH mog0op kpurepues 1yt cpaBHeHHs CRM-crcTeM, BBISIBIEHBI 0COOSH-
HOCTHU Ka)XJIOW CUCTEMBI, yCTAaHOBJIEHBI 3aKOHOMEPHOCTH NTOCTpoeHus cyiecTBytomux CRM-cucrem u ux
HEeJOCTaTKH. Pe3ynbTaThl aHaIN3a MO3BOJIAIOT CHOPMYIUPOBATh TPEOOBAHMS K apXUTEKTYPHOMY PEILCHUIO
CRM-cucremsl U1l NPOU3BOACTBEHHOIO MPEANIPUATHS, HA OCHOBE KOTOPBIX MPEIIOKEHO apXUTEKTYpHOE
yaydumieHne CRM-cucteMsl, ¢ BHEIpEHUEM B CTPYKTYPY HOPTaJIbHOTO PELIEHUS AJIs aBTOMaTU3al11 U ONTH-
MU3aLUH PaOOTHI CIy>KO COIPOBOXKICHUS U CEPBUCA IPEIIPHUATHSL.

Kirouesbie cioBa: CRM cucrema, cepBUC, CONPOBOXKAEHUE, ApXUTEKTypa cucTeMbl, Moenb CRM cucTeMsl.
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ANALYSIS OF CRM SYSTEMS AND DEVELOPMENT
OF THE AUTOMATED CRM SYSTEM ARCHITECTURE
AT THE MACHINE-BUILDING ENTERPRISE

Abstract

The process of building an architectural model of the automated CRM system (customer relationship manage-
ment system) at manufacturing enterprises is considered. The results of the comparative analysis of current
solutions for the machine-building enterprise are described. During the analysis, criteria for comparing CRM
systems were selected, the features of each system were identified, the patterns of CRM systems development
and their disadvantages were established. The results of the analysis allow to identify requirements for the
architecture of a CRM system at a manufacturing enterprise, on the basis of which an architectural solution
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of a CRM system is proposed, with the implementation of a service web-portal into the architecture for auto-
mating and optimizing the work of support services at an enterprise.

Keywords: CRM system, service, support, system architecture, CRM model.

For citation: Bykova A.V., Kapitanov A.V. Analysis of CRM systems and development of the automated
CRM system architecture at the machine-building enterprise // Vestnik MSUT “Stankin”. 2024. No 1 (68).
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MATEMATUYECKOE MOAENNPOBAHWE MHAYKLUWOHHOIO HATPEBA
AnA NOBbIWEHUA 3PPEKTUBHOCTU YINPABIIEHUA MPOLIECCOM
WHOYKUMOHHOM NANKK BONTHOBOOHbIX TPAKTOB KOCMUYECKUX
AMNMAPATOB

AHHOTALMSA

B crarbe mpemaraeTcss MaTeMaTUYECKUH ammapar sl MOACSIHPOBAaHUS TETUIOBBIX MPOIECCOB B cpefe
SimInTech nmpr WHIYKINOHHOM HarpeBe 3JIEMEHTOB BOJHOBOIHBIX TPAKTOB KOCMHYECKHX aIlliapaTtoB IpU
WX MaiKe C eNbI0 MOBBIIICHHS KAa4eCTBa YIPABICHUs TAKAUM TEXHOJIOTHYECKHAM TporeccoM. B pabote mpex-
JIOKEHBI HOBBIE MaTeMaTHYeCKHe MOJIEIN Harpesa TpyObl, uiaHia 1 My()Thl BOTHOBOJHOTO TPAKTA, & TAKKE
MOJIETIb PACIIpEIeJIEHHsI SHEPTHH MEX Ty CIIaHBaEMbIMH 3JIEMEHTAMU IPY CO3aHUU COOPKH, OTIINYAIOLIHECs
OT U3BECTHBIX YUETOM T'€OMETPHH U3IENUI U MO3BOJSIONINE MPOBOIUTH OTPAOOTKY IapaMeTPOB TEXHOJIO-
THYECKOTO Mpoliecca nHAyKunonHoi maiiku (MIT). B kauecTBe MeTOa HCCIIEI0OBaHMS OB BEIOpAH armapar
TEOPHH CBAPOYHBIX MPOIIECCOB, & UMEHHO MOJICITh TOTyOSCKOHEYHOTO CTEPIKHS ¢ OrpaHrueHusMu. [Ipose-
JIeHO HccnenoBanue 3QYEKTHBHOCTH MPEITIOKEHHOTO MAaTEMATHUECKOTO armapara MmocpeICTBOM HaTypHBIX
9KCTIEPUMEHTOB, MOKA3aBIlee BBICOKYIO CTEIICHb COOTBETCTBHUS MOJICIBHBIX M SKCIIEPUMEHTATBHBIX JaHHBIX.
[TpuMeHeHHe TIPEITIOKEHHOTO B CTAThe TOAXO0/1a MO3BOJISET CYIICCTBEHHO CHU3UTH TPYJAOBBIC U MaTepH-
aJIbHBIC 3aTPAThl HA OTPAOOTKY TEXHOJIIOTHUECKOTo mpotiecca VI BOITHOBOIHBIX TPAKTOB KaK MPH KOPPEKIMU
CYIIECTBYIOIINX MPOIIECCOB, TAK U MPH BBOJIE B IPOU3BOACTBO HOBBIX THIIOPA3MEPOB U MATEPUATIOB M3/ICITHIA.

