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3KCH€pllMeHma./leble uccs1e008aHuUs 8AUSIHUS eu6pu6Hoeo UHeepmopa Ha Kka1iecmeo
JIeKmpol3Hepasuu

Experimental studies of the effect of a hybrid inverter on power quality

a.7.46. Hxmspekmit 51.9., YA.E. Shklyarskiy, DSc in Engineering
k.T.H. Ckambpra A.H., A.N. Skam'in, PhD in Engineering
Bacwibkos O.C. 0.S. Vasilkov

Canxm-Ilemepbypeckuii 2copuwiil ynusepcumem, — Saint Petersburg Mining University, Saint
Canxm-Ilemepbype, Poccus Petersburg, Russia
s175070@stud.spmi.ru s175070@stud.spmi.ru

Wurerpaiysi anbTEPHATHBHBIX WMCTOYHHMKOB DHEPTHM W PA3JMIHBIX TEXHOJOTHMHA pacmpe/eIeHHOU
TeHepali C CWIOBBIMH JJIEKTPOHHBIMU TIPEOOPA30BATEISIMU B JEKTPHUECKHX CETSAX TNPHBOAHT K
YBEIMUECHUIO pa3HOOOpas3msi CETH, HO MPH 3TOM U K Y)KECTOUCHMIO TPeOOBAaHMI pa3MUHBIX CTaH-
JapTOB, HANpUMEp, OrpaHMYEHHBIH TapMOHMYECKHII COCTaB TE€HEPHPYEMOrO TOKa, HETpephIBHAS
pabora yCTpOICTBa MPU MCKAKCHUM HATIPSDKCHUS] W T.JI. Y UWTHIBas JaHHBIN (akT, B padoTe MPUBO-
JATCS Pe3yNbTaThl 3KCINEPUMEHTAIbHBIX HCCJIEOBAHUM BIMSHUA THOPUIHOTO MHBEPTOpa Ha IOKa-
3aTeNM KayecTBa 2JEKTPOIHEPIMM B TOUKE OOILEro MoAKmouYeHus. bbul paspaboraH 1adopaTopHbIN
CTEHJ], COCTOSIIMI M3 Tpex(a3zHOro THOPUIHOTO MHBEPTOpa, akKyMmynsiTopHoi O6atapen (AKDB), nu-
HEMHOM Harpy3kd B BHUIE AaKTHBHOI'O COINPOTHBIICHUS M KOHJIEHCATOPHOW ycTaHOBKH. VHBepTOp
ObUT MOJKIIOUEH K 2NIEKTPUYECKOM CETH Ha MapajulesibHyl0 paOoTy JJIs MUTaHUS HArpy3KU B BHIIE
aKTUBHOro conpotuBieHus. MccnenoBamick pexuMbl 3apsna AKB u Belmaun MOIIHOCTH B CETh
IpY IBYX BapHalpsX CONPOTHBICHUS CUCTEMBI. BblmaBaeMasi MOIIHOCTH OT MHBEPTOpa BapbHUpOBa-
mach B mpenenax ot 500 Bt go 2 kBt B pexume reHepaimu 3JI€KTPOIHEPTUM B CETh, U B MpeJiesax
or 50 mo 300 Bt B pexume 3apsna AKB. B pesynbraTe 1abopaTOpHBIX HCCIIEAOBAHUNA OBLIN TOTY-
YEeHbl 3aBHCUMOCTHU CYMMAapHBIX TapMOHMYECKHX UcKakeHwil Toka (THDI) npu pazmmasbix pexu-
Max pabOThl MHBEPTOpa W COMpPOTHBJICHWSIX CHCTEMBI. Ha OCHOBAaHWM TIONYYEHHBIX pPE3yJbTaTOB
OBUT pa3paboTaH aJrOpUTM BHIOOpPa METONOB M CPEACTB IO 00ECTICUCHHIO ANIEKTPOMATrHUTHON COB-
MECTHMOCTHU TIpH paboTe HArpy3Kd M THOPUIHOTO MHBEPTOpa C HAKOIMTENIEM SHEPIUH, TO3BOJISIO-
M CHU3UTH BJIMSIHAE THOPWIHBIX MHBEPTOPOB HA MCKA)KCHUE HANPSDKEHMS IMUTAIOIIECH CEeTH.

Knroueeswle cnosa: 2ubpuonvlii uneepmop, akKymyniamopHas bamapes, nokazamenu Ka-
uecmea 31eKmposHepeUU

The integration of alternative energy sources and various technologies of distributed generation
with power electronic converters in electrical networks leads to an increase in the diversity of the
network, but at the same time to the tightening of the requirements of various standards, for exam-
ple, a limited harmonic composition of the generated current, continuous operation of the device
with voltage distortion, etc. Taking this fact into account, the paper presents the results of experi-
mental studies of the effect of a hybrid inverter on power quality indicators at the point of common
connection. A laboratory bench was developed. It consists of a three-phase hybrid inverter, a stor-
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age battery, a linear load in the form of an active resistance and a capacitor unit. The inverter has
been connected to the power supply for parallel operation to supply the load in the form of active
resistance. The modes of battery charging and power delivery to the network with two variations of
the system resistance were investigated. The power output from the inverter varied from 500 W to 2
kW in the mode of generating electricity to the grid, and in the range from 50 to 300 W in the bat-
tery charging mode. As a result of laboratory studies, the dependences of the total harmonic current
distortion (THDI) were obtained for various operating modes of the inverter and system resistances.
On the basis of the obtained results, an algorithm for the selection of methods and means to ensure
electromagnetic compatibility during operation of the load and a hybrid inverter with energy storage
was developed. It makes it possible to reduce the effect of hybrid inverters on the voltage distortion
of the supply network.

Keywords: hybrid inverter, storage battery, power quality indicators.

Jna yumuposanua: Ulkmapckuii 51.9., Cxkambua A.H., BacuwmkoB O.C. Dxcriepume H-
TaJbHBIC WCCJICJIOBAHMS BIIMSTHUS THOPWIIHOTO MHBEPTOpA HA KAa4eCTBO AJIEKTpodHeprum // H3zege-
cmust MI'TY « MAMH». 2021. Ne 3(49). C. 2-9. DOI: 10.31992/2074-0530-2021-49-3-2-9

Cite as: YA.E. Shklyarskiy, A.N. Skam'in, O.S. Vasilkov Experimental studies of the ef-
fect of a hybrid inverter on power quality. Izvestiva MGTU « MAMI». 2021. No 3(49), pp. 2-9 (in
Russ.). DOI: 10.31992/2074-0530-2021-49-3-2-9
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K eonpocy nogwvliuweHus 3ghdhekmueHocmu u 6e30nacHoCcmu IKCnayamayuu moHHeAbHbIX
acKa/1amopos memponoumeHa. ynpaeieHue puckamu

Increasing the efficiency and safety of operation of underground tunnel escalators.

Management of risks
k.T.H. [ToroB B.A., V.A. Popov, PhD in Engineering
Enanues B.B. V.V. Yelantsev
Ilemepbypeckuii 20cyoapcmeeHpill Emperor Alexander | St. Petersburg State
YHUgsepcumem nymetl cooowenusumnepamopa Transport University, Saint Petersburg, Russia
Anexcanopa I, Cankm-Ilemep6ype, Poccus evv3012@gmail.com

