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AHHOTALUKA

BeedeHue. [Npu 3amedneHuu mpaHcrnopmHoeo cpedcmea, 8 0CO6eHHOCMU Ha CKOJIb3KOM MOKPbIMUU, 803MOXHa
rnomepsi ycmou4ueocmu 08UXKeEHUST CUCMeMbI 37IEKMPOMexaHu4ecKoa0 npueoda, cornposoxdarouasicsi 6036yxde-
HueM asmokornebaHuli ¢ 8bICOKUMU amrinumydamu. 3apoxdeHue asmokonebaHull 803HUKaem rpu pocme CKopo-
CMU CKONMbXEHUS U CHUXeHUeM curbl mpeHusi. [1pu amom pe3ko rnoebiwaemcsi QuHaMu4yecKasi HagpyXeHHOCMb
cucmembl rpusoda, YmMo Moxem rpusecmu K 8bixody eé u3 cmposi. Bcnedcmeue amoeo paspabomka memodos
rnodaeneHusi asmokoniebameribHbIX i8r1eHUl sierisiemcst akmyasbHou 3adadvel.

Llenb uccnedosaHusi — nposepka Memodamu 3KcriepuMeHmarbHbIx uccrnedosaHull agpchekmusHocmu pabomei arn-
2opumma riodaeneHusi asmokonebaHul 8 arnekmpomMexaHu4yeckol cucmeme rpusoda Koseca rpu MopMOXeHUU.
Mamepuanbl u MemoOdsl. ViccredosaHue pabomocrnocobHocmu u 3aghghekmusHoOCMU aneopumma 6bIrosIHEHO C
npumMeHeHUeM Memodo8 HamypHbIX IKCIePUMEHMO8 Mpu CornocmaseHuU pesyrbmamos 3ae3008 ¢ nocreodyto-
WUM UHMEHCUBHbIM MOPMOXEHUEM mMpPaHCropmHo20 cpedcmea Kak ¢ 0eakmueuposaHHOU, mak U akmueupoeaH-
HoU cucmemol nodasneHus asmokonebaHud.

Pesynbmamasi uccnedoeaHusi. C nomMmouwjbto Memoda HamypHbIX IKCrIepuMeHmo8 ycmaHosreHa pabomocrnocob-
HOCMb U aghghekmusHOCMb anzopumma rodassieHusi asmokonebaHul rpu 8bINOSIHEHUU 3amMedrieHus], Komopbil
1038071551eM CHU3UMb 8€/IUYUHbI MakKcuMarbHbIX amrnaumyd 6 6 pas, ycpedHEHHbIX amnnumyd e 3...3,5 pasa, uc-
KITto4asi ipu 3moM U3MeHeHUs1 3Haka MOMeHMa rnpu UHMEeHCUBHbIX 3aMedieHUsIX mpaHCcrnopmHoeo cpedcmea.
3aknroveHue. Arieopumm rnodasrneHus asmokonebaHul MOXHO pekomeHAo8amb 07151 IpakmuYeckol paspabomku
cucmem yrpaeneHusi 3amedrieHUeM mpaHCcropmHbiX cpedcms.

KNMKOYEBBIE CIIOBA: asmokonebaHusi 8 ariekmpomexaHu4eckom rpusode, nodasreHue aemokonebaHul, UH-
MEeHCUBHOE MOPMOXEHUE MPAaHCIOPMHO20 cpedcmea, CKOMbXEeHUEe WUHbI, aHmMubIoKUpo8oYHasi cucmema, uc-
rbimaHusi
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ABSTRACT

Introduction. When the vehicle slows down, particularly on slippery surfaces, stability of the electromechanical
drive system movement can be reduced, which is accompanied by high self-excited vibrations. These vibrations
occur when the sliding speed increases and the friction force decreases. At the same time, the dynamic load on the
drive system increases sharply, which can lead to its failure. Thus, the development of methods for suppressing
self-excited vibrations is an urgent task.

The purpose of the study is to test the operability and effectiveness of the method for suppressing self-excited
vibrations in the electromechanical wheel drive system during braking with the use of methods of field experiments.
Materials and methods. The study of the efficiency and effectiveness of the algorithm was based on field
experiments.

Results. Based on field experiment method, the efficiency and effectiveness of the algorithm for suppressing
self-excited vibrations during deceleration has been determined, which allows for six-fold reduction in maximum
amplitudes and 3-3,5-fold reduction in averaged amplitudes, while excluding changes in the moment sign during
vehicle intense deceleration.

Conclusion. The algorithm of suppressing self-excited vibrations can be recommended for application in developing
vehicle deceleration control systems.

KEYWORDS: self-excited vibrations, damping, intensive braking, impulse suppression of vibrations, sliding, testing
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TPAHCMOPT

BBEOEHUE

Kak nokasblBaeT aHanua, NpoBeaéHHbIN B [1,
2,3,4,5, 6, 7, 8], aBTokonebaHus B 30He B3a-
MMOZENCTBUST 3NACTUYHOIO Korieca C OMOpHbIM
OCHOBaHMEM Mpu TOPMOXEHUM BO30YXOarTCS
B KOHEYHoW hase npouecca 3aMefnieHnss U Mo-
ryT MMETb 3HAYUTENbHYK WMHTEHCUMBHOCTb, YTO
HeraTMBHO CKa3blBAeTCs Ha KavecTBe npouecca
3aMefSieHnsl U ynpaBnseMocTy mawuHbl'23, As-
TOoKOnebaHMs COMpPOBOXOAITCA YBENIMYEHNEM B
HECKOIbKO pa3 amnnuTyg konebaHum kuHemaTu-
YECKMX M CUIOBbIX MapaMeTpoOB NpPOLEeCcCcoB, Npo-
TeKawLWunx B HEMMHENHbIX cMcTeMax, yBennimea-
0T MX OUHAMUYECKYIO Harpy>XeHHOCTb, NMPUBOASA
K BbIXoZdy 13 cTposi. B gaHHOM cmnoBom B3anmo-
OEeNCTBUM MOTYyT BO3HUKaTb aBTokonebaTenbHble
MPOLEeCChbl, YTO COMPOBOXOAETCA CHUXKEHUEM
UK NOTEPEN CUenfeHnst ¢ JOPOron, No3Borsito-
e cyauTb O CHUXKEHUN 3HeproadeKkTUBHOCTH
unu 6esonacHocTu [9, 10, 11, 12, 13, 14, 15, 16,
17, 18]. B [19, 20] nokasaHo, 4TO aBTOKOneba-
TenbHbIE NPOLIECCHI NPU NX BO3BYXKOEHUN MOXHO
3(PEKTUBHO MNOAABMATb, BbIBOAA M3 CUCTEMbI
NPOBOLIMPYIOLLYIO UX 3HEpruto. [puMeHnTensHO
ONsS  VHOMBWMAYaNbHOMO  3reKTpoMeXaHU4YecKo-
ro npuBoda KOMEC NPeAnoXeHO WCMoNb30BaTb
OeMNUPYOLWMA  KPYTALWLMIA  MOMEHT  NPSAMO-
NPOMNopLMOHarbHON YrIOBOW CKOPOCTU KOMEc
My = =Ky, Wfrelay, (3A€CH K — KOSMDMUMEHT
BA3KOro TpeHus unm koaddhuumeHT gemndupo-
BaHus).

