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PaccMoTpeH BOIPOC MOBBILIEHNUS YCTONYMBOCTY FBYDKEHVSI U IITTABHOCTH XOJja aBTOMOOWIIS
[IpY [IBVDKEHUM O TIEPUOANYECKUM HepoBHOCTSIM. KomebaHus MalimHbl BAMSIOT IPaKTH-
4eCKJ Ha BCe ee OCHOBHBIE 9KCIUTyaTal[IOHHBIE CBOJICTBA (YCTOMYMBOCTD, YIPAB/IsEMOCTb U
IVIaBHOCTDb XOfa), a TAKXKe Ha Pacxoj TOIUIMBA. [IBIDKeHMe aBTOMOOUIIA B YCIIOBUAX Pe3o-
HAHCHOTO peXMMa KOJIeC MOXKET CONPOBOXKAATHCS OCTabNeHeM BEPTHUKANTbHON peaKum
TOpOIY Ha HUX U Ja’Ke UX OTPBIBOM OT JJOPOTM, YTO IPUBOAUT K CHVDKEHUIO YCTOYMBOCTY
MauHbel. Pe3oHaHCHbIEe KOMebaHMsi Ky30Ba XapaKTepU3YIOTCS 3HAYUTEIbHBIMU TMHEIHBI-
MU U YITIOBBIMU IlepeMelleHNAMY CaMOTo Ky30Ba M IIOJIE3HOJ Harpy3Ky MalIVHBI (BOAU-
TeJb, MACCAXUPBDI, TPY3bl U T. [.). ITU MepeMelleHNsT MOTYT IPUBECTI K OIACHBIM JJOPOX-
HO-TPAHCIIOPTHBIM CUTyalusAM. Takyum o6pasoM, IPOSIB/SAIOTC HeOIaronpusTHbIEe YCIOBYS
IBVDKEHNA C TOYKM 3PEHMS YCTOWYMBOCTY M YIIPAaBIAEMOCTM TPAHCIOPTHOTO CPECTBa, a
TAaK)Ke IIABHOCTY XOJIa, OIpefesiioiieil ypopeHb koMmdopra. [Tpemoxena HOBasi cucrema
AKTVMBHOI 6€30TIaCHOCTY MAIIVHbI, TO3BOJISIONAs IIOBBICUTD [UIABHOCTD X07a. [IpuBeseHsbI
Pe3y/IbTaThl UCCIeOBAHNS BIUAHNUS PabOThL CUCTEMBI CTAOMIN3ALUY BePTUKAIbHBIX Peak-
LUl [OpOrY Ha IIABHOCTb XOfia aBTOMOOMIISL.

KinroueBble c1oBa: aBTOMaTM3MPOBaHHOE YIIpaBjIeHNe MOABECKO aBTOMOOWIIA, CTaOWUIN-
3alis BEPTUKATBHBIX peaKUil JOPOTH, CUCTeMa CTaOMIM3alyl BePTUKAIbHBIX PeaKIinii,
YCTOIYMBOCTD ABVKEHMSI aBTOMOONIIA, ITTABHOCTh XOfia aBTOMOOMIIA.

The article discusses the issue of increasing driving stability and ride quality of a vehicle
when driving on a road with a periodic profile. Vehicle vibrations have an impact on virtu-
ally all the main operational properties of the vehicle (stability, control and ride quality) as
well as fuel consumption. The movement of the vehicle under resonance wheel conditions
can be accompanied by a weakening of the vertical reaction of the road on the wheels and
even wheel detachment from the road that can decrease vehicle stability. Resonant vibra-
tions of the vehicle body are characterized by large linear and angular displacements of the
body and the vehicle payload (driver, passengers, cargo, etc.) that can lead to dangerous
road situations. This manifests in adverse driving conditions, both from the point of view of
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stability and controllability of the vehicle, and the ride quality that determines the comfort
of using the vehicle. The paper proposes a new active safety system that helps to increase
the vehicle ride quality. The research results of the influence of the stabilization system of
the vertical reactions of the road on the ride quality are presented.