KaioueBsble cioBa: MoJeIMpoBaHue, HHAYKIIMOHHBIM HarpeB, BOJTHOBOJHBIN TPaKT, TEXHOIOTHYECKUN
npoLecc, yupasieHue, aBTOMaTu3anusl.

Js nutuposanus: Teinuenko B.C., Kypamkun C.O., lllyrkuna E.B. Marematudeckoe MOzieupoBaHue
UHJIyKIIMOHHOTO Harpesa JJIs HOBbIIeHHS 3(P(EKTUBHOCTH YIPABIEHUS IPOLECCOM MHAYKIIMOHHO maiku
BOJIHOBOJHBIX TPAKTOB kocMuueckux annaparo // BectHuk MI'TY «Crankun». — 2024. — Ne 1 (68). —
C. 138-149.
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MATHEMATICAL MODELING OF INDUCTION HEATING TO IMPROVE
THE EFFICIENCY OF CONTROL OF THE INDUCTION SOLDERING
PROCESS OF WAVEGUIDE PATHS OF SPACECRAFT

Abstract

The paper proposes a robust mathematical model for simulating thermal processes during the induction heating
of waveguide path elements of spacecraft for soldering purposes in the SimInTech environment. The research
focuses on the induction soldering (IS) process, with a specific emphasis on the precise distribution of energy
over time and volume of waveguide path assembly elements. The article presents new mathematical models
for heating a tube, a flange, and coupling of a waveguide tract, as well as a model for energy distribution
between soldered elements during assembly. These models accurately consider the geometry of the products
and enable precise calculation of parameters for the IS process. The research method chosen was the model
of a semi-infinite rod with constraints, which is a well-established part of the theory of welding processes.
Full-scale experiments were conducted to investigate the effectiveness of this mathematical apparatus. The
results unequivocally demonstrated a high degree of correspondence between the model and experimental
data, thus confirming the validity and reliability of the chosen approach. The proposed approach in the article
will significantly reduce labor and material costs for developing the technological process of IS of waveguide
paths. This applies to both correcting existing processes and introducing new standard sizes and materials
of products.

Keywords: modeling, induction heating, waveguide path, technological process, control, automation.
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WCCINEOOBAHUE XAPAKTEPUCTUK BUBPALIUM U LLYMA
CBEPJIUNIbHO-®PE3EPHOIO CTAHKA JET JMD-45LPFD

AHHOTAILUS

[MpencrasneHHOE HCCIeIOBaHIE TIOCBSIIEHO ONTUMHU3ALINN PAa3MEIEHHs JaTIMKOB Ha CBEPIMIILHO-(ppe3epHOM
cranke JET IMD-45LPFD c ucnonbs3oBaHHEeM KOMIUIEKCHOTO aHanu3a BuOpaimu u mryma. OCHOBHAS 1eJTb
WCCIIETIOBAHMUS 3aKITI0YAETCS B MTOBBIMICHUH () (GEKTUBHOCTH YCTPOICTBA IyTEM IPENOCTaBICHUS JaHHBIX
0 TeKyIIIeM COCTOSIHIU CTaHKa, CHCTEME YIPaBJIeHHUS IIPOMBIIUICHHOH 0e3011acHOCThI0. Pa3MenieHne naTaikoB
B 00JIacTsIX MaKCUMAJIbHOM BUOPALlH U IIyMa MO3BOJIIIIO ONYYHUTh TTOJHOE MPEACTABICHUE O TUHAMHYE-
CKOM ITOBE/ICHUH CTaHKa. DTU JaHHbIE YCIIEITHO HHTETPHPOBAHBI B CUCTEMY YIPABIECHHS, UTO CYIIECTBEHHO
YAYYIIHIO MOHUTOPUHT U 00€CIICUHIIO TOBBIIICHUE YPOBHS 0€30MacHOCTH U 3PPEKTUBHOCTH paboTh 000py-
JIOBaHUS.