[ns akTMBHOro NogaBneHus aBToKonebaHun
KO3 pUUMEHT AeMndUpoBaHUSA OOMKEH ObiTb
K, >2,/]cC,, [20], rae — MOMEHT uHepLuu Koneca
1 MexXaHM4YecKoro NnpmBoaa, a yrinoByH XXeCTKOCTb
C,i Ons Koreca MOXHO OLEHMTb B npolecce
yrnpaBneHns Kak OTHOLLUeHWEe npupalleHus pea-

nM3yemMoro NpvBOAOM MOMEHTa W YCKOpeHus/3a-
MenneHua Koreca Cni = %Z.

McnbiTaHnam  nogsepranocb TpaHCNopTHOe
cpencTeo*, OCHaLLEHHOE MHAUBUAYaNbHbLIM TArO-
BbIM 3M1EKTPONPUBOAOM C DYHKLUMEN NogaBneHms
aBTokonebaHun n 6e3 Heé.

Llenb nccnegoBaHum — npoBepka mMeTogamm
3KCMepUMeEHTanbHbIX nccnegoBaHun addexTme-
HOCTM paboTbl anropMTMa MOAABMEHNS aBTOKO-
nebaHuii B aNEKTPOMEXaHNYECKOW cucTemMe npu-
BOAA Koreca npu TOPMOXEHUU.

MporpamMmma ncnbiTaHUM No npoBepke 3c-
chekTUBHOCTU cUCTEeMbl NoAaBIeHUA aBTOKO-
ne6aHUn Npu TOPMOKEHUMN

TpaHcnopTHOe CpeacTBo AN UCMbITaHUn
OOMXHO ObITb B ABYX BECOBbLIX COCTOSHWUSX: 3a-
rpyxeHo Ha 100% pgo nonHom maccel 18000 kr
N He 3arpy>xeHo, UMETb CHAaPSPKEHHY Maccy
12200 «r.

[opoxHble ycnosus BblbpaHbl nCxoast N3 pea-
nM3auun NoBbILLEHHOTO NPOCKanb3biBaHWS BeOy-
wmx konéc. He gomkHo HabnoaaTbCsa CUMNbHOMO
BCTPEYHOro BeTpa AN UCKIMI0YEHNS ero BrnsHUS
Ha OvHamuky ABvXeHud. LuHbl HakayaHbl Oo
OaBreHus, COOTBETCTBYIOLLErO TEXHUYECKON A0-
KymeHTauuu, npegBaputensHo nporpetbl npobe-
FOM MPOTSPKEHHOCTBIO HE MeHee 1 KM CKOPOCTbiO
He MeHee 25 Km/u.

CTteneHb 3apshKEHHOCTU TSArOBOW aKKymyris-
TOpHOW BGaTapen JormkHa ObITb 4OCTAaTOYHOWN AN
obecnedyeHnss HeobXxoaMMOW AWHaAMUKW OBMXKe-
HWS 1 HEe OKa3blBaTb BMUSIHWS Ha TArOBO-CKOPOCT-
Hble XapakTepuCTUKM NpmnBoaa.

B Tabnvue npvBedéH nepedeHb UCMbITaHUN
npu ncecnegoBaHMn 3MEKTUBHOCTA anropuTma
nofaeneHns asTokonebaHw npu BbINONHEHWN
WHTEHCUBHOIO 3aMeAneHNs.

"Ceetnuukuin B.A. CnyyaiiHble konebaHus mexaHudeckux cuctem. M.: MawumHocTpoeHue, 1976. 216 c.

2KptokoB B.U/. BblHyxaeHHble konebaHus CyLLUecTBEHHO HENMUHeHbIX cucteM. M.: MawwumHocTpoeHue, 1984. 216 c.

3 HekopkuH B.W. Nekuum no ocHoBam Teopum konebaHuii: ydebHoe nocobue. HmkHM Hosropog: Hikeroponckuii yHuBepcu-

TeT. 2011. 233 c.

4 OnekTpobyc KAMAS3-6282 [OnekTpoHHbIl pecypc]: [ocduy. caiT]. https://kamaz.ru/production/buses/pdf_062023/3nekTpo-

6yc%20KAMAZ-6282.pdf (nata obpatleHmsi: 04.03.2024).
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Tabnuua

ﬂporpamma WUCMNbITaHWUN npu BbINOJIHEHUU UHTEHCUBHOIO 3aMearnieHnsa

McTouHWMK: cocTaBneHo aBTOPOM.

Table
Test program for intensive deceleration
Source: compiled by the author.