evv3012@gmail.com

Ilenap cTaThy — MOMCK MEXAHW3MOB PAHKHPOBAHUS M apOUTpPaKMpOBaHUs MOTpeOHOCTEH (KOM-
IIEKCa TEXHWYECKUX BO3JEUCTBHI), JOCTATOYHBIX I OOECIEeYeHHs HEOOXOAMMOro YPOBHS
HaJIEKHOCTH M O€30MAaCHOCTH TPAHCTIOPTUPOBKUA BO3PACTAIONIMX MACCAXKHUPONOTOKOB. OOBEKTOM
WCCIICJIOBAHKS SIBISIETCSI ACKAJATOPHOE XO3SIMCTBO, a MPEIMETOM — CHCTEMa TEXHHIECKOro 00CIy-
KUBaHMS M peMoHTa. Hay4yHoW HOBM3HOM BBICTYNAeT HCTIOIb30BaHME HMH(POPMAIMOHHBIX TEXHOJO-
T, COJEpXKalMX COYETAaHHEe MaTeMaTHYECKUX MHCTPYMEHTOB, PEaliBYIOIIUMX HEOOXOAUMBbI
(dbyHKIMOHAMN, MU IM(POBOM TpaHC(OPMAIMK CHCTEMbI TEXHUYECKOro OOCITYy)KMBAaHUS M PEMOHTa
ACKaJaTOPHOTO XO3SIHCTBa METPOMNOJUTeHA. B Hauane cTaThu OMUCHIBACTCS OOBEKT IMPUMEHEHUS,
LIeJIb W 33Jla4M KOHIIETIIMK IM(POBOM TpaHCPopMaImy, ee apXuTeKTypa W (yHKIHH, a TaKKe 0CO-
O6enHocty BHeApeHws. [lanee B paboTe aenaeTcs akIEHT Ha TOAAepKaHWM HAJEXKHOCTH U Oe3omac-
HOCTH TPAHCIIOPTUPOBKU TNACCA’KUPOIOTOKOB, KAaK OCHOBHBIX (DYHKIMSAX KOHICTIIMHM. 3aTeM TNpu-
BOJATCA CUTyallMd pucKa (COOBITHS) M 000OIIEHHAs MOnEeNb MX (POPMHUPOBAHMS, PACKPHIBAIOIIAS
MPUYMHHO-CJIEICTBEHHBIN KoMmIUiekc. [locie m3mararoTcst 3ajiaud M caMm MpoLECC YIpaBJeHUs puc-
KaMH, CTPOSIIMICS Ha ONpEeJICHHEe BEJMYUHBI PHCKA, UCXOMHBIC JaHHBIC I KOTOPOTO M3BIICKa-
I0TCA W3 MH(POPMAIMOHHOTO TMPOCTPAHCTBA, COAEPXKALIErO SJIEKTPOHHbIE TOKYMEHTHI, BKIIOUYalO-
IMe, B TOM 4YHUCJE JlaHHble O paboTax (TEeXHMYECKUX BO3AEHUCTBHSIX), @ MOMYYMBILHICS pe3yiIbTat
COOTHOCUTCSI C pa3jMuHbIMU IKanaMu. [loMHMO 3TOro, MareMaTH4ECKWi ammapar yHpaBlICHUS
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PUCKAMH BKJIFOYAET MATPULBL, COAEPKUMOE KOTOPBIX HCIONB3YETCs CTPATETWIMHU MOAJEPIKKH MPH-
HATHS pelueHuid. OmnmMcaHHBIN B pabOTe MaTeMaTHYECKHH alapar peajnsyeT MEXaHW3M PaHKHpO-
BaHW M apOUTPaKMpOBaHUs MOTpeOHOCTEH (KOMIUIEKCa TEXHUYECKUX BO3JAEHUCTBMI), SBISIOLIMNCS
B CBOIO OYepe/b COCTABHOW YAaCThbIO METOIMKU TMOBBIIICHHS JOJITOBEYHOCTH, HAJEXKHOCTH U 0e3-
ONIACHOCTH SKCIUTyaTallM 3CKajJaTOpOB M CBSI3aHHBIX C HUMM OOBEKTOB MH(ppacTpykTypsl. Ilpen-
CTaBJICHHAs! KOHICTIMS TO3BOJSIET HpU Aeuimre pecypcoB (OpMUPOBATH KOMIUIEKC BO3ZICHCTBHIA
IUIl Hauoosiee TPOOJIEMHBIX 3JIEMEHTOB, M TEPEeBECTU SKCIUTyaTalMIO 3JIEMEHTOB ACKAaJIaTOPOB U
CBSI3aHHBIX C HUMH OOBEKTOB HMH(PACTPYKTypbl Ha CHCTEMY IO COCTOSIHHIO, CTIOCOOCTBYIOLIYIO
00OCHOBAaHHOMY YBEJIMUEHUIO HAa3HAYEHHBIX CPOKOB CIIYXKObl C COXpPAaHEHMEM JOCTATOYHBIX YpPOB-
Hell Oe3omacHocTH. B 3akimroueHny NpuUBOIATCS OXKHMIAaeMble NPAKTHUECKUE Pe3yIbTAaThl BHEAPEHUS
KOHLICTIIUH.

Knrwoueswie cnosa: sckanamop, ynpasienue puckamu, yughposas mpancgopmayusi, p e-

CYPCHblIL N00X00, MeXHUYecKoe COCMosaHUe, MeXHUYecKkoe 6030elcmeaue

The purpose of the article is to find mechanisms for ranking and arbitrating needs (a set of tech-
nical actions) sufficient to ensure the required level of reliability and safety of transportation of in-
creasing passenger traffic. The object of the research is the escalator facilities, and the subject is the
system of maintenance and repair. Scientific novelty is the use of information technologies contain-
ing a combination of mathematical tools that implement the necessary functionality for the digital
transformation of the system of maintenance and repair of the escalator facilities of the under-
ground. At the beginning of the article, the object of application, the goal and objectives of the con-
cept of digital transformation, its architecture and functions, as well as implementation features are
described. Further, the work focuses on maintaining the reliability and safety of transportation of
passenger traffic as the main functions of the concept. Then there are presented the situations of risk
(events) and a generalized model of their formation, revealing the cause-and-effect complex. After
that, the tasks and the risk management process itself are shown. These are based on determining
the magnitude of risk, which initial data are extracted from the information space containing elec-
tronic documents, including data on work (technical impacts), and the result is correlated with vari-
ous scales. In addition, the mathematical apparatus of risk management includes matrices, which are
used by decision support strategies. The mathematical apparatus described in the work implements
a mechanism for ranking and arbitrating needs (a set of technical actions), which, in turn, is an inte-
gral part of the methodology for increasing the durability, reliability and safety of operation of esca-
lators and associated infrastructure. The presented concept allows, in case of a shortage of re-
sources, to form a complex of impacts for the most problematic elements, and to transfer the opera-
tion of escalator elements and related infrastructure facilities to a system according to the state that
contributes to a reasonable increase in the assigned service life while maintaining sufficient safety
levels. In conclusion, the expected practical results of the implementation of the concept are pre-
sented.

Keywords: escalator, risk management, digital transformation, resource approach,
technical condition, technical impact.

Jlna yumuposanusn: Ilonos B.A., Enannes B.B. K Bompocy noBbimienus 3¢dekTuBHOCTH
1 0€30MacHOCTH IKCIUTyaTallid TOHHENHHBIX 3CKAJIATOPOB METPOMOIMTEHA. YTIPaBJICHHE PUCKA-
mu /| Hzeecmus MI'TY « MAMH». 2021. Ne 3(49). C. 10-22. DOI: 10.31992/2074-0530-2021-
49-3-10-22
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Memod pacuema mexHU4YeCKUX XapaKkmepucmuk u napamempoe 08uiceHus
Macumae6Hbsix Modesell Ko/1eCHbIX MaWuH, o6ecnedusaiowjuii nodo6ue npomeKanujux
npoyeccoe npu ucnbimaHusix

Method for calculating technical characteristics and parameters of movement of scale
models of wheeled vehicles, ensuring the similarity of the processes during testing

.11 XKuneiikua M.M., M.M. Zhileykin, DSc in Engineering

Kypxnan M.M. M.M. Zhurkin

@DI'BOY BO «Mockosckuil 20cyoapcmeeniblil Bauman Moscow State Technical University,
yuugepcumemum. H.O. baymana», Mockaa, Moscow, Russia