Keywords: automated control of vehicle suspension, stabilization of the vertical reactions of
the road, stabilization system of the vertical reactions, vehicle stability, vehicle ride quality.

B Mupe HeMaso CTpaH, 3aHMMAIOLIVX OTPOMHYIO
teppuroputo (Poccma, Kwuraii, Vumna, Kanapa,
CIIA u gp.), rie JOCTaTOYHO TPYZHO 00eCHednThb
HaJyIeXXalllee KadyecTBO [IOPOT, IPOTSKEHHOCTDb
KOTOPBIX M3MEPAETCA [EeCATKAMMU M COTHAMU ThI-
cs4 KuaoMeTpoB. [eonmormueckme u KiammaTude-
CKUe YC/IOBUsA, CE30HHBIE ABJIEHMS U XapaKTep
OBVDKEHVA TPaHCIIOPTHBIX CPENCTB BBISBIBAIOT -
¢dbopmanMy U HapylleHNe POBHOCTU JOPOT — Kak
TPYHTOBBIX, TaK U C TBEP/bIM IIOKPBITUEM.

Bo MHOrux cmy4asx xapakTep AedopMariuii
IPUBOAUT K 00pa3s0OBaHNUIO Ha JOPOTe HEKOTOPOTO
HepPUOANIECKOT0 Mpodus, 6IM3KOTO K CHHYCOM-
e, ¢ pnuHaMmu BonH oT 0,5 mo 1,5 m. Ecnu mnmna
BOJIHBI IIEPUOANYECKOTO IPOPUIA cOCTaBsAeT 1 M,
TO IPU CKOPOCTU aBTOMOOWIA 36 KM/4 cucTeMa
MOJPECCOPMBAHMA  IIOMYy4aeT KMHEMAaTU4IeCKOe
BO30yX/eHue ¢ vacroroir 10 I'm. Dto 3HaueHme
4aCTOTBHl HAXOAWUTCS B AMAIla30HE pealbHBIX CO0-
CTBEHHBIX YaCTOT KOJIEC B CHCTEME IOAPeCccCOpyBa-
HysA MamvH (5...12 I'n). Ilpu coBnageHun ynoms-
HYTBIX YacTOT Kojleca J[IBJDIKYIIErocs TPaHCIOPT-
HOTO CpencTBa Ha4JHAIOT UCIBITBIBATD
VHTEHCUBHBIE KOJIeOaHNsA, CONPOBOXKaeMble 3Ha-
YUTENbHBIMY M3MEHEHUAMY BePTUKA/IbHON CUJIBL,
TEICTBYIOIIEl Ha KOMeCO CO CTOPOHBI joporu. B
OIIpefle/IeHHbIX ClIy4asAX BepTUKAAbHasA peaKUus
(BP) moporu Ha Koy1eco MO>KeT 0Ka3aThCs HY/IeBOA.
Ocnabnenne BP cHMKaeT ycToIYMBOCTb aBTOMO-
OIS, 9YTO MO>KET NPUBECTY K OIACHBIM JJOPOXKHO-
TPAHCHOPTHBIM CUTYaLMAM B CIydae BO3/EIICTBYS
OOKOBBIX CIJI, CO3/IaBaeMbIX BETPOM WM LIeHTPO-
Oe>KHOII CUJION, TIPY ABVDKEHMM Ha BUPaXKe.