Bua ucnbitaHun

OnucaHune

VHTeHCMBHOE 3amefeHve 40 NOMHOW OCTaHOBKM npuv NONHOCTbIO HaxaTon
neganun Topmosa. O6a koneca Ha CKOMNb3KOM OMNOpPHOM OCHOBaHWUN

NHTeHcMBHOE TOpMOXEHME Ha
rOPU3OHTaNbHOM CKOIb3KOM OMOPHOM
ocHoBaHWK (¢ 20 KM/4 4O OCTaHOBKM) C
aKTVBMPOBAHHbLIM W AeaKTUBMPOBAHHbLIM

MHTEeHCMBHOE 3amezieHne 40 NOMHOW OCTaHOBKM npn NONTHOCTbIO Ha)xaTon
neganv TopmMmoasa. HpaBoe KOJ1eCO Ha CKOJ1Ib3KOM ONMOPHOM OCHOBaHUH,
neBoe — Ha CyxXxomM

pekynepaTtuBHbIM TOPMOXEHNEM

MHTeHcMBHOE 3ameaneHne 4O NOMHOW OCTAHOBKM NPW NMOMHOCTLIO HaXaTomn
neganu Topmosa. JIeBoe Koneco Ha CKOfb3KOM OMOPHOM OCHOBaHWM,
npaBoe — Ha CyXoM

accanst

JleBoe koneco CTapTyeT CO CKOJIb3KOro NMoKpbITUA U NepexognT Ha CyXOI;l

WHTEeHCMBHOE TOPMOXEHWE Ha
rOpU3oHTaNbHOM MEHSIIOLEMCS ONMOPHOM

acdanst
ocHoBaHuu (¢ 20 KM/4 O OCTaHOBKN) ®

[MpaBoe koneco CTapTyeT CO CKOMb3KOrO MOKPbLITUS U NEPEXOAUT Ha CyXoW

acanst

Oba koneca CTapTYOT CO CKOJIb3KOro NOKPbITUA U NepexoadaT Ha CyXOﬁ

B kauecTBe onopHoro ocHoBaHus BeibpaH Mo-
KpbIn 6a3ansT (pucyHok 1).

PucyHok 1 — OnopHoe ocHogaHue (MOKpbIl basanbm)
MICTOYHMK: cocTaBneHo aBTOPOM.

Figure 1 — Testing surface (wet basalt)
Source: compiled by the author.

O6opynoBaHue, UCMONb3yeMoe Npu UCNbI-
TaHUAX

CucteMbl TPaHCMOPTHOTO CpeacTea  OCHa-
WeHbl AaTyMkamu ans dukcaumMm napaMmeTpoB
npoLieccoB nx paboTtbl. TArOBLIA 3NEKTPUYECKUIA
NPMBOZA OCHALLEH AaTYMKaMU YacTOoTbl BpaLLeHUs
poTopa ¥ ¢asHbIX TOKOB, NMO3BOSMSIOLMMA aBTO-

HOMHOMY WHBEPTOPY HaMpsiKEHUss pPacCcYUTbI-
BaTb Pa3BMBAEMbIA SNEKTPOMArHUTHBIA MOMEHT
OBuratensi ¢ MOMOLLbID Habniogartens anekTpo-
MarHuTHoro MomeHTa [21], Harpy3ka Ha Konece
onpefensieTcs C MNoMoLlbl Habniogatenst mMo-
MEHTa COMPOTMBMNEHUSA B NPOLIECCE YNnpaBrieHus
[22]. Peructpupyetcs Takxke yrrnosasi CKOPOCTb
BCex konéc. [JuHamuka Ky3oBa TpaHCMOPTHOro
cpencTBa perncTpmpyeTcs C NOMOLLbIO AaTYMKOB
NMHENHbIX N YITOBbIX YCKOPEHWUA NO BCEM KOOP-
OnHaTam.

Ona dukcaumm paHHbIX NpUMEHsNcs agan-
Tep Vector VN1630A (pucyHok 2) ons nogknto-
yeHusi cetn CAN k OBM. [Ins aHanu3a AaHHbIX
MCMnonb30Banock MporpaMMHoe obecneyeHne
Vector CANoe. Paboyee okHO nporpaMmmbl Vector
CANoe nokasaHo Ha pucyHke 3, a, MatlLab
Simulink Ha pucyHke 3, 6.

PucyHok 2 — Adanmep Vector VN1630A
McTouHumK: anekTpoHHbIN pecypc https://www.vector.com.
(nata obpaiyeHuns: 17.08.24)

Figure 2 — Vector VN1630A adapter
Source: Electronic resource https://www.vector.com.
(accessed: 17.08.2024)
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TPAHCMOPT

MCUR_MotActSpd > D
‘OBopoTel npaBoro Aeuratens, 06/MUH
VDCU_RMotTgCmd
MomeHT npasoro uxeepTepa, Hm

MCUL_MotActSpd > D
‘OBopoTel NEBOro ABMraTens, 06/MUH

VDCU_LMotTqCmd »

- MomenT nesoro uieeptepa, Hm

6

PucyHok 3 — OKHo npozpamm 0nsi aHanu3a 0aHHbIX:
a — Vector CANoe; 6 — MatLab Simulink
McToYHMK: cocTaBneHo aBTopoM.

Figure 3 — Program window for data analysis:
a) Vector CANoe; b) MatLab Simulink
Source: compiled by the author.

PucyHok 4 — TeH3omMempuyeckue usmepumerbHble konéca Kistler RoaDyn

Momumo pernctpauun gaHHbix ¢ CAN LUKHBI
npoussoaunacb UKcauus 3Ha4YeHW KpyTslle-
ro MOMEHTa M YrfoBbIX CKOPOCTEN Ha BeayLUmX
Konécax C MOMOLLbIO TEH30METPUYECKNX KOMNEC
Kistler RoaDyn. N3mepuTeneHble konéca, ycra-
HOBIEHHbIE Ha CTYNULYy BeAyLMX KONEc, nokasa-
Hbl Ha pucyHke 4. C NOMOLLIbIO perucTpupyoLemn
annapatypbl IMC-CRFX-400 (pucyHok 5) ocy-

MICTOYHMK: cocTaBneHo aBTOpPOM.

Figure 4 — Kistler RoaDyn tensometric measuring wheels
Source: compiled by the author.

WecTBnaAnace QuUKcauusi 3HaYEHWn KpyTSLLErO
MOMEHTA, YacTOTbl BpaLleHUsl BeayLLuX KOnéc.