Poccus jileykin_m@mail.ru, mimizhur@gmail.com

jileykin_m@mail.ru, mimizhur@gmail.com

B coBpeMeHHBIX YCIOBHSIX MpU NMPOCKTHPOBAHWM HOBBIX MOJIENIEH aBTOMOOWWIEH BO3SHHKAET IIO-
TpeOHOCTh MPOBEPKH TE€X WIM MHBIX PEIICHHH MO (JOPMHUPOBAHHIO TEXHUYECKOro O0JIMKA HE TOJBKO
METOJaMH HMUTAIMOHHOTO MOJIEJMPOBAHMS, HO W HAa pealbHhIX oOpasmax. HaTtypHele nOpoKHBIE
UCTIBITAHUST aBTOMOOWIEH MO3BOJISIIOT COXPAHAThH IMPH AKCIIEPUMEHTE TOJHOE AUHAMHUYECKOE IOJ10-
Oue, HO WX TMPOBEJCHHE BO3MOXKHO JIMIIH TIOCJIE M3TOTOBJICHHS OMBITHOTO OOpasla aBTOMOOWIIS,
TpeOYIOIero O4YeHh OOJBIIMX MaTepHAILHBIX 3aTpaT. OJHIM W3 TyTEH pelieHUs ATOM MpoOIeMbl
ABISIETCSL CO3/IaHME MOJEJNeH, MpeACTaBIAIONMX COOOH YMEHBIICHHYIO KOIHMIO MPOEKTHPYEeMOTO
TPaHCIIOPTHOTO cpeAcTBa. OCHOBHBIE 3aTpPyJHEHHS, KOTOPbIE BCTPEUAeT IKCIEPUMEHTATOP TP UC-
MBITAHWM MacIITaOHOW MOJENH aBTOMOOWIS, 3aKII0YalOTCs B HEOOXOJUMOCTU TOYHOTO BOCIPOH3-
BCJICHHUS YCJIOBHH, MMCIOIIMX MECTO TpU JBWKCHUM B PEaNbHBIX JOPOKHBIX YCIIOBHSX. Llenbro
JaHHOW PA0OTHI SIBIIETCS HAXOKACHHE CBSI3M MEXIY TapaMeTpaMHu peasbHOrO aBTOMOOWIS H
MacITabOHOM MOJENH JJIsT SKCTICPUM EHTAJILHON OTPabOTKU aNrOpuTMOB pabOThl CUCTEMBI JIUHAM K-
YeCKO CcTaOWwIM3aImy KOJIECHOrO TPAaHCTIOPTHOTO cpeicTBa. Ha ocHoBe Teopuw momoOus mpeisio-
KEH METOJ] pacueTa TEeXHUIECKUX XapaKTEPUCTUK U MapaMeTPOB JIBIDKEHHUS MaCIITAOHBIX MOJese
JUISI peajibHbIX TIOJTHOMACINTAOHBIX KOJIECHBIX MAIIMH MPH 00€CTICUCHHUH TIOJO00MS TMPOTEKAFOIINX
MPOLIECCOB 1T MacIITaOHBIX MOJEJeH U Ul pealbHbIX MamuH. [1oiy4eHsl OCHOBHBIE 3aBHUCHM O-
CTU JJIsI MACIITa0HBIX KOA(POUIMEHTOB IS CIIOBBIX, KHHEMATUIECKHX W pa3MEpHBIX (HaKTOPOB.
MeTonaMu MMUTAIMOHHOTO MOJEJMPOBAHMS JBIDKEHMSI MaciITaOHONM MOJeNd U TolHOMacIuTao-
HOM KOJIECHOM MaIlMHbI TIOATBEP)KIEHO MOM00Me MPOTEKAIONIMX B HUX MPOLECCOB.

Knrwueewie cnosa: macuumabras mooenb, KOHCMAHMblL NOO0OUS, NOO0OUEe OBUINCEHUS,

Nowadays, when designing new vehicle models, there is a need to test certain solutions for the
formation of a technical appearance both by simulation methods and on production samples. Full-
scale road tests of vehicles make it possible to maintain full dynamic similarity during the experi-
ment, but they can be carried out only after manufacturing of a vehicle prototype, which requires a
lot of material costs. One of the ways to solve this problem is to create models that are a reduced
copy of the designed vehicle. The main difficulty that appears when testing a scale model of vehicle
is the need to accurately reproduce the conditions that occur when driving in real road conditions.
The purpose of this paper is to find a relationship between the parameters of a production vehicle
and a scale model for experimental development of algorithms for the dynamic stabilization of a
wheeled vehicle. A method for calculating the technical characteristics and motion parameters of
scale models for real full-scale wheeled vehicles while ensuring the similarity of the ongoing pro-
cesses for scale models and for production vehicles is proposed on the basis of the theory of similar-
ity. The main dependences for scale factors for force, kinematic and dimensional factors are ob-
tained. The similarity of the occurring processes was confirmed by the methods of simulation mod-
eling of the movement of a scale model and a full-scale wheeled vehicle.

Keywords: scale model, similarity constants, similarity of motion.
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Study of the effect of finite element dimensions on the simulation accuracy of adhesive
joint in automotive structures

JIrvo U, Liu Yi,

1.7.H. 3y30B B.H. V.N. Zuzov, DSc in Engineering

MI'TY um. H.D. baymana, Mocxkea, Poccus Bauman Moscow State Technical University,
liuyi941003@gmail.com Moscow, Russia

Liuyi941003@gmail.com

B naHHOI cTaThe M3y4€HO BIIMSHHME Pa3MEpPOB KOHEUHBIX JIEMEHTOB Ha TOUHOCTH MOJIEJIMPOBA-
HUS KJIEEBOTO COEJMHEHHS B aBTOMOOWWIBHBIX KOHCTPYKIMSAX C HCIOJIB30BAHHEM MPOrpaMMHOTO
komiviekca LS-Dyna. MonenupoBanrie OCyIIECTBISUIOCH NPU KBA3HCTATHMUECKOM HATPYKEHHU JIJIS
KJIEEBOTO COEJMHEHMsI «BHaxyiecT». OUEHMBAMCH CBOMCTBA W Pa3pylleHHE KJIEEBOr0 MaTepHaja Io
HATPABJICHUIO CABUTa. XapaKTEPUCTUKHU KIIEEBOI'O CJIOS NOMYYEHbl M3 HKCIIEPUMEHTOB IPH HCIIONb-
30BaHUM THAPOIPECCa | JIPYTUX YCTPOUCTB Mo MexnyHaponueiM ctanmapram ASTM 638-03 u DIN
54451-11. 1978 ¢ pa3HBIMU CKOPOCTSIMH DPA3JBIWKKH M TONIMHAMU KieeBoro cios. M3 skcrepu-
MEHTOB BBISIBJICHO, YTO CBOWCTBA KJIEEBOr0 MaTepHasa CIWIHLHO 3aBUCIT OT CKOPOCTH jAe(opMalii U
TOJIIIMHBI KJIEEBOT0 CJIOS, TIOITOMY 3TO HEOOXOIMMO OBUIO YUMTBIBATH MPHU MOJEIUpoBaHMU. It
pelIeHUss TIOCTABJICHHOW 3ajjaud OBIJIO PEIeHO W OLCHEHO 12 BapWaHTOB KOHEYHO-DJIEMEHTHBIX
MOJIeJIEH, B TOM 4MCJE IIyTEM CpaBHEHUs C pPe3y/bTaTaMM SKCIIEPUMEHTOB I KJIEEBOI'O COEAUHE-
HUS «BHaxyiecT». B pesynpTare aHanmza HampsKeHO-Ie(OpMUPOBAHHBIX COCTOSHHN MOJIEJICH Kile-
€BOr0 COCJMHEHUs IPH KBA3UCTATHUECKOM HATPYXEHHH B MporpaMMHOM Komiviekce LS-Dyna mo-
Jy4€Hbl PEKOMEHAYEMBIM pa3Mep M YHUCJIO CJIOEB KOHEYHBIX 3JIEMEHTOB JJIs1 MOJIEJIMPOBAHUS KJIE€-
BOTO COEJMHEHUS B aBTOMOOWIbHBIX KOHCTPYKLMAX. PalpoHalbHBIN pa3Mep rpaHeil 00beMHOro
KOHEYHOr'0 AJIEMEHTA TPUHAT PaBHBIM 2X2 MM ¢ Y4ETOM MOTPEIIHOCTEN MOJIEIUPOBAHUS U 3aTPaT
MAIlIMHHOTO BPEMEHM JJIsl pacueTa NMPUMEHHTENbHO K MHOTOBAPMAHTHBIM pacyeTaM KOHCTPYKIMI
Ha CTaJMM MPOEKTHpOBaHWs. OIPENENIeHO TaKkKe PEKOMEHIYEMOE YKCIIO CJIOEB KOHEYHBIX 3JIEME H-
TOB B KOHEYHO-3JIEMEHTHOW MOJENH MO TONIIMHE KJIEEBOrO CJIOSl, KOTOpbIE CJIEIYET BBIOpATh AJIs
BBICOKOTOYHOTO OIMMCAaHMS CBOMCTB CKICHKH M obOecrieueHuss 3(pheKTUBHOCTH Bbluucienuil. [lpu
3TOM BBISIBJICHO, YTO YBEJIMUEHHE YNCJAa CJIOEB KOHEUHBIX SJIEMEHTOB HE3HAUMUTEJHHO IMOBBILIIAET
TOYHOCTH MOJIEJIMPOBAHUS M CYIIECTBEHHO yBEIMUMBAeT TpeOyemMoe MalllMHHOE BpeMs JUIA pacye-
Ta.