Ecnu MammHa MCHBITHIBAaeT [eiicTBUE Iepuo-
AMNYeCKOro MpouIs HOPOrM Ha dYacTore co6-
CTBEHHBIX KOJIeOaHUII NOAPECCOPEHHON MaccChl B
OBYDKEHU! BJOJIb BEPTUKAIbHON OCKM WIM B IIPO-
HOJIbHBIX YIVIOBBIX KOJEeOAHMSAX, TO BO3HMKAET
BO3MOXXHOCTDb ocmabnenusa BP, Taioke Bepymero x
CHIDKEHMIO YCTOMYMBOCTM aBTOMOOWIA. OTcioma
BBITEKAeT I1e7IeCOOOPA3HOCTh CO3JJAHMs CUCTEM
aKTVMBHOJ 0e30IIaCHOCTY, CHIDKAIOUIVX TaKMe KO-
nebaHMs 10 0e30MaCHBIX NpeIenoB U TeM CaMbIM
HOBBIIIAOINX 0e30IIaCHOCTb [IBVDKEHMS TPaHC-
MOPTHBIX CPEACTB IO y4YacTKaM C BbIPa)KEHHBIM
nepuodeckuM npodmieMm. OJHUM U3 U3BECTHBIX

TE€XHUYECKNX PeLIeHNI TaKOro TUIIA ABJIAETCA CH-
creMa CTaOWIM3ALMM ITOJIOXKEHUSI IIOJPECCOPEH-
HOJ Macchl, IPUMMEeHEHHasl Ha CepUIIHOM aBTOMO-
6mie Mercedes W221 S-class.

Komebaumst B cucremMax MOIpeccOpMBaHMs
OCTAIOTCA TPEeIMETOM MCCIeJOBAHMUSA POCCUICKUX
¥ 3apYOEKHBIX YUEHBIX Y)Ke B TedeHIe MHOTUX JIeT.
B ny6immxanysx [1-4] paccMOTpeHbI yIpaBiiseMble
CHUCTEMBI TIOfIpeCcCOPUBaHN, CHAOKEHHBIE YCTPOIl-
CTBaMM CTaOWIM3aLMM HOTOXKEHNUST Ky30Ba aBTO-
MOOWIA B LeMAX co3faHusa 6omee KOMGOPTHBIX
YCIOBMII /ISl TACCAXKMPOB Y IIEPEBO3VMBIX IPY30B.
B pa6orax [5-15] mpepcraB/ieHbl MHOTOYMCIIEH-
Hble BapMaHTbl CHUCTEM ABTOMATU3MPOBAHHOTO
yIpaBleHNsA TOABECKON MalIMHbBI, BKIIOYas akK-
TUBHbIE ¥ IIOJTYaKTUBHbIE CUCTEMBI IOAPECCOPU-
BaHUA.

Lenp paboThl — MCCIEfOBaHME METOMA TIOBBI-
IIeHVsI YCTOMYMBOCTY JIBVDKEHUSI aBTOMOOWIS 1O
HepPUOANYECKIM HEPOBHOCTSAM IIyTeM CTabuIn3a-
uuu BP moporu u ero BAuAHMA Ha CTaOUIM3ALUIO
MIOJIOKEHMA Ky30Ba IO BBICOTE€ M yITaM B IIPO-
JOJIbHOM ¥ TIOTIEPEYHON BEPTUKANbHBIX IITIOCKO-
CTSAX, T. €. Ha TIOBBIILIEHE aKTUBHOI 0€30I1aCHOCTI
U TIJTABHOCTU XOJa MAI/HBbI.