[JONonNHMTENbHO U3MEPSIIOTCA 3HaYeHUs1 Mo-
CTOSIHHOTO TOKa, NOTPEBNAEMOro TAroBbIMM 3rek-
TPOMEeXaHUYeckMMI NpueBodamu (pUCyHok 6) ans
onpefeneHust xapaktepa BO3OeNCTBUSI BO3DYX-
JatoLmnxcs konebatenbHbIX SBNEHNUN.
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PucyHok 5 — ObopydosaHue 0nisi cbopa daHHbIX IMC-CRFX-400

MICTOYHMK: cocTaBneHo aBTOpPOM.

Figure 5 — IMC-CRFX-400 data acquisition equipment
Source: compiled by the author.

WUccnepoBaHusi Npy MHTEHCMBHOM TOpPMO-
XEeHUU ¢ AeakTUBMPOBAHHOW cucTeMon nopa-
BNeHusi aBToKone6aHum

TpaHcnopTHOE CPeACcTBO Nnepen HavanoMm uc-
NbiTaHW COBEpLUAET pa3roH Ao Tpebyemon cko-
poOCTW, N NpW Bbe3fle Ha ONMOpPHOE OCHOBAHWE C
HU3KUM KOS DULNEHTOM CLEMMEHUS — MOKPbIA
Da3zarnbT — OCyLLEeCTBMAETCA MHTEHCMBHOE TOPMO-
KeHWe, BO BPEMSsI KOTOPOro BOOAUTENb HaXnMaeTt
Ha nejanb TOPMO3a C MakCUMasibHOWM CKOPOCThLHO

00 ynopa.

PucyHok 6 — UsamepeHue nompebirissieMo20 moka
McToYHMK: cocTaBneHo aBTOpOM.

Figure 6 — Power consumption measurement
Source: compiled by the author.

Ha pucyHkax 7, 8, 9, 10, 11, 12 npeacrasne-
Hbl peanu3auuy perMcTpupyemMbiX aBTOPOM Mpu
BbINOMHEHUN UCMbITATENbHbIX 3a€300B C UHTEH-
CMBHOM TOPMOXXEHMEM Ha CKOb3KOM OMOPHOM
OCHOBaHWUM KPYTALMX MOMEHTOB Ha KOrnécax u
4YacTOT BpalleHusi poTopa areKkTpoaBuraTenen
ONs TPAHCMNOPTHOrO CcpeacTBa, OCHALLEHHOMO aH-
TMONOKMPOBOYHOW CUCTEMON Be3 PyHKLMM noga-
BNeHus aBTokonebaHui.
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PucyHok 7 — Kpymsauwut momeHm Ha koniece M,, Hv ¢ deakmueuposarHoUl cucmemou
nodaerneHusi asmokonebaHud, 3ae30 Ne 1: a — Ha negom; 6 — Ha Npagom
McToYHMK: cocTaBneHo aBToOpOM.
Figure 7 — Torque at wheel Mk, Nm with deactivated system
of self-excited vibration suppression, run No 1: a) left; b) right.
Source: compiled by the author.
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PucyHok 8 — Hacmoma epaujeHusi sana msi2o8020 anekmpodsu2amerns n, 06/MuH ¢ deakmusuposaHHoU cucmemoli
rodaerneHusi asmokosiebarutl, 3ae30 Ne 1: a — negoeo; 6 — npagozo
McToYHMK: cocTaBneHo aBTopoM.

Figure 8 — Traction motor shaft speed n, Rom, with deactivated system
of self-excited vibration suppression, run No1: a) left; b) right
Source: compiled by the author.
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PucyHok 9 — Kpymsauwuti momeHm Ha koniece M,, Hv ¢ deakmueuposarHoU cucmemou
nodaerneHusi asmokonebaHul, 3ae30 Ne 2: a — Ha negom; 6 — Ha Npagom
McToYHMK: cocTaBneHo aBTopoM.
Figure 9 — Torque at wheel Mk, Nm with deactivated system
of self-excited vibration suppression, run No. 2: a) left; b) right.
Source: compiled by the author.
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PucyHok 10 — Yacmoma spauweHus 8ana msieo8020 arekmpodsuaamerns n, 06/MuH ¢ 0eakmueguposaHHOU cucmemoul
rnodaerneHusi asmokosniebarull, 3ae30 Ne 1: a — negoeo; 6 — npagozo
McToYHMK: cocTaBneHo aBTopoM.

Figure 10 — Traction motor shaft speed n, rpm, with deactivated system
of self-excited vibration suppression, run Ne 1: a) left; b) right
Source: compiled by the author.
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Pucyrok 11 — Kpymswud momeHm Ha Korece M,, Hm ¢ deakmueuposaHHoU cucmemol
rnodaeneHusi asmokonebaHul, 3ae30 Ne 3: a — Ha negom; 6 — Ha Npasom
McTo4HMK: cocTaBneHo aBTopoM.
Figure 11 — Torque at wheel Mk, Nm with deactivated system
of self-excited vibration suppression, run No. 3: a) left; b) right.
Source: compiled by the author.
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PucyHok 12 — Hacmoma epaujeHusi 8aria msi208020 ariekmpodsueamerisi n, 06/MuH ¢ deakmuguposaHHoU cucmemou
rnodaerneHusi asmokonebaHul, 3ae30 Ne 3: a — negoeo; 6 — npagozo

MICTOYHMK: cocTaBneHo aBTOpPOM.

Figure 12 — Traction motor shaft speed n, rom with deactivated system

Ha npuBeoéHHbIX perucTpupyembix 3aBUCH-
MOCTSIX OTYETNMBO BUAHbLI Y4acTKM paboTbl aH-
TUBMNOKNPOBOYHOM CUCTEMbI, COMPOBOXAAEMble
npu 3ToM BO36Y)XOeHMEeM aBToKorebaTenbHbIX
ABNEHUI AN KPYTALWMX MOMEHTOB Ha Konécax.
OGHapyxuBaeTca M3MeHeHNe 3HaKa KpyTsLero
MOMEHTa, MPUINOXEHHOIO K KOMecy, 4To cBuae-

of self-excited vibration suppression, run No. 3: a) left; b) right
Source: compiled by the author.