Knioueevie cnosa: LS-Dyna, «oneuno-snemenmnas Mooenb, HANPAANCEHO-
deghopmuposannoe cocmosinue, Kieegoe coeOUuHeHuUe, pasmep KOHEUHbIX dIeMEeHMO8

This article studies the effect of finite element dimensions on the accuracy of simulation of adhe-
sive bond in automotive structures using the LS-Dyna software package. The simulation was carried
out under quasi-static loading for an “overlapped” adhesive joint. The properties and destruction of
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the adhesive material in the direction of shear were evaluated. The characteristics of the adhesive
layer were obtained from experiments using a hydraulic press and other devices according to inter-
national standards ASTM 638-03 and DIN 54451-11.1978 with different sliding speeds and adhe-
sive layer thicknesses. It was revealed from experiments that the properties of the adhesive material
strongly depend on the deformation rate and the thickness of the adhesive layer, so this had to be
taken into account when modeling. To solve this problem, 12 variants of finite element models were
solved and evaluated, including by comparing with the results of experiments for glued “over-
lapped” joints. As a result of the analysis of the stress-strain states of models of an adhesive joint
under quasi-static loading in the LS-Dyna software package, the recommended size and number of
layers of finite elements were obtained for modeling an adhesive joint in automotive structures. The
rational size of the facets of a volumetric finite element is 2 x 2 mm2, taking into account the mod-
eling errors and the cost of computer time for the calculation in relation to multivariate calculations
of structures at the design stage. It was determined the recommended number of layers of finite el-
ements in the finite element model by the thickness of the adhesive layer, that should be selected for
a highly accurate description of the gluing properties and ensuring the efficiency of calculations. At
the same time, it was revealed that an increase in the number of layers of finite elements insignifi-
cantly increases the accuracy of modeling and significantly increases the required computer time for
the calculation.

Keywords: LS-DYNA, finite element model, stress-strain state, adhesive joint, size of fi-
nite elements.
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Assessment of vehicle damage from the point of a complex technical system with its own

structure
Tymap WY, I.1. Tupitsyn*,
K.T.H. 3y6pucbknii C.I'. S.G. Zubris'kiy*, PhD in Engineering
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B cratbe B BHie anropurMa OLEHKH JUATHOCTUYECKHX MapaMeTpoB (BEPOSTHBIX CBsI3€H) pac-
CMaTpPUBAETCS YaCTh UCCIENOBAHUS MOCIEPEMOHTHOM HAIEKHOCTH TPAHCIOPTHBIX CPEICTB C TOUKU
3peHus. NPEICTABIICHU MX B KAa4€CTBE CJIOKHOM TEXHHMUECKOW cuCTeMbl. Ha ceromusiHuii AeHb
npobiieMa HaAEKHOCTU TPAHCIOPTHBIX CPEJCTB B AKCIUIyaTalldd 3aKOHOJATENILHO MOCTaBIICHA HA
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KOHTpOJIb Tipe3ufeHToM P® u BXogur B cTpaTervio Mo oOecTieueHHt0 0€30MacHOCTH JTOPOYKHOTO
nekenus 10 2023 ropa, siBisitonierocs yactbio HamponansHoro mpoekra «be3onacHsie JOpOr.

HcxoaHpIMU TAaHHBIMU KCCIICJIOBAHKMS HA STalle OLEHKU BEPOSTHBIX CBA3ECH SBIAIOTCS MapaMmeT-
pbl JBIDKEHMSI TPAHCIIOPTHOIO CpEACTBAa B TMpeJaBapuiHBIN HHTEpBajd BPEMEHH W HAMPsHKEHEE,
JEeUCTBYIOIIEE B MECTE KOHTAKTa HCCJENyeMOro oObeKTa, MOMyueHHOEe MCXONsl W3 ITHX MapameT-
poB. OCHOBHBIM METOJIOM OILICHKH SIBIIIETCSI MOACYET SYEEK Pa3HOro THIA TI0 METOY CETOK B 3aBU-
CUMOCTH OT XapaKTepa TMOBPEXKICHUS TPAHCIIOPTHOIO CPEJCTBAa. B IEmsIX JIEKOMIO3MIIMM MECTa
KOHTaKTa Ha SYCHKU Pa3HOTO THUIIA PEKOMEHIYETCs HCIOIb30BaTh COOTBETCTBYIOIIUE TIOBEPCHHBIC
CpelcTBa M3MEPEHHI U aTTECTOBaHHOE OOOpydoBaHHE: AedeKTOCKomsl u mpouee. s ygoOcTsa
NPUMEHEHUsT aJrOPUTMa W CHIDKCHUSI TIOTPEIIHOCTH HWCTIONH30BAHKS TPHUBEIEHHOM MaTeMaTHd e-
CKOM MOJIeNT B KOMIUICKCHOM OICHKE HaJIE)KHOCTH TPAHCTIOPTHBIX CPEJICTB B CTAThE TPHUBOIUTCS
onpe/ieieHie TPUBEAEHHOTO 00BEMA M TIONPABOYHBIX KOA((HUIWE HTOB.

BbBIXOMHPIMU JTaHHBIMH QJTOPUTMa OLECHKU JHUATHOCTUYECKHX MapaMeTpOB SBIISIOTCS YTOUYHE H-
HbIe 3HAYCHHS HATNPSKEHHMM B MECTE KOHTAKTa HCCJeyeMOoro o0beKTa, a Takke JeTallbHas KapTHHA
pacrnpenencHusi dHeprum nedopmaimu B o0bekTe. B pe3ympTare, MONydeHHbIE BEJIMYWHBI MOTYT
OBITh WCTIOJNIL30BAaHBI JUUISI JaJbHEHWINICH OLECHKM W3MEHEHUS PETJIaMEHTUPOBAHHBIX 3HAYCHHUN
CBOWMCTB TPAHCIIOPTHOTO CPEJICTBA, YCTAHOBJICHHBIX M3TOTOBHUTEJIEM W KOHTPOJIHMPYEMBIX B pamMKax
CUCTEMBI MPEIYNPEKICHUS OTKA30B MM TEXHAYECKOrO OCMOTpA.

Knroueswie cnosa: ocmamounsiii pecypc, mpauncnopmuoe cpeocmeso (1C), oyenka no-
epedicoeruss, 00poxcHo-mpancnopmuoe npoucurecmsue (J[TI1).

There is considered a part of the study of post-repair reliability of vehicles from the point of a
complex technical system in the form of an algorithm for evaluating diagnostic parameters (proba-
ble connections). The problem of the reliability of vehicles in operation is legally put under the con-
trol of the President of the Russian Federation and is included in the strategy for ensuring road safe-
ty until 2023, which is part of the National Project “Safe Roads”.

The initial data of the study at the stage of evaluating probable connections are the parameters of
the vehicle movement in the pre-accident time interval and the voltage acting at the contact point of
the object, which is obtained based on these parameters. The main method of assessment is the cal-
culation of cells of different types using the grid method, depending on the nature of the damage to
the vehicle. In order to decompose the contact point into cells of different types, it is recommended
to use appropriate certified measuring instruments and certified equipment: flaw detectors and so
on. For the convenience of using the algorithm and reducing the error of using the given mathemat-
ical model in a comprehensive assessment of the reliability of vehicles, the article provides a defini-
tion of the reduced volume and correction coefficients.