Ha puc. 1 mnpencraBneHa cxeMa CHUCTEMBI
ynpasneHus crabuamsanyeit BP joporn Ha omHO
KOJIeCO aBTOMOOWIISI, KOTOpas BK/IOYaeT B cebs
MOJIPECCOPEHHYI0 1, U HENOAPECCOPEHHYIO M)
Macchl, a TaK)Xe IIOABECKY, CBA3BIBAOLIYIO UX.
IlepBas MMUTUPYET MacCy Ky30Ba MallVHBI, BTO-
pasg — Maccy aBTOMOOM/IBHOTO KOjIeca C MOJBIDK-
HBIMU JeTAJAMU MO[BECKM, IOIIINUITHUKOBOTO y3-
Jla ¥ TOPMO3HOTO MeXaHusMma. B cocras nopsecku,
CBASBIBAIOLEN MacChl #; U M, BXOAUT YIPYIUi
37IEMEHT C JKECTKOCTBIO Cy, aMOPTU3ATOP C KO-
¢bunnentom comporusneHus k, M pacronoKeH-
HBI/l IapajjieIbHO MM YIPaBIAAEMbIN 3/IEMEHT —
UCHONTHUTE/IBHOE  YCTPOIICTBO, KOTOpO€ 4YacTo
Has3plBalOT AKTIOATOPOM. B KauecTBe Takoro
YCTPOJICTBAa MOKHO MCIIONb30BaTh NPAKTUYECKNU
nMr000it IBUTaTeNb NTMHENHOTO [NeCTBUS: TUAPAB-
JIMYECKU LVIMHLP, 3JIEKTPOMArHUTHBIN JIVHEN-
HBIIl ABUTATe/Ib VIM ITHEBMOABUTATENb. DTU arpe-
raThl MOTYT pasNM4YaTbCsl KaK IO XapaKTepUCTU-
KaM, TaK 1 II0 0COOEHHOCTSIM YIIPaB/IeHNs VM.
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Puc. 1. CxeMa cuCTeMBbI YIIpaB/IeHUs CTabyIM3anmeit
BP poporu Ha Komeco aBTOMOOWIISI IPY ABVKEHUN
110 IIePUOANYECKOMY IpOdIIIIO:

A — axToarop (ruppounnuuap); VIII — MCTOYHMK [JaB/IeHN;
BY — 6ok ympasnenust; [IJIP — maT4mk JMHAMUYECKOTO
panuyca

HPC,T_ICTaBTIeHHa}I Ha puc. 1 MOJOENIb OIIMChIBACT-
Cs1 YypaBHEHUAMUI

Mz, =cy(z1— 2, + Ap) + ko (21— 25) +
te(zi—zy —13) -1 g;

mz =—cy(z1 -2+ Ap) —ka (21— 22) —cc(z1 -
— 2y —13)—mg+cy (2, — 21+ Ay) +ku (2, —21),

TAe Z,, Z1 U 23, 2] — BEPTUKAIbHbBIE YCKOPEHNUS
U KOOPAMHATBHI IOJPECCOPEHHON ¥ Helo[pecco-
PEHHOI MacC COOTBETCTBeHHO; A, Ay, — mocTo-
stHHbIe K09 DUIMEHTBI; ¢ — HepemaTOIHbIN KO-
apPULMEHT, OIpefe/AIVI 3HaYeHNe CUIbL, CO-

3[laBaeMoll B aKTIATOPe; Z; — BepTUKa/IbHAA KO-
OpAVHATA IPOPWIA JOPOTH; 7; — AVHAMUYECKNI
pajmyc Kojeca aBTOMOOWIA B IIOKOE; Cyy — Pajy-
a/IbHasl )KeCTKOCTb IMHBL ky — KoadduumeHt
HeMI(UpPOBaHNA B LINHE.

Il peleHns 3agaum O KONeOAHUAX CUCTEMBI
HOZIPECCOPUBAHMsI  AaBTOMOOW/ISL CO3JAfUM  €ro
YaCTHYIO JVHAMUYECKYI0 MOJie/ib, 2 UMEHHO MO-
IeNlb CHUCTeMBI ITIOf[PeCCOPMBAHMA C 3T€eMEHTaMIu
CUCTeMBbl yrpaBieHnsa crabmmmsanyerr BP. Cxema
3TON CUCTeMBI IIpefiCTaB/IeHa Ha pucC. 2, Iie O, —
YTONm KpeHa; O, — yron TaHraxa (yrom B Hpo-
TO/IbHOV BEPTUKAIBHON IJIOCKOCTY MEXJY TOpU-
30HTAIbHOI M TIPOJIOTIBHO OCAMU aBTOMOOWIIA);
C — yenrp Tspxectu (LIT) aBromobms.