TENbCTBYET O HANMuun nepeknagkn 3ybbes B 3a-
uenneHnn npu akTMBaumMm aHTMONOKMPOBOYHOWN
cuctembl. na peanusauum 4acToT BpalleHus
KOMéc B JaHHOM Criyyae CyLLeCTBEHHOro BO3byx-
OeHna aBTokonebaTernbHbIX ABMEHUN He 0BHapy-
YKEHO.
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PucyHok 13 — Anizopumm ynpagrneHus?: dw, — ckoribxxeHue w-20 Koneca; k, — KoaghghuyueHm Koppekyuu yyéma
KpugouHelHoCMU O8UXeHUS,; U, — yrpaernsiowue cuagHarbl
McTo4HMK: cocTaBneHo aBTOpoM?.

Figure 13 — Control algorithm2: dw, - slip of the w-wheel; k. - correction factor for curvature; u, - control signals
Source: compiled by the author?.
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WUccnepoBaHne npyv MHTEHCMBHOM TOPMO-
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Ncxopsa n3 BbILLEN3NOXEHHOTO, MOXHO Npea-
CTaBUTb anropuTm ynpasneHns 4emMmnupyoLwmm
MOMEHTOM criegyoLmm obpasom (pucyHok 13)°.
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CKomnbXeHuns dw; > 0,3 cuctema onpenensier Ko-
adhpuumeHT gemnduposanna K, AOns nesoro u

npasoro konéc no ovaenbHoctn K, = 2./J.C,,,
ti

PART Il

TRANSPORT

neca oueHMBaemMasi B npoLecce YnpasreHus.
[Mpon3BoanTCs OLeHKa TOPMO3HOro, pekynepa-
TMBHOTO MOMEHTa Ha Konécax pasBMBaeMOro
TAroBbIMW  3nekTpoasuratenamm M, M ,, ocy-
LeCTBRSIeTCA pacyéT AeMndupyroLLero MOMeHTa
Mgy; = —Kyi Wi fretayi V KOPPEKTUPOBKA MOMEHTa
pa3suBaemMoro anekrtpogsurarenem My; + My;.
Ha pucyHkax 14, 15, 16, 17, 18, 19 npeacras-
neHbl peanu3auun perncTpupyembix aBTOPOM
npw BbIMONIHEHNN UCNbITATENbHbIX 32€30B C UH-
TEHCMBHOM TOPMOXEHWEM Ha CKOMb3KOM Omnop-
HOM OCHOBaHUU KPYTALLMX MOMEHTOB Ha KOnécax
M 4acTOT BpaLLeHWsi poTopa aneKkTpoaBuratenem
Ons TPaHCNOPTHOrO CpeacTBa, OCHALLEHHOrO aH-
TMONOKMPOBOYHOM CUCTEMON C PYHKUMEN noaa-
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Pucy+ok 14 — Kpymswut momeHm Ha Konece M, Hm ¢ akmuguposaHHoU cucmemou
rnodaerneHusi asmokonebaHud, 3ae3d Ne 1: a — Ha nesom; 6 — Ha Nnpasom

McTouHuMK: cocTaBneHo aBTOPOM.

Figure 14 — Torque at wheel Mk, Nm with activated system
of self-excited vibration suppression,run Ne1: a) left; b) right
Source: compiled by the author.

5TMateHT Ne 2797069 C1 Poccuiickas ®enepaums, MIMK B60K 17/12, B60L 15/20, B60L 3/10. Cnocob ynpaBneHust nHan-
B/AYanbHbIM TATOBLIM 3NEKTPONPUBOAOM BEAYLUMX KONEC MHOrOKONECHOro TpaHcnopTHoro cpeacTaa: Ne 2023103483: 3asBn.
16.02.2023: ony6n. 31.05.2023 / A.B. Knumos, B.K. Ocnanbekos, M. M. XXunenkux [n ap.]; 3assutens MNMybnmyHoe akumoHepHoe

obuwectso «kKAMA3». — EDN QAUBVR.
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PucyHok 15 — Hacmoma epaujeHusi 8aria msi208020 ariekmpodsueamerisi n, 06/MuH ¢ akmugupogaHHoU cucmemou
rnodaerneHusi asmokonebaHud, 3ae3d Ne 1: a — negozo; 6 — npagozo
McTouHMK: cocTaBneHo aBTopoM.

Figure 15 — Traction motor shaft speed n, rom, with activated system
of self-excited vibration suppression, run Ne 1: a) left; b) right
Source: compiled by the author.
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PucyHok 16 — Kpymswuti momeHm Ha korece M,, Hv ¢ akmugupogaHHol cucmemou
rnodaerneHusi aemokosniebaHull, 3ae3d Ne 2: a — Ha nesom; 6 — Ha Npasom
McTouHUK: cocTaBneHo aBTOpoOM.

Figure 16 — Torque at wheel Mk, Nm with activated system
of self-excited vibration suppression, run No. 2: a) left; b) right
Source: compiled by the author.
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PucyHok 17 — Yacmoma epawieHusi 8ana anekmpodsueamerisi n, 06/MUH ¢ akmusuposaHHoU cucmemoll
rnodaerneHusi aemokonebaHull, 3ae30 Ne 2: a — negozo; 6 — Npasozo
McTouHMK: cocTaBneHo aBTOpOM.
Figure 17 — Motor shaft speed n, rom, with activated system
of self-excited vibration suppression, run No. 2: a) left; b) right
Source: compiled by the author.
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PucyHok 18 — Kpymswuti momeHm Ha konece M, Hm ¢ akmuguposaHHoU cucmemou

rnodaerneHusi asmokonebaHud, 3ae30 Ne 3: a — Ha nesom; 6 — Ha Nnpasom
McTouHMK: cocTaBneHo aBTopoMm.

Figure 18 — Torque at wheel Mk, Nm with activated system

of self-excited vibration suppression, run Ne 3: a) left; b) right
Source: compiled by the author.
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PucyHok 19 — Hacmoma epaujeHusi 8aria msi208020 ariekmpodsueamerisi n, 06/MUH ¢ akmugupogaHHoU cucmemou
rnodaerneHusi asmokonebaHul, 3ae3d Ne 3: a — negozo; 6 — npasozo
MCTOYHMK: coCcTaBneHo aBTOpPOM.