The output data of the algorithm for evaluating diagnostic parameters are the updated values of
stresses at the contact point of the object under study, as well as a detailed picture of the distribution
of strain energy in the object. As a result, the obtained values can be used for further evaluation of
changes in the regulated values of the vehicle properties established by the manufacturer and con-
trolled within the framework of the failure prevention system or technical inspection.

Keywords: residual resource, vehicle, damage assessment, road traffic accident (RTA).
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B nmanHOM cTaThe MPOBEIEH CPAaBHUTEJIbHBIN aHAJM3 pa3IM4HbIX Hakomurenei sneprud. [Ipose-
JI€H TIOAPOOHBIH 0030p M aHAM3 MOJEKYJSIPHBIX HAKOIMUTEJICH SHEPIruM, ONpeJIeJIeHbl X OCHOBHBIC
XapaKTEePUCTUKHU U MapaMeTphl, a Takke 00JaCTU MPUMEHEHUS.

OmnpenesieHbl OCHOBHBIE THIIBI MOJIEKYJISPHBIX HAKOIMTEJE SHEPIUM: KOHAEHCATOPBI C JBOMHBIM
ANIEKTPUUECKUM CJIOEM, TICEBJOKOHIEHCATOpPhl, THOpHIHbIE KOHIeHcaTopbl. [lpuBeneHo cpaBHeHHe
XapaKTEepPUCTUK pa3IMuHBIX ANIEMEHTOB IMraHus. [IpeacTaBiieHbl mapaMeTpbl Pas3iIMYHbIX HAKOIU-
tened sHepruu. [lpaBeneH aHamM3 MOJEKYJSIPHBIX HAKOIUTEJIEH SHEPrUMU U aKKyMYJSITOPOB, BBISIB-
JIEHBI UX MPEMMYILIECTBA U HEJIOCTATKH.

[TokazaHo, 4TO  MONEKYJSIpPHbIE HAKOIMMTEIM SHEPIUM WIM 3JIEKTPOXUMHUYECKHE KOHIEHCATOPBI
C JIBOIHBIM CIJIOEM, SIBJISIIOTCSI WEabHBIMU CUCTEMaMU HAKOIUIEHHS] SHEPrUU BCJIEICTBUE BBICOKOM
YIETbHOM SHEprud, OBICTPON 3apsiAKK M OOJBIIOrO0 CPOKa CIY)KOBI 1O CPaBHEHHIO C OOBIYHBIMHU
KOHJIEHCATOpaMH.

B cratbe mpencTaBieHbl OCLWLIOIPaMMBbI JIMTUI-UOHHOTO aKKyMyssiTopa ¢ HanpsbkeHuem 10,8
B mpu ummynbcHOM TOKe HArpy3ku 2A HOyTOyKa TNpH BKIIOUEHHM MOJICKYJISIPHOTO HAKOMUTEIS
SHEPruM M 0€3 HEeTo, a TAaKKe OCIUIOIPAMMBI JIMTH-HOHHOTO aKKyMyJsTopa ¢ Hanpspkerrem 10,8
B npu mapannensHOM BBIKIIOYEHHEM MOJIEKYJISIPHOrO HAKOMUTENSI 3HEpruM eMKocThio 7 @ u 6e3
Hero ju1s HoytOyka ¢ DVD. IlpuBenenHbiii cpaBHUTEIBHBIN aHAIM3 MOKA3bIBAET, YTO NPU BKITIOY €-
HUM BBIKJIIFOYEHUEM MOJIEKYJISIPHOIO HAKOIMUTEJSI SHEPIMU €MKOCThIO 7 D 3HAUYUTENbHO YIIy4IIaroT-
Csl TIepeXOJIHbIE TPOIECCHhl U HE TMPOMCXOIUT TPOBAJIOB HANpsDKEHHMs  ruraHusd. [IpuBeneHsl 3aBU-
CHMOCTH BpE€MEHH PaOOThI JIMTHH-UOHHOTO akkymyssitopa 3,6 B 600 MA4 mpu Harpyske 2 A 1jst
MUTAHUS YCTPOMCTB MOOWIHHOM COTOBOM CBSI3M TPU BKIFOYEHHM MOJICKYJISIPHOTO HAKOIMTEJIS
sHeprun U Oe3 Hero. [loka3aHo, YTO MpU BKIIOYEHUH MOJIEKYJSIPHOTO HAKOIUTENS SHEPrHH BPEeMs
paboThI aKKyMyJsITOpa yBesmuuBaeTcs noutu Ha 20%.

Knwuegvle cnosa: nakonumensv snepauu, KOHOEHCAMOp, MOAEKYAAPHbIE HAKONUMELU
9HepauU, INeKMpPOXUMULECKUL KOHOEHCamop, NCe800KOHOEHCAMOp, PedtCUM 3apsaod, 31eK-
MPOHUKA, 2UOPUOHDBIE CUCMEMbL HAKONLEHUS IHEPSUU.

This article provides a comparative analysis of various energy storage devices. A detailed review
and analysis of molecular energy storage units is carried out, their main characteristics and parame-
ters, as well as their application areas, are determined.

The main types of molecular energy storage are determined: electric double layer capacitors,
pseudo capacitors, hybrid capacitors. Comparison of the characteristics of various batteries is given.
The parameters of various energy storage devices are presented. The analysis of molecular energy
storage devices and accumulators is carried out. Ttheir advantages and disadvantages are revealed.

It has been shown that molecular energy storage or double layer electrochemical capacitors are

10 Ussectus MI'TY «MAMM» Ne 3(49), 2021



Pegepats! crareit

ideal energy storage systems due to their high specific energy, fast charging and long life compared
to conventional capacitors.

The article presents oscillograms of a lithium-ion battery with a voltage of 10.8 V at a pulsed
load current of 2A of a laptop with and without a molecular energy storage device, as well as oscil-
lograms of a laptop with DVD lithium-ion battery with a voltage of 10.8 V with a parallel shutdown
of a molecular energy storage device with a capacity of 7 F and without it. The comparative analy-
sis shows that when the molecular energy storage unit with a 7 F capacity is switched on and off,
transient processes are significantly improved and there are no supply voltage dips. The dependenc-
es of the operating time of a 3.6 V 600 mAh lithium-ion battery at a load of 2 A for powering mo-
bile cellular devices with and without a molecular energy storage are given. It is shown that when
the molecular energy storage device is switched on, the battery operation time increases by almost
20%.

Keywords: energy storage, capacitor, molecular energy storage, electrochemical ca-
pacitor, pseudo capacitor, charge mode, electronics, hybrid energy storage systems.
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Hoenmugukayus napamempoas Kypco8ozo d8uxiceHUs agmomoo6uis ¢ UCN0/1b308aHUEM
cuzma-mo4yeyHozo hurbmpa Kaamana

Identification of vehicle directional parameters using the sigma-point Kalman filters

Yammirua A.B., A.V. Chaplygin,
k.T.H. Kymukos 1.A. I.A. Kulikov, PhD in Engineering

T'ocyoapcmeennviii nayunoii yenmp Poccutickoti  Central research and development automobile

@eoepayuu OI'YII «tHAMW», Mockea, Poccuss  and engine institute NAMI, Moscow, Russia
chaplyghin.94@mail.ru chaplyghin.94@mail.ru

B crarbe paccmarpuBaercs npobiieMa HIEHTU(PUKAIMM NapaMeTpOB KypCOBOIO JIBIDKCHUS aB-
TOMOOWISI, KOTOpbIE HEOOXOMMMBI I paboThl cucteM akTmBHOM Oe3omacHoctu (CAB). OtcyTt-
CTBHE BO3MOXKHOCTH OMNPEACISITh 4acTh HeoOXomumbix sl (pyHkimonupoBanmsi CAbB mapameTpoB
MyTeM NpSMBIX M3MEPEHH OOPTOBBIMH JaTUYMKaMH (B CHIIy OTCYTCTBHSI COOTBETCT BYIOIIMX JaT4H-
KOB B CEpHHMHBIX aBTOMOOWISIX) OOYCJaBIMBAET aKTyaJbHOCTh MPUMEHEHHS NIl WIEHTH(PUKALMH
ATHX MapPaMETPOB KOCBEHHBIX BBIYUCIMTEIBHBIX METO/IOB, KOTOPhIE OCHOBAHBI HA MAaTEMAaTHUIECKHX
CTPYKTYpax, Ha3bIBa€MbIX HaOIOAATEIIMU.