IIpencraBneHHas Ha pucC. 2 MOfie/Ib ONMCBIBAET-
CA ypaBHEHMAMM

]ydy =(Fzsn +Fz3n)L3 _(Fzrm +ann)Ln5
J<Oix =(ann +Fzsn)Dn _(Fzrm +Fz3n)Dn§

mbodysz =Fm + Foun + Fosn + Foans

rme J, u Jx — MOMEHTHI MHEpPIMM KOPITyca Ma-
LIVHBI OTHOCUTENBHO Ocell y U X; Frap, Foans Fomns
E,;n — cyMMapHble CUIIBL, [IeICTBYIOLIYE Ha KY30B
OoT mojBecok; L, m L; — paccrosHuA OT IoIle-
PEYHON BEPTUKAIbHON IIJIOCKOCTH, IPOXOAAIIEN
gyepe3 LT aBroMOOWIs, MO 3a7HEN U TepegHeit
nopsecky; D, m D, — paccrosHuA OT IPOJOJIb-
HOJVI BEPTUKA/IBHONM IUIOCKOCTM, IPOXOAAILEN de-
pes LT mo meBoit m mpaBoOil TOIBECKU; Mpody —
HOZIpeCCOpeHHas Macca aBTOMOOWIA; Vo, — YCKO-
perne LI'T oTHOCUTENBHO OCH Z.

IIpu peanpHOM [ABVWKEHUM aBTOMOOWIS B pe-
JKMMeE PEe30HaHCa KOJIeC MOXXET BOSHMKHYTb MX

Puc. 2. Cxema IMHAMUYECKOI MOJE/N CUCTEMBI IOJPECCOPUBAHNS AaBTOMOOIIS
€ aKTUBHBIM ynpaBneHneM BP goporu Ha xoneca
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OTPBIB OT JOoporu. B aToM cmydae MareMaruye-
CKO€ OIMCaHMe CBA3M KOjeca C JOpPOroy NpUHU-
MaeT He/lMHeNHbIl XapakTep. K mpunAromy i
JIVHETHOV MOJIe/IN OIVICAHUIO JOOaBIIAETCS YCIO0-
BIe, 3aK/lIoyarolleeca B ToM, 4To BP komeca ne
MOXeT OBITb OTpMLATENbHOI. [Ina pemeHns Ta-
KOJ He/IMHEeNHOM 3aJjayM IIPUMEHUM METOJ, UMU-
TalMIOHHOTO MOJENINPOBAHNA, Ppeanus3yeMblil B
nakere MATLAB/Simulink.

MopenupoBaHue IBUKEHUA aBTOMOOWIA B pe-
30HaHCHOM pexkuMe Koeca (Ha yacrore 11 I') mo
CUHYCOUZIAIbBHOMY NPOGIII0 ¢ aMIuntypoit 0,04 m
N03BOJIIET OLEHUTb 3 (PEeKTUBHOCTb yIIpaBIeHNUA
nporeccoM crabunmsanyy BP Ha Takoil BBICOKOII
4gacroTe. PesynbTaThl pacyeToB NpMBENEHBI Ha
puc. 3. Ha sToM 1 nmocnefyommx pUCyHKax Ipef-
CTaBJIeHBl PEXJMBI IBJDKEHVSA aBTOMOOWIA Oe3
ynpasnenusa BP B nnrepsaine 0...10 ¢ u ¢ ynpase-
Huem BP B mumamasosne 10...20 c.