Figure 19 — Traction motor shaft speed n, rom, with activated system
of self-excited vibration suppression, run No. 3: a) left; b) right
Source: compiled by the author.
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Ha npvBeA&HHbIX perncTpmpyembix 3aBUCK-
MOCTSIX OTYETNMBO BUAHbLI Y4acTku paboTbl aH-
TMONOKMPOBOYHOW CUCTEMbBI MPU MOBbILLEHHOM
CKOMnbXeHun konéc. Bosbyxapaemble npy 3TOM
KornebaTtenbHble SBMEHWST MEHee WHTEHCUBHbI,
yeMm B NpeablayLleM criydae 1 xapakTepusyoTcs
MEHbLUMM 3HAYEHNEM aMNNNTY, YTO CBMAETENb-
cTByeT 06 adphekTUBHOCTM anroputMma nogasrne-
HWsi aBTokonebaTenbHbIX aBneHun. [nsg peanu-
3aumy 4acToT BpaLLleHUs KONéc B JaHHOM crydae
BO30OyxaeHWe aBToKonebaTenbHbIX SIBMEHUN He
obHapyxeHo.

[MpY NHTEHCUBHBIX TOPMOXEHUSAX Ha ONMOPHOM
OCHOBaHMN C HU3KUMU CLEMHbIMU CBOMCTBaMU
(nén, nén co cHerom, MOKpbI acdansTt 1 ap.) ans
TPaHCMNOPTHOrO CPEACTBA, HE OCHALLEHHOTO anro-
pUTMOM NoAaBrieHns aBTokonebaHum, yecpeaHEH-
Hble aMnnuTydbl konebaHum KpyTALWMX MOMEH-
TOB Haxogsatcss B AuanasoHe 1850...2500 Hm,
C MakCMMarnbHbIMU 3HAYEHUAMW aMNIUTYObl B
ananasoHe 6000...8500 Hm.

Mpun ocHaLLeHUn cucTeMbl ynpaBrieHus TpaHc-
MOPTHOrO CpPeAcTBa anroputMOM MOAABIEHNUS
aBTokonebaHun, Npy MHTEHCMBHOM TOPMOXEHMWM
yCpeaHEéHHble aMnnuTyabl KonebaHun KpyTaLwmx
MOMEHTOB HaxoaaTca B ananasoHe 500...750 Hw,
C MakcuMMarbHbIMU 3HAYEHUAMWU aMnnuTygbl B
ananasoHe 1000...1500 Hwm.

[MpumeHeHne anropMTMa MogaBreHWUst aBTo-
KonebaHun B cucTemMe ynpasfieHusi MO3BONSET
CHU3UTb BEMWYUHBI MAaKCMMarnbHbIX aMninTya B
6 pas, ycpeaHeHHbIx amnnutyg B 3...3,5 pasa,
UCKITHOYasi NPy 3TOM U3MEHEHNST 3HaKa MOMEHTA.

BbiBOAbI

MeTogamu akcnepumeHTanbHbIX MCcneaoBa-
HWUI yCTaHoBIEeHa paboTocnocobHOCTL 1 adhdhek-
TMBHOCTb anroputma nogaBneHus aBTokoneba-
HUI B CUCTEME 3MEeKTPOMEXaHU4eCcKoro npusoaa
BeOyLMX KONEC TPaHCMOPTHOrO CpeacTBa, YTo
Mo3BONSIET PEKOMEHA0BATb €ro UCMonb30BaHWe
npu paspaboTke cucteM yrnpasneHus.

MeTogamy  aKcnepyMMeHTanbHbIX —UCCreno-
BaHW BLISIBIIEHO, YTO MPUMMEHEHME anropuTma
nogasneHusi aBTokonebaHuin B cucteme ynpas-
NeHUs MNO3BOMSIET CHU3WUTb BEMWYMHbLI Makcu-
ManbHbIX amnnuTyg B 6 pas, ycpegHEeHHbIX
amnnutyg B 3...3,5 pasa, ucknwyas npu 3tom
N3MEHEHUS] 3HAKa MOMEHTA MpPU WUHTEHCUBHbIX
3aMeLIeHMAX TPaHCNOPTHOIO CPEACTBA.

CNMUCOK UCTOYHUKOB

1. Bunbke B.I., LWWanosanos W.J1. ABTokoneba-
HMS B npouecce TOPMOXeHUst aBTomobuns // BecTHuk
Mry. Cep. 1. Matematuka, mexaHuka. 2015. Ne 4.
C. 33-39.

TRANSPORT

PART Il

2. KpyunHun T.A., Maromegos M.X., HoBoxu-
nos M.B. Matematuyeckasi Mogenb aBTOMOOUIbLHOIO
Korieca Ha aHTUBNOKUPOBOYHbIX PEXUMaX ABUKEHUS //
M3Bectnst PAH. Cepua MTT. 2001. Ne 6. C. 63-69.

3. Awrejcewiez J., Dzyubak L., Grehori C.
Estimation of chaotic and regular (stick-slip and ship-
slip) oscillations exhibited by coupled oscillations with
dry friction // Nonlinear Dynamics. 2005. V. 42. Ne 2.
P. 383-394.

4. Pascal M. Dynamics and stability of a two
degrees of freedom oscillator with an elastic stop //
Journal of Computational and Nonlinear Dynamics.
2006. V.1. Ne1. P. 94-102.

5.  Shin K., Brennan M.J., Oh J.-E., Harris C.J.
Analysis of disk brake noise using a two-degrees-
of-freedom model // Journal of Sound and Vibration.
2002. V. 254. Ne5. P. 837-848.

6. Knumo A.B. KonebatenbHble npouecchl
B HENMUWHEWHON CUCTEME WHAMBWUAOYaANbHOIO TArOBO-
ro anektpuyeckoro npusoga // pysosuk. 2023. Ne 7.
C. 19-24. DOI 10.36652/1684-1298-2023-7-19-24.
EDN RXPWMI.

7. Knumos A.B., AHToHsH A.B. WccnepoBaHue
ocobeHHocTel npoTekaHust KorebaTenbHbIX npouec-
COB B HEMUHENHOW CUCTEME UHAMBMAYANbHOIO TAroBo-
ro npueoaa anektpobyca // N3sectua MI'TY «MAMW».
2023.T.17,Ne 1. C. 87-96. DOI 10.17816/2074-0530-
115233. EDN DVWXHE.