Lenp wHacTosmel pabOTHI 3aKIOYAETCS B CO3/IaHMM CHCTEMBI HWIACHTHU(DHKAIMU TapaMeTpOB
JIBIDKCHUsI aBTOMOOWISA, KOTOpasi, WCTIOJIb3Ysl JOCTYMHbIE HA OOpPTY aBTOMOOWIS M3MEPEHHS U Ma-
TeMaTHUECKUI armapaT Teopur HaOoJaTelieidl W ONTUMANbHBIX (DIIBTPOB, KOCBEHHBIM 00pa3oM
ompeieNisieT HeM3MepsieMble MapaMeTphl, MPEACTABISIIONINE BaXKHOCTH sl pabOThl CUCTEM aKTHUB-
HOI 0€30MacHOCTH.

Ha ocHoBanmm aHamm3a CyIIeCTBYIOIMX METOJOB M MHCTPYMEHTOB MpeJJIOKeHa cxema Habliro-
JaTes TapaMeTpPOB KypCOBOTO JIBIDKEHMS aBTOMOOWWIS C WCIONB30BAHHEM CHUIMa-TOYEYHOTO
¢wbTpa Kamvana. HaGmogaTens uneHTHQUIMpYeT OOKOBYIO COCTABJIAIOLIYI0 BEKTOpPAa CKOPOCTH
aBTOMOOWISI, KO(p(uIMEeHT OOKOBOIO CIEIUICHUS IIMH C OTMOPHOM MOBEPXHOCTHIO M YITIBI YBOAA
KOJIEC TOCPEJICTBOM MOJEIN AMHAMHUKA aBTOMOOWIS U OOPTOBBIX MHEPLMAJBHBIX aTUYHKOB, U3M €-
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PSIONMX JIMHEWHBIE YCKOPEHHSI M CKOPOCTH PHICKAHHS aBTOMOOWIS.

PaborocniocoOHOCTh U aIeKBaTHOCTh HAOJIOJATENs MOATBEPIKICHA IyTeM COINOCTABICHHS WIe H-
TUQUIMPYEMBIX MM MapaMeTpoB C NPSAMBIMU HM3MEPEHHSMH, BBINOJHEHHBIMHU B XOJ€ JJOPOMKHBIX
UCTIbITAaHUN aBTOMOOWIA. B kauecTBe Mephl OLIEHKM TOYHOCTH UCTIONb30BAJACh CPEIHEKBaApaTHy e-
CKas OHMOKa MIEHTH(QUKAIMM OTHOCUTENBHO NPSIMBIX M3MEPEHUI MapamMeTpoB KypCOBOIO JIBIDKE-
Hus. JlomonHUTENbHASL OICHKA aJI€KBAaTHOCTH TPOM3BENICHA IyTeM CpPaBHECHHSI WIICHTH(PUIMPOBA H-
HOW XapaKTepUCTUKU CLEIVICHUS (3aBUCMMOCTH Kod(hpuimeHTa CIEIUIeHHs OT yIyla YBoAa) C Xa-
PAKTEPUCTUKOH, INOITYYECHHOM IIyT€M AaIlPOKCUMAIMK C IOMOIIbI0 MAaTEMaTUYECKOW MOIENM IIH-
Hel. OneHka MOKa3ajga Xopollee KauecTBO HISHTU(PUKAIMM TapaMeTpOB KypCOBOIO IIBIDKEHMS,
obecrmieunBaeMoe pa3pabOTaHHBIM HAOJIOIaTEIEM, YTO AT OCHOBAHMSI CUUTATH €T0 MOJIe3HBIM WH-
CTPYMEHTOM JJISl UCCIIEIOBAHMS U Pa3paOOTKU CUCTEM aKTHBHOM 0€30MaCHOCTH.

Knrwouesuvie cnosa: xypcosoe ogudicenue agmomoous, uoeHmuurayus napamempos,
Habwoamens, cuema-moveunvii puromp Karmana

The article discusses the problem of identifying the parameters of the wvehicle's directional
movement, which are necessary for the operation of active safety systems (SAB). The inability to
determine some of the parameters necessary for the functioning of the SAB by direct measurements
with on-board sensors (due to the absence of corresponding sensors in production vehicles) makes it
relevant to use indirect computational methods for identifying these parameters, which are based on
mathematical structures called observers.

The purpose of this work is to create a system for identifying vehicle motion parameters, which,
using the measurements available on board the vehicle and the mathematical apparatus of the theory
of observers and optimal filters, indirectly determines unmeasured parameters that are important for
the operation of active safety systems.

Based on the analysis of existing methods and tools, a diagram of the observer of the parameters
of the vehicle's directional movement using the sigma-point Kalman filter is proposed. The observer
identifies the lateral component of the vehicle speed vector, the coefficients of the lateral adhesion
of the tires to the supporting surface and the wheel slip angles using the vehicle dynamics model
and on-board inertial sensors that measure the linear acceleration and yaw rate of the vehicle.

The observer's performance and adequacy was confirmed by comparing the parameters he identi-
fies with direct measurements made during road tests of the vehicle. There was used a root-mean-
square error of identification as a measure for assessing the accuracy with respect to direct meas-
urements of the parameters of course movement. An additional assessment of the adequacy is made
by comparing the identified grip characteristic (the dependence of the coefficient of adhesion on the
slip angle) with the characteristic obtained by approximation using a mathematical model of the
tire. The assessment showed a good quality of identification of course movement parameters pro-
vided by the developed observer, which gives grounds to consider it a useful tool for research and
development of active safety systems.

Keywords: vehicle directional movement, parameter identification, observer, sigma-
point Kalman filter

Jlna yumuposanusn: Yamwmwirua A.B., Kymiko U.A. Wnenrudukaiys napameTpoB Kyp-
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HccaedosaHue 3Ko0102u4ecKUX nokazamedeii ousens npu pa6ome Ha
MHO20KOMNOHEHMHOM Guomon/iuge

Investigation of the environmental performance of a diesel engine when operating on
multicomponent biofuel

n.1.4. [Inorankos C.A., S.A. Plotnikov, DSc in Engineering
k.T.H. Ceprees /I.T"., D.G. Sergeyev, PhD in Engineering
k.T.H. CMonbHIKOB M.B., M.V. Smol'nikov, PhD in Engineering
[y AN A.1. Shipin

Bamckuii cocyoapcmsennviil yHugepcumem Vyatka State University, Kirov, Russia
(Baml'Y), Kupos, Poccus PlotnikovSA@bk.ru

PlotnikovSA@bk.ru

MecTHple BUIBI TOIDMBa 3aHMMArOT 33,6% B TommBHOM Oamance KupoBckoit obmactu. [oms
noTpeOJeHns] MECTHBIX BUIOB TOIUIMBA B PETHOHE SIBJISETCS OHOM M3 caMbIX BBHICOKUX B Poccum.

B Bstckom rocymapctBenHoM ynuBepcuretTe (Bsatl'V) B corpynnmaectBe ¢ benopycckoii rocy-
JApCTBEHHOM celibckoxo3siicTBenHol akanemuenl (BI'CXA) Begyres ucnblTanus paboThl aBTOTpaK-
TOpHBIX JAM3eNiel Ha TOIUIMBax c jo0aBkamu parcoBoro macia (PM) u sranonma (), M UCKPOBBIX
JBC ¢ nob6askamu renepatoproro raza (I'T’). HoBeiM HampaBieHHeM pa®OThl HAYYHOH IIKOJIBI 5B-
JeTCsl UCCIE/I0OBaHME NPHUMEHEHUs MHOIOKOMIIOHEHTHBIX COCTaBOB OMOTOIUIMBHBIX KOMIO3UIMNA
(MKBTK-15 u MKBTK-25). Ucnons30BaHre TaKMX COCTABOB B Ka4€CTBE TOIUIMBA JIJISI TIO3BOJISIET
CKOMIICHCUPOBATh OTJIE€JIbHBIE OTJMYUTENbHbIE WX CBOMCTBA Il JasbHeumero npuMmeHenus B [IBC
0e3 IMEHeHNsT KOHCTPYKIIMH U PETYIIMPOBOK.