Kunrouessle ciioBa: cranok JET IMD-45LPFD, KOHTpOJIb OITACHBIX TPOU3BOJCTBEHHBIX (PaKTOPOB, cCHCTEMA
yHpasieHus poMbliuieHHoH Oe3onacHocThio (CYTIB), naTunku.

Jnsa nurupoBanusi: Kynusane 1., Anpakxpacc O. MccnenoBanue XapakTepHCTHK BUOpALUU U IIyMa
ceepiubHO-(pesepHoro cranka JET JMD-45LPFD // Bectauk MI'TY «Crankuny». — 2024, — Ne 1 (68). —
C. 150-158.
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RESEARCH OF VIBRATION AND NOISE CHARACTERISTICS
OF JET JMD-45LPFD DRILLING AND MILLING MACHINE

Abstract

This study focuses on optimizing the sensor position in the drilling and milling machine JET JMD-45LPFD
through comprehensive vibration and noise analysis. The main goal of the research is to improve the efficiency
of the device by providing data on the current state of the machine to the basic process control system (BPCS).
Placing sensors in areas of maximum vibration and noise allowed us to gain a complete understanding of
the dynamic behavior of the machine. This data was successfully integrated into the control system, which
significantly improved monitoring and increased the level of safety and efficiency of equipment.

Keywords: milling and drilling machine JET JMD-45LPFD, noise reduction, vibration reduction, the basic
process control system (BPCS), sensors.
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PA3PABOTKA MOLOEN NOACUCTEMbI ABTOMATU3UPOBAHHON
KOMNOHOBKW ATPETATHOIO CTAHKA HA NPUMEPE KOPIMYCHbIX
OETANEN C LENbIO YMEHbLUEHUA TPYOOEMKOCTU NPOEKTUPOBAHUSA
TEXHOJIOTMYECKOIO ObOPYJOBAHUA

AHHOTAIUSA

BBbIMOIHEH MOHUTOPHHT TEKYIeH NOTPEOHOCTU POCCUMCKUX MALIMHOCTPOUTENBHBIX IPEANIPUATHH B TEXHO-
JIOTUYECKOM 000PYIOBaHUU U3 OT€UECTBEHHBIX KOMIUIEKTYIOIIUX I KPYITHOCEPUIHOTO U MacCOBOTO IIPOU3-
BOJICTBA. YCTAHOBJIEHO, YTO OPraHU3allMU HapalluBalOT 0OBbEMBI IPOU3BOACTBA COOCTBEHHOI MPOAYKIIMU
13-3a BO3POCILETO CIIPOCa HA OT€UYECTBEHHBIE U3EIIN, TIOBBIIIAs TEM CAMBIM CIIPOC Ha IIEpEHAIa)KUBAEMbIE
CTaHKU. BbINoIHEH aHanu3 CymecTBYIOUIMX PEIIEHUH 110 aBTOMAaTH3allMi KOMIIOHOBOK arperaTHbIX CTAHKOB
(AC) u BBIBJIEHBI CYLIECTBYIOLINE OCOOEHHOCTU NMIPOEKTUPOBAHUS TakuX peleHuil. IIpeqioxen anroputm
0 pa3pabOoTKe MOJCUCTEMBI aBTOMATH3UPOBaHHON KoMITOHOBKU AC, pa3paboTaHHBI Ha 6a3e METOI0I0THU
¢dyuxnuonansHoro mopenuposanus IDEF0. Ykazano, yto nuarpamma B metoponoruu IDEFO sBisercs
Haubolee NOAXOMAIIEH IPU CUHTE3€ MPOU3BOICTBEHHO-TEXHUUECKUX U OPraHU3alliOHHO-9KOHOMUYECKUX
cucTeM MeTofaMu (GyHKIMOHAIBHOIO MOJEIUPOBAHHUS, YTO 00ecneunBaeT €€ NPUMEHEHUE B HACTOAIIEM
anropur™e. OTMEYEHO, YTO B OCHOBE IPEJIaracMOro PeLICHHs JIEKUT MOAYIbHBINA MOAXO0J K IPOEKTUPO-
BaHUIO METAJUIOPEXKYIIEr0 000PYI0BaHUS, KOTOPbIH 03BOMISAET IOATOTOBUTH aBTOMATU3UPOBAHHYIO CUCTEMY
HNEPEKOMIIOHOBKH TEXHOJIOIHYECKOro 00opynoBanus. ITo npeanokeHHOMY aaropuTMy Ipou3BeAeHa pa3pa-
60TKa MOJIENTH MTOJICUCTEMbI aBTOMaTH3UPOBAHHOM KOMIIOHOBKH arperaTHOro CTaHKa Ha IPUMepe KOPITY CHBIX
neraneit Ha 6aze CAIIP T-Flex. OnucaHb! IIUPOKKHE BO3MOXHOCTH JUTsl IPUMEHEHUS, JaabHeHel npopaboTku
U PacIIUPEHUS BO3MOKHOCTEH IIPEATI0KEHHOT0 anroputMa. [IpuBenena mpakTudeckas 3Ha4MMOCTb IIpejiara-
€MOT0 PelleHHs [10 COKPAILEHUIO TPYL03aTpaT Ha IPOEKTHPOBAHKE arperaTHbIX CTAaHKOB M yCKOPEHUS BbLIa4u
[IPEABAPUTEIILHOIO KOHCTPYKTOPCKOIO PELICHUS 110 KOMIOHOBKE CTaHKA B TEKYIIUX IIPOU3BOJCTBEHHBIX
YCIIOBUSIX Ha MPENIPUITUSIX, U3TOTaBIUBAOIIUX TEXHOIOTHUecKoe 00opynoBanue. O003Ha4EHO BO3MOXKHOE
[IPUMEHEHUE MPEeUI0KEHHOM MOIeNIU TOACUCTEMbI aBTOMATH3UPOBAHHOI KOMIIOHOBKH arperaTHoro CTaHka
Ha OpUMepe KOPILyCHBIX JieTalell Ipu MPOeKTUPOBAHUH arperaTHOro TEXHOIOTUYECKOro 000pynoBaHUs
B YCJIOBUSIX MMIIOPTO3aMEIICHHUS.