F, xH

ITpn pBIOKeHUM MalmVHBI 6e3 ympasnaeHus BP
pasmax BP komeca cocraemger 14500H, a
c ynpasnenneM BP — 7855 H, 1. e. ee sHaueHne
yMeHbIIaeTCsA MOYTH B 2 pasa. ITO CYIIECTBEHHO
HOBBIIIAET YCTOMYMBOCTD aBTOMOOWIA, a C/IefoBa-
Te/IbHO, ¥ 6e30MacHOCTh ero ABIbKeHmA. OfHAaKo
IpY 9TOM IIPOMICXOAUT HeOOJbIIOe yBelndeHNe
aMIUIMTYbl BepTMKanbHBIX Konmebanuit LT ero
Ky30Ba, KoTopas nmpu 9acrore 11 I' B pexxnme He-
ynpaBiseMoli noasecku coctasaser 0,5 M. Ilpnu
IpUMeHEeHUM CUCTeMbl crabuwmsanyy BP ammmm-
Ty#a Bo3pacTaer [0 1,5 MM, HO TaKOe CHIDKEHME
IUVIaBHOCTM XOJja aBTOMOOWIA BIIO/IHE JIOITYCTUMO
BBUJly 3HAYUTEIBHOTO IOBBIMIEHNS €r0 YCTONYM-
BOCTH.

Ha puc. 4 npusefenp! gyarpaMMbl U3MEHEHUS
BO BPEMEHM MTHOBEHHOJ MOLJHOCTM, 3aTpavlBa-
€MOJl Ha yIIpaBjIeHMe CUCTeMOoil cTabumusauuu BP
HOporm Ha Kojeca, M CUIBI, CO3[aBaeMoll
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Puc. 3. luarpamma nsmeHeHust Bo Bpemenn ¢t BP noporu (F.) Ha Komeca aBTOMOOWISL IIPY JBVDKEHUY B PeXXKIIMe
VX Pe30HaHca 0 CUHYCOMAAIbHOMY Ipoduio ¢ ammmntygoit 0,04 M 6es yrpasieHus u ¢ ynpasieHuem BP
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Puc. 5. [uarpamMmsl n3MeHeHus Bo BpeMenn t BP noporu (F;) Ha Ko/meca MaIlyHbl
B PE30HAHCHOM PeXXMe Ky30Ba (a) 1 BepTrKanbHoro nonoxenns 1T aBromobus zc
Ipu KojiebaHusIX Ha COOCTBEHHOIT 4acTOTe Ky30Ba (6) B IIpoLiecce ABIDKEHMs
10 CMHYCOMAaIbHOMY poduiio ¢ ammntygoi 0,05 M 6es3 ypasieHus 1 ¢ yipasieHrem BP

aKToaTopoM. MakcumanbHass MTHOBEHHas MOII-
HOCTb P cocraBnser 10 kBrt, a cpemusas mou-
HocTb — 8,3 KBT. Ynpasnawomas cuna F, usmens-
ercs B npefenax —4...+4 xH.

BaxHelmuM JOCTOMHCTBOM HOBOTO METOJA
ynpasienus BP sBnsercs crocoOHOCTh CUCTEMBI
obecreunBaTh cTabmnmsanuio kak BP moporm Ha
KOJIeca aBTOMOOWISI, Tak U (B OIpe[eneHHo CTe-
IIeH!M) IIOJIOXKEHMsI ero Ky3oBa Ha 4acToTe co0-
CTBEHHBIX KOJIeOaHUIT 1O BEPTUKAJIIBHOM OCH, a
TaK)Ke NpY NPOJONbHBIX M MONEPEYHBIX YITOBBIX
KO/MeOaHUsAX.