Hcnons3oBanue anbTepHaTuBHBIX TowB (AT) B JIBC sBisercs akTyalbHOW TEMOM AJI HCCIIe-
noBanus. OIHAKO JJIST MCTIONB30BaHMS JTOOBIX AT Hy)KHO, YTOOBI AKOJOTHMYECKUE TOKa3aTeNu ABU-
rateyisi OCTaBaJINCh B JOMYCTUMBIX Mpejienax. BaxHoil 3amaueil sBaseTCs onpeiesieHHe 3aBUCHM O-
CTel BBIOPOCOB TOKCMYHBIX KOMIIOHEHTOB OT HArpy3KH.

[Mpumenerne MKBTK-15 1 MKBTK-25 B xauectBe AT mis nBurateseil yiaydmdT SKOJIOTHY €-
CKyI0 OOCTAaHOBKY B PErMOHE W COKpaTUT MOTPeOHOCTH B TOBApHOM ToIUMBe. Pabora nusens Ha
MHOTOKOMIIOHEHTHBIX OMOTOIUIMBHBIX KOMTIO3HMIMSAX JAET BO3MOXXHOCTH CHM3UTH JBIMHOCTH Ol Ha
65% u 85%, conepkaHue CyMMapHBIX OKCHIOB a30Ta OCTAETCS Ha MPENKHEM YPOBHE WIM HECKONb-
KO CHIDKaeTcsl.

OTMmeuaeTcss HEKOTOpOE YBEJMUEHHE coiepkaHus yriekucioro raza CO; no 22,3%, perienus
JTAHHOW TIPOOJIEMBI JaBHO M3BECTHHI. OJIHUM W3 CTIOCOOOB SIBJIIETCS COXPAaHEHHE M YBEJIMYEHHE O 0-
peanbHBIX JIECOB, KOTOpbIE 00JaJal0T OOJBLIIMMH BO3MOXKHOCTSIMM TOTJIOIICHUS IMApHUKOBBIX Ia-
30B.

Kniroueswie cnosa: ouzenwv, aromepramugrnoe monaueo, MKBETK-15, MKBTK-25, sxo-
Jlo2udecKue nokasamenu, ompadomasuiue 2asb.

Local types of fuels occupy 33.6% in the fuel balance of the Kirov region. The share of con-
sumption of local fuels in the region is one of the highest in Russia.

The Vyatka State University (VyatSU) in cooperation with the Belarusian State Agricultural
Academy (BSAA) carry out the tests of the operation of automotive diesel engines on fuels with
rapeseed oil (RO) and ethanol (E) additives, and spark internal combustion engines with generator
gas (GG) additives. A new area of work of the scientific school is the study of the use of multicom-
ponent compositions of biofuel compositions (MKBTK-15 and MKBTK-25). The use of such com-
positions as a fuel compensates some of their distinctive properties for further use in internal com-
bustion engines without changing the design and adjustments.

The use of alternative fuels (AF) in internal combustion engines is a main topic for research.
However, the use of any AF requires that the environmental indicators of the engine remain within
acceptable limits. An important task is to determine the dependences of the emissions of toxic com-
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ponents on the load.

The use of MKBTK-15 and MKBTK-25 as AF for engines will improve the environmental sit-
uation in the region and reduce the need for commercial fuel. The operation of a diesel engine on
multicomponent biofuel compositions makes it possible to reduce the smoke content of exhaust
gases by 65% and 85%, the content of total nitrogen oxides remains at the same level or slightly
decreases.

There is a slight increase in the content of carbon dioxide CO, up to 22.3%, but the solutions to
this problem are already known. One of the ways is to preserve and increase boreal forests, which
have great potential for absorbing greenhouse gases.

Keywords: diesel, alternative fuel, MKBTK-15, MKBTK-25, environmental indicators,
exhaust gases.
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A virtual test bench for determining the loads in the air suspension of the rear trolley of a
truck at the early stages of design

Maxkcumos P.O., R.O. Maksimov,

K.T.H. Ynuekun U1.B. I.V. Chichekin, PhD in Engineering

MTITY um. H.D. Baymana, Mockea, Poccus Bauman Moscow State Technical University,
romychmaximov@gmail.com, hiv2@mail.ru Moscow, Russia

romychmaximov@gmail.com, hiv2@mail.ru

Jlns ompeneneHuss MaKCUMaJbHBIX HATPY30K, NEHCTBYIOIIMX B 3aJHEW NMHEBMATHUECKOMU TOJIBE C-
KA TPy30BOrO aBTOMOOWIS, Ha pPAHHMX CTaJUAX MPOSKTHPOBAHUS WCTIONH30BAHO KOMIILIOTEPHOE
MOJIEJIMPOBaHNE, OCHOBAaHHOE HA PEIICHWM YPaBHEHMH TUHAMHKH TBEPIBIX TEJI M PEajM30BaHHOE B
nporpaMMHOM KoMmiuiekce Recurdyn. TToapoOHO paccMOTpeHbI KOMIIOHEHTHI pa3pabOTaHHOTO
BUPTYAJIbHOI'O CTCHIAA, BKIIOYAIOMICTO IHMAPHUPLI, CWIOBBIC CBA3H, BCAYIIUC MOCTBI, KOJICCHO-
CTYIWYHBIA y3€Jl C KOJIECOM M OTOPHOM IUIONIAJIKOW. Y TIpaBJICHHE CTEHIOM OCYIIECTBISICTCS C TIO-
MOIIPI0 MAaTeMaTHIECKON MOJEIH, CO3[aHHOM B Cpelie pacueTa JMHAMUKH TBEPIBIX TEJ U CBS3a H-
HOW C TBEPAOTEIBHOM MOENBIO TMOABECKH MPOrPaMMHBIMU CTaHIAPTHBIMH CPEIICTBAMU TPHIIOKE-
Husg. B ympasisronieid Mojeny peamiByroTcs HanOoJee TSKEIbIe PEeKHMBI HATPY)KSHHS DJIEMEHTOB
3aJHeH MHEBMATHUECKOH MOABECKH IPy30BOro aBToMoOwsi. [IpuMeHeHre Takoro creHaa mo3Boiisi-
€T OIpElICIIMTh HATPY3KU B IIAPHUPAX M CWIOBBIX CBS3SIX TMOJIBECKH, ONPEICIUTh B3aMMHBIC TIOJIO-
KECHUS 3BEHBEB MJISI KaXIIOr0 HATPY30YHOIO pPEXKKMMa, TIOBBICUTH TOYHOCTH pacueTa Harpy3o0K M0
CPaBHCHHIO C IUIOCKMM KHHEMAaTHYECKHM W CIIOBHIM pacyeToM. Tarke MaremMaThdeckas MOJeib
BUPTYaJIbHOTO CTEHA TO3BOJSIEM IPOBOAWTH MHOTOUHCIICHHBIE TMApaMeTPUIECKUE HCCIIeIOBAHKS
MOJIBECKU 0€3 TPHBJICYEHHS JIOPOTOCTOSAIIMX HATYPHBIX IMPOTOTHIOB. DTO TIO3BONSET HA PAHHHX
CTaJMsIX MPOSKTUPOBAHKS OMPEJEIUTh BCE OMACHBIE PEKUMBI, TIOJ00PaTh PaIMOHAILHBIC MapaMeT-
PBI 2JIEMEHTOB TOJIBECTH, COKPATUTh 3aTPAThl HA MPOCKTUPOBAHHE.
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B pabotre mokasaHel pe3ylbTaThl MOJCIMPOBAHKS Ppa0OTH BHPTYaJILHOIO CTEHIA C TTHCBMATHY €-
CKOM TIOJJBECKOM B HaWOOJNiee TUIMYHBIX PEKMMaX HATPYKCHFS, BBISABICHbI HauOOllee OMACHBIE pe-
*uMbl. JlokazaHa paOGOTOCTIOCOOHOCTHh M aJIEKBATHOCTh PabOThl MAaTEM aTHYECKOM MOJIEIH TOIBEC-
ku. [lokazaHpl TpEUMEphbl ONPEJEIICHUS YCHIMS BO BCEX INAPHUPAX KOHCTPYKIMH, BBIOOp MaKCH-
MaJIbHbIC HATPY3KH JUIS TPOBEJICHUS KOHCTPYKTOPCKUX PACUYETOB MPU NMPOSKTHPOBAHMU IHEBMAT U-
YeCKOM MOJIBECKH aBTOMOOMIA.