Kawuesble cjioBa: CTaHKH, CTAHKOCTPOCHHUE, arp€raTHbIC CTAHKHW, KOMIIOHOBKH arp€raTHbIX CTaAaHKOB,
CHUCTEMA BU3yaIn3allu CTAaHKOB.

Jost nutupoBanus: Janeunn A.C. , @eodanos A.H. Pazpaborka Mozeny HoicuCTeMbl aBTOMATU3HPOBAHHON
KOMIIOHOBKH arperarHoro cTaHka Ha IpUMEpPe KOPIYCHBIX J€Tasled ¢ LENbl0 YMEHbIIEHHUS TPYI0EMKOCTU
IIPOEKTHPOBaHUS TexHonorudeckoro obopynosanus / Bectuuk MI'TY «Crankuny». — 2024. — Ne 1 (68). —
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DEVELOPMENT OF THE SUBSYSTEM MODEL OF AUTOMATED LAYOUT
OF ROTARY TRANSFER MACHINE ON THE EXAMPLE OF BODY

PARTS IN ORDER TO REDUCE THE COMPLEXITY OF DESIGNING
TECHNOLOGICAL EQUIPMENT

Abstract

Monitoring of the current demand of Russian machine-building enterprises for technological equipment from
locally produced components for large-scale and mass production has been carried out. It has been established
that organizations are increasing the production of their own products due to the increased demand for domestic
products, thereby increasing the demand for reconfigurable machines. The analysis of existing solutions for
automating the layouts of rotary transfer machines has been performed and the existing design features of
such solutions have been identified. An algorithm has been developed and proposed for the creation of rotary
transfer machine layout subsystem, developed on the basis of the IDEF0 functional modeling methodology.
It is indicated that the diagram in the IDEF0 methodology is the most suitable for the synthesis of industrial,
technical, organizational and economic systems using functional modeling methods, which ensures its applica-
tion in this algorithm. It is noted that the proposed solution is based on a modular approach to the design of
metal-cutting equipment, which makes it possible to prepare an automated system for the reconfiguration of
technological equipment. On the basis of the considered algorithm, a model of the subsystem of the automated
layout of the rotary transfer machine was developed on the example of body parts based on T-Flex CAD.
The wide possibilities for the application, further development and expansion of the proposed algorithm are
described. The practical significance of the proposed solution to reduce labor costs for the design of rotary
transfer machines and accelerate the issuance of a preliminary design solution for the layout of the machine
in the current production realities at manufacturing enterprises of technological equipment is given. The
possible influence of the proposed model of the subsystem of automated assembly of rotary transfer machines
on the example of body parts on the design of aggregate technological equipment in the context of import
substitution is indicated.

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