8. Knnmos A.B. VccnegoBaHue pexmmoB BO3-
HWKHOBEHWUSI aBTOKOMeGaHu B THArOBOM  3MEKTPO-
npueoge anektpobyca B ycrnoBusix akcnnyartauum //
py3oBuk. 2024. Ne 3. C. 3-8. DOI 10.36652/1684-
1298-2024-3-3-8. EDN FXLUUX.

9. Kotiev G.O., Padalkin B.V., Kartashov A.B.,
Diakov A.S. Designs and development of Russian
scientific schools in the field of cross-country ground
vehicles building // ARPN Journal of Engineering and
Applied Sciences. 2017. 12 (4). pp. 1064-1071.

10. Ergin A.A., Kolomejtseva M.B., Kotiev G.O.
Antiblocking control system of the brake drive of
automobile wheel // Pribory | Sistemy Upravleniya.
2004. (9). pp. 11-13.

11. Aref M.A. Soliman, Mina M.S. Kaldas.
An Investigation of Anti-lock Braking System for
Automobiles. SAE Internationalby Warwick University,
Thursday, May 05, 2016.

12. Chendi Sun and Xiaofei Pei. Development of
ABS ECU with Hard ware-inthe-Loop Simulation Based
on Labcar System. SAE International by Warwick
University, Thursday, May 05, 2016.

13. EdoardoSabbioni, Federico Cheli and
Vincenzo d’Alessandro. Politecnico di Milano Analysis
of ABS/ESP Control Logics Using a HIL Test Bench.
SAE International by Warwick University, Thursday,
May 05, 2016.

14. Hart P.M. Review of Heavy Vehicle Braking
Systems Requirements (PBS Requirements), Draft
Report, 24 April 2003.

15. Kurt M. Marshek, Jerry F. Guderman I,
Mark J. Jonson. Performance of Anti-Lock Braking
System Equipped Passenger Vehicles Part |: Braking
as a Function of Brake Pedal Application Force. SAE
2002 World Congress Detroit, Michigan March 4-7,
2002.

Tom 21, Ne 5. 2024
Vol. 21, No. 5. 2024

© 2004-2024 BectHuk CnoAN
The Russian Automobile
and Highway Industry Journal

711



TPAHCMOPT

16. >KunewnknH M.M. VccnenoBaHne aBTokoneba-
TeNbHbIX NPOLIECCOB B 30HE B3aMMOAENCTBUSA racTuy-
HOW LUMHBI C TBEPALIM OMOPHLIM OCHOBaHueM // /3Be-
CTUSA BbICLUNX Y4eOHbIX 3aBeaeHn. MalumHocTpoeHue,
2021. Ne 10. C. 3—-15, DOI: 10.18698/0536-1044-2021-
10-3-15.

17.  AKunenkmn M.M., Xypkun M.M. Anroputm pa-
00Tbl aHTMGNOKNPOBOYHON CUCTEMbI TOPMO30B C (PyHK-
uuer NpoTUBOAENCTBUS 3aHOCY AN ABYXOCHbIX aBTO-
Moburnen ¢ ogHon Begywen oceto // N3Bectua MITTY
«MAMW». 2020. Ne1 (43). C. 51-56.

18. Klimov A.V., Ospanbekov B.K., Keller A.V.
[et al.] Research into the Peculiarities of the Individual
Traction Drive Nonlinear System Oscillatory Processes
/I World Electric Vehicle Journal. 2023. Vol. 14, No. 11.
P. 316. DOI 10.3390/wevj14110316. EDN BIISTI.

19. KnumoB A.B. lNMopaBneHne aBTOKONebaHui
BedyLiMX Korec B TOPMO3HOM pexume // [py3oBuK.
2023. Ne 9. C. 6-14. DOI 10.36652/1684-1298-2023-
9-6-14. EDN PUCDXP.

20. LlWambepoB B.H. ®puKkumoHHbIE aBTOKOME-
f6aHusa B MexaHuyeckux cuctemax // 3secTtns By3oB.
MpuGopocTtpoerne. 2010. T. 53, Ne 2. C. 24-28.

21. Knumos A.B. Habniogatenb TAroBoro anek-
TPOMarHMTHOrO MOMEHTa Ha Basy TAroBOrO 3MeKT-
poasuratens // Tpaktopbl 1 cenbxo3malunHbl. 2023.
T. 90, Ne 5. C. 423-432. DOI 10.17816/0321-4443-
472138. EDN VHDJBL.

22. Knumos A.B. CuHTe3 aganTuBHoro Habnwoaa-
Tenst MOMeHTa COMNpPOTMBMNEHNS Ha Bary TArOBOrO 3f1eK-
Tpoasuratens // TpakTtopbl 1 cenbxo3malunHbl. 2023.
T. 90, Ne 2. C. 99-105. DOI 10.17816/0321-4443-
119856. EDN VKZKOY.

REFERENCES

1. Vilke V.G., Shapovalov |.L. Self-oscillations
during car braking. Vestnik Moskovskogo Universiteta.
Seriya 1. Matematika. Mekhanika. 2015; 4: 33-39.
(in Russ)

2. KruchininP.A., Magomedov M.Kh., Novozhilov
I.V. Mathematical model of an automobile wheel for
antilock modes of motion. Mechanics of Solids. 2001;
6: 63—69. (in Russ)

3. Awrejcewiez J., Dzyubak L., Grehori C.
Estimation of chaotic and regular (stick-slip and ship-
slip) oscillations exhibited by coupled oscillations with
dry friction. Nonlinear Dynamics. 2005; V. 42. no 2:
383-394.

4. Pascal M. Dynamics and stability of a two
degrees of freedom oscillator with an elastic stop.
Journal of Computational and Nonlinear Dynamics.
2006; V.1. no 1: 94-102.

5. Shin K., Brennan M.J., Oh J.-E., Harris C.J.
Analysis of disk brake noise using a two-degrees-of-
freedom model. Journal of Sound and Vibration. 2002;
V. 254. no 5: 837-848.