Kniouesvie cnosa: supmyaivbhuiii cCmeHo, NHEGMamuieckast n008ecKa, OUHAMUKA mEep-
Ovix men, pacuem nazpysok, Recurdyn

To determine the maximum loads acting in the rear air suspension of a truck at the early stages of
design there was used computer modeling based on solving equations of dynamics of solids and
implemented in the Recurdyn software. The components of the developed virtual test bench, includ-
ing hinges, power connections, drive axles, a wheel-hub assembly with a wheel and a support plat-
form, are considered in detail. The test bench is controlled using a mathematical model created in
the environment for calculating the dynamics of rigid bodies and associated with a solid suspension
model by standard software tools of the application. The test bench is controlled using a mathemati-
cal model created in the environment for calculating the dynamics of rigid bodies and associated
with a solid suspension model by standard software tools of the application. The use of such a test
bench makes it possible to determine the loads in the hinges and power connections of the suspen-
sion, to determine the mutual positions of the links for each load mode, to increase the accuracy of
the calculation of loads in comparison with the flat kinematic and force calculation. The mathemati-
cal model of the virtual test bench allows to carry out numerous parametric studies of the suspen-
sion without the involvement of expensive full-scale prototypes. This makes it possible at the early
stages of design to determine all hazardous modes, select rational parameters of the elements, and
reduce design costs.

The paper shows the results of modeling the operation of a virtual test bench with an air suspen-
sion in the most typical loading modes, identifying the most dangerous modes. The efficiency and
adequacy of the mathematical model of the suspension was proved. Examples of determining the
force in all the joints of the structure, the choice of maximum loads for design calculations when
designing the air suspension of vehicle were shown.

Keywords: virtual test bench, air suspension, rigid body dynamics, load calculation,
Recurdyn
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3a4acTyio C NEJbI0 TOBBIIICHHS 3()PEKTUBHOCTH TPAHCTIOPTHBIX CPEACTB, pabOTAIOIINX HA JTH-
3€JILHBIX JIBUTATENSAX, HA HUX YCTAHABIMBAIOTCSA TPyOoHanayBbl. YacTh 3(pdekTUBHOCTH pabOTHI
caMuX TypOOHAJyBOB 3aBHCUT OT ONTHMAIIbHBIX XapaKTEPUCTUK MX PabOdMX KOJeC, KOTOphIE, B
CBOIO OYEpe.lb, TOCTUIAIOTCSI BBIOOPOM TMOAXOSIIMX MATEPHUAJIOB JJISi M3TOTOBICHUS MMIICIUIEPOB.
BaxHbIM CBOMCTBOM MaTepuaja TYPOMHHOTO Kojieca SIBISIETCS >KapOCTOMKOCTH K TOCTYMAIOIIUM
OTpa0OoTaBIIMM Ta3aM, a KOMIIPECCOPHOTO — CTOWKOCTh K JIAaBJICHUIO BO31yXa, OJHOBPEMEHHO IO-
JAIOMIETOCs] K HEMY U HATHETAIOMIETOCS WM.

B pabore Bompoc moBbleHus 3(PHEKTUBHOCTH PabOTHI CUCTEMBI TypOOHAI1yBa paccMaTpHUBa-
€TCSI B KOHTEKCTE CPaBHCHUS TPEX MaTepHasioB (HUKEJIEBBIH M TUTAHOBBIN CIUIABHI, KOHCTPYKIMOH-
Hasl CTallb), NpeJJlaraeMbIX JJIs M3TOTOBICHUS paboyero komeca KOMIpeccopa, MyTeM MpOeKTHPO-
BaHUS €r0 MOJIEJM C TIOMOIIbIO KOMIIBIOTEPHBIX TPOrPAMMHBIX TPOMYKTOB. JlJIst 3TOTO 3aMephl pe-
aJbHBIX AJIEMEHTOB TYpOOHAJayBa M WX xapakrepucTuku nepeHocsaTcs B CREO, roe BeicuurhiBa-
IOTCSI HY)KHBIC pa3Mepbl U TPOBOMSTCS JPYrHe HCOOXOIUMBIC pacyeThl, KOTOPBIE Jaliee MMIIOPT U-
pytorcs B ANSY'S ¢ 11enp10 MoCIeIyIOIEro UCCieIOBaHus, BKITFOYAIONIETO B ce0s TeIUIOBOM U KOH-
CTPYKIMOHHBIN aHanmm3bl. CpaBHEHHE Pe3yIbTaTOB aHAIM30B TMO3BOJIOT 3aKIIOYUTH BBIBOJ O TIpe-
HMMYIIIECTBE HUKEIIEBOrO CIUIaBa TMepe]] IPYTMMH paccMaTpHBA€MBbIMH MaTepuallaMd B IUIAHE €ro
MUHAMAJIbHOW TIOJIBEP)KEHHOCTH J1€(DOPMHUPOBAHMIO M TIOMYYCHHS HAUMEHBIETO CYMMAapHOTO TETl
JIOBOTO TIOTOKa B KOMIIPECCOPHOM pabodeM KoJiece, U PEeKOMEHIOBATh ATOT MaTepHal K MpuMeHe-
HUIO B TypOOHAJayBe WIM K IOCIEAYIOIEMY €ro CONOCTABICHUIO M CPaBHEHHIO C paHee He pac-
CMOTPEHHBIMH MaTepualiaMy, 9YTO, KaK MPEJINoNaracTcs B WCCJICIOBAHWM, B COBOKYIIHOM WTOT€ U B
HEKOTOPOH CTENEeHH MOXET CTIOCOOCTBOBATH TOBBIMICHHIO 3()PEKTHBHOCTH CaMOr0 TPAHCTIOPTHOTO
CPEICTBA B IIEJIOM.

Knroueswie cnosa: mypoonaoodys, oguecamenb, KOMAPECCOPHOE KONeCO, NOGblULeHUE
aghexmuenocmu, Hukenesulil CNiIAs8, MpexmepHas MOOelb.

Vehicles powered by diesel engines are equipped with superchargers in order to improve the ef-
ficiency of vehicles. The efficiency of the turbochargers themselves partly depends on the optimum
performance of their impellers, which in turn is achieved by choosing the right impeller materials.
An important property of the material of the turbine wheel is heat resistance to the incoming ex-
haust gases, and for the compressor wheel it is the resistance to the pressure of the air simultaneous-
ly supplied to it and forced by fit.

In this paper, the issue of increasing the efficiency of the turbocharging system is considered in
the context of comparing three materials (nickel and titanium alloys, structural steel), which are
proposed for the manufacture of a compressor impeller by designing its model using computer
software products. The measurements of real turbocharging elements and their characteristics are
transferred to CREO, where the required dimensions are calculated and other necessary calculations
are carried out, which are then imported into ANSYS for the purpose of subsequent research, in-
cluding thermal and structural analyzes. Comparison of the analysis results allows us to conclude
that the nickel alloy is superior to other materials under consideration in terms of its minimum sus-
ceptibility to deformation and obtaining the lowest total heat flux in the compressor impeller, and to
recommend this material for use in turbocharging or for its subsequent comparison with previously
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not considered materials, which, as suggested in the study, to some extent can contribute to an in-
crease in the efficiency of the vehicle.

Keywords: turbocharging, engine, compressor wheel, efficiency improvement, nickel al-
loy, 3D model.
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