6. Klimov A.V. Oscillatory processes in a
nonlinear system of an individual traction electric drive.
Truck. 2023; 7: 19-24. DOI 10.36652/1684-1298-2023-
7-19-24. EDN RXPWMI. (in Russ.)

7. Klimov A.V., Antonyan A.V. Research of
features of oscillating process’ behavior in the nonlinear
system of individual traction drive of an electrobus.

Izvestiva MGTU «MAMI». 2023; 17(1): 87-96. DOI:
https://doi.org/10.17816/2074-0530-115233 (in Russ.)

8. Klimov A.V. Investigation of the modes of
occurrence of self-oscillations in the electric traction
drive of an electric bus under operating conditions.
Truck. 2024; 3: 3-8. DOI 10.36652/1684-1298-2024-3-
3-8. EDN FXLUUX. (in Russ.)

9. Kotiev G.O., Padalkin B.V., Kartashov A.B.,
Diakov A.S. Designs and development of Russian
scientific schools in the field of cross-country ground
vehicles building ARPN. Journal of Engineering and
Applied Sciences. 2017; 12 (4): 1064-1071.

10. Ergin A.A., Kolomejtseva M.B., Kotiev G.O.
Antiblocking control system of the brake drive of
automobile wheel. Pribory i Sistemy Upravieniya.
2004; (9): 11-13.

11. Aref M.A. Soliman, Mina M.S. Kaldas.
An Investigation of Anti-lock Braking System for
Automobiles. SAE Internationalby Warwick University,
Thursday, May 05, 2016.

12. Chendi Sun and Xiaofei Pei. Development of
ABS ECU with Hard ware-inthe-Loop Simulation Based
on Labcar System. SAE International by Warwick
University, Thursday, May 05, 2016.

13. EdoardoSabbioni, Federico Cheli and
Vincenzo d’Alessandro. Politecnico di Milano Analysis
of ABS/ESP Control Logics Using a HIL Test Bench.
SAE International by Warwick University, Thursday,
May 05, 2016.

14. Hart P.M. Review of Heavy Vehicle Braking
Systems Requirements (PBS Requirements), Draft
Report, 24 April 2003.

15. Kurt M. Marshek, Jerry F. Guderman I,
Mark J. Jonson. Performance of Anti-Lock Braking
System Equipped Passenger Vehicles Part |: Braking
as a Function of Brake Pedal Application Force. SAE
2002 World Congress Detroit, Michigan March 4-7,
2002.

16. Zhileykin M.M. Research of Self-Oscillating
Processes in the Zone of Interaction of an Elastic
Tire with a Solid Support Base. BMSTU Journal
of Mechanical Engineering. 2021; 10: 3-15,
DOI: 10.18698/0536-1044-2021-10-3-15. (in Russ.)

17. Zhileykin M.M., Zhurkin M.M. Algorithm of
anti-lock braking system with anti-skid function for
two-axle cars with one driving axle. “lzvestiya MGTU
“MAMI. 2020; 1(43): 51-56. (in Russ.)

18. Klimov A.V., Ospanbekov B.K., Keller A.V.
[et al.] Research into the Peculiarities of the Individual
Traction Drive Nonlinear System Oscillatory Processes.
World Electric Vehicle Journal. 2023; Vol. 14, No. 11:
316. DOI 10.3390/wevj14110316. EDN BIISTI.

19. Klimov A.V. Suppression of self-osculations
of the drive wheels in braking mode. Truck. 2023;
9: 6-14. DOI 10.36652/1684-1298-2023-9-6-14.
EDN PUCDXP. (in Russ.)

20. Shamberov V.N. Friction self-oscillations in
mechanical system. Journal of Instrument Engineering.
2010; issue 53, No. 2: 24-28. (in Russ.)

21. Klimov AV. The observer of traction
electromagnetic torque at the shaft of a traction electric
motor. Tractors and Agricultural Machinery. 2023;
90(5): 423-431. DOI: https://doi.org/10.17816/0321-
4443-472138

© 2004-2024 BectHuk CubAN
The Russian Automobile
and Highway Industry Journal

712

Tom 21, Ne 5. 2024
Vol. 21, No. 5. 2024



22. Klimov, A.V. Synthesis of an adaptive observer
of the resistance torque at a shaft of a traction electric
motor. Tractors and Agricultural Machinery. 2023;
90(5): 99-105. DOl 10.17816/0321-4443-119856.
EDN: VKZKOY.

NH®OPMALINA OB ABTOPE

Knumoe AnekcaHdp Brnadumuposuy — KaHO. MeXxH.
Hayk, pykogsoodumersib Cryxbbl 3rekmpuguyuposaH-
Hbix asmomobuneli OO0 «MHHO8aUUOHHbIU UeHmp
KAMA3» (121205, 2. Mockea, WHHOBaUUOHHbIU
ueHmp Ckornkoeo, bonbwol bynbeap, 62, ogh. C-203);
oouy. [lepcrnekmusHOU UHXEeHEPHOU WKOMbl 3/1eK-
mpompaHcriopma MocKo8ckoeo MonumexHuU4ecKko20
yHusepcumema (107023, e. Mocksa, yn. bonbwas Ce-

TRANSPORT

PART Il

meHosckasi, 38), ORCID: http://orcid.org/0000-0002-
5351-3622;, SPIN: 7637-3104; e-mail: klimmanen@
mail.ru

INFORMATION ABOUT THE AUTHOR

Alexander V. Klimov — Cand. of Sci. (Engineering),
Head ofthe Electric Vehicles Service, KAMAZ Innovation
Center (121205, Moscow, Skolkovo Innovation Center,
62 Bolshoi Boulevard St., office C-203); Associate
Professor at the Prospective Engineering School of
Electric Transport, Moscow Polytechnic University
(107023, Moscow, 38 Bolshaya Semyonovskaya
St.), ORCID: http://orcid.org/0000-0002-5351-3622;
SPIN: 7637-3104, e-mail: kimmanen@mail.ru

Tom 21, Ne 5. 2024
Vol. 21, No. 5. 2024

© 2004-2024 BectHuk CnoAN
The Russian Automobile
and Highway Industry Journal

713