ITIpn MopenupoBaHuMM KomebaHMIT MAIINHBI,
IIOfiBECKA KOTOPOIT BO30YX/jaeTcsi Ha 4acToTe cob-
CTBEHHBIX KOJIe6aHNII Ky30Ba OT [eICTBUS JOPOTU
CUHycoupiaibHOrO mpodwis ¢ ammmrypoit 0,05,
TaKKe PEXUM ABVDKEHVS aBTOMOOWIA 6e3 yIpas-
nenua BP mnpepcrasnen B mHTepBane 0...10 ¢, a
cynpasienneM BP — B pgmamasone 10...20 c.
C y4eToM TOTO, YTO IIPU JBYDKEHUM aBTOMOOWIA
IO TIepUOANYECKIM HEPOBHOCTAM B peXMMe Bep-
TUKTbHBIX KO/MeOaHUII Ky30Ba Bce KOJeca IBMN-
XKYTCS M HArpy>KaloTCA OAMHAKOBO (BCIENCTBUE
TOTO, YTO MOJie/Ib BLIIIOJTHEHa CUMMETPUYHOI OT-
HOCHUTE/IbHO COOCTBEHHBIX TOPU30HTA/IBHBIX OCENl),
Ha pguarpaMMe (puc. 5, a) IpefcTaBlIeHa KpUBas
M3MeHeHUs BO BpeMeHM BepTMKaIbHOI CUIbl Ha
OIHOM Kojiece. AMIUIUTyzia Konebanuit BP joporu
Ha KOJIeCO NpM OTCYTCTBUM ympaieHus BP co-
crasnser 5 187 H, a npu ero Hanmyum — npumep-
HO 1 341 H, T. e. ee 3Ha4eHMEe YMEHbIIAETCA TIOYTU
B 4 pasa.

PesynbraThl pacueTa BepTUKA/JIbHOTO IIONOXKe-
Hus 1T aBromobuns mpy KonmeGaHMsAX Ha COO-
CTBEHHOJ 4acTOTe Ky30Ba B IIpOLlecce [IBVDKEHMA
10 CUHYCOMJATbHOMY HPOQWII0 C aMIUIATYHON
0,05 M (puc. 5, 6) mokasanu, 4To 6e3 yIpaBIeHNUA
BP ammmmryna BeprukanbHbix KonmebGammit IIT
paBHa 0,26 M, a c ynpasinenueMm BP — 0,069 m, T. e.
BTOPOE 3HaY€HME COCTABAET 26 % MepBoro.

PaccMoTpuMm BiusiHue pabOThI CUCTEMBI CTabM-
msanyy BP moporu Ha mpogpomnbHbIE YIIOBbIE KO-
nebaHMA Ky3oBa MamyHbl. CrieflyeT OTMETUTD, YTO
JUIA YUCTOTBl KOMIIBIOTEPHOTO 9KCIIEPUMEHTa
B pelllaeMyi0 MOZIe/Ib 3a/I0)KeHa CXeMa aBTOMOOMIIA
C CUMMETPUYHBIM pacIpefie/ieH/ieM Harpy3ok Ha
HepefiHIO U 3a[HIOI0 OCb, a TAKXe Ha JIEBYIO U
IPaByI0 CTOPOHY, YTO Jla€T BO3MOXKHOCTb CUUTATh
He3aBUCUMbIMI BEPTUKAJIbHbIE U IIPOJOJIbHbIE
yITIOBBIe KO/eOaHNsA Ky30Ba.

Pe3ynbraThl MOME/IMPOBAHMS PeXVMa JIBIDKe-
HUS aBTOMOOWM/IA 1O NPOQWII0 [OPOTY, BO3OYX-
lAI0I[eMy IIPOJOJIbHbIE U IIOIEPeYHble YITOBbIE
KOj/Ie0aHMsI Ky30Ba C PE30HAHCHOI 4acTOTON, IO-
Kasamt 3(G¢eKTUBHOCTL ympasneHus BP xkomec
C TOYKY 3peHNUsA CTaOWIN3alny OJI0KEHN Ky30Ba
KakK II0 NPOJIONbHOMY YTy (YI/Ty TaHTaxka), Tak U
10 nonepeyHoMy (YI/y KpeHa). S3HaueHUsA aMIUIN-
TyZ KOoJIeOaHMil YITIOB TaHIaXka U KpeHa 6e3 yrpas-
nenus (A) u ¢ ynpasnennem BP xonec (b) npuse-
JIeHbI HIDKe:

A b
AMmiryna KonebaHumii yria
TAHTAKA Oy, TPATYC oo v v v v v v 85 2,5
Amnnutypna konebanmit yria
KPEHA Ol TPAZYC . o ev v v v e e e viiiiin s 12,5 5,0

Kak BMZHO M3 IpUBe[eHHBIX AAHHBIX, aMIUIN-
Tyga KojeOaHMil yIla TaHTaXa IpYU ABVDKEHUMN
MallMHbl 6€3 MCIIONb30BaHUA CUCTEMBI CTAOMIM-
sanuu BP moporu Ha Koneca cocraBuia 8,5°% a yria
KpeHa — 12,5°. [IpuMeHeHue cucTeMsl cTabummsa-
uuy BP Ha Koseca Mo3BONMMIO YMEHBIINUTD 3HAYe-
HUA aMIUTUTYZ, Oy U Ok B0 2,5 U 5°, T. e. bosee 4eM B
3 1 2,5 pa3a COOTBETCTBEHHO.

BriBojabl

1. Mcnonp3oBanme npefaaraeMoil aKTUBHOM
HIO/IBECKY, BK/TIOYAIOIIElT B ceOs CUCTeMy yIpaBiie-
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Hust BP noporn Ha xoneca aBToM0oOWIs1, 0becreun-
BaeT CTabMIM3aLNIo:

*BP pmoporm Ha Kojeca, 4YTO YBEIMYMBAET
YCTOMYMBOCTb [JBVDKEHMSI MAIIMHBI, YMEHbIIAs
aMIUVINTYAy BepPTUKa/IbHON CUIbI B3aMMOJECTBUSA
TOporu 1 Kojeca Ha 55...65 %;

* BEPTUKAJIbHOV KOOP[MHATHI IOJIOKEHNA KY-
30Ba B NPOCTPAHCTBE, a TAaKXKe YITIOB TaHTaXXa U

JIuteparypa

KpeHa, YTO MOBBIIIAET IIABHOCTh XO7a aBTOMOOM-
7S M yBenuuMBaeT KOMQOPT IacCaXMpos, B 2-3
pasa CHmKas aMIUIMTY[Y BePTMKAIbHBIX U YIJIO-
BBIX KOeOaHMIL.

2. Mo1jHOCTD, 3aTpaunBaeMas Ha yIpaBleHUe
MOfIBECKAMI YeTBbIpeX KOJIeC JIETKOBOTO aBTOMO-
6w, B cpeqHeM coctasysieT 0,25...16 kBr.

[1] Tapun B.B. Teopus 0susenus nonHonpusooHvix konecHvix mawun. Mocksa, Vsa-so MI'TY

nm. H.9. baymana, 2010. 391 c.

[2] Jazar R.N. Vehicle Dynamics: Theory and Application. NY, Springer Science+Business Media,

2008. 1015 p.

[3] Kernos J1.O. Cnexmpanvuviii Memood paciema cucmem noopeccopusanus KONECHbIX MAUUH.
Mocksa, Vsg-so MI'TY um. H.9. baymana, 2013. 212 c.

(4] Kuneitkur M.M. Ilosviuernue ObicmpoxoOHOCHU MHO200CHbIX KOTECHbIX MAUWIUH Myrem
a0anmueHoz0 ynpasneHus ynpyzo-0emn@upyousumu dsnemeHmamu cucmemot noOOPeccopu-
sanus. [luc. ... n-pa TexH. HayK. Mocksa, 2012. 280 c.

(5] ITonos I.H. Mexanuka 2udpo- u nnesmonpusodos. Mocksa, 3a-so MI'TY um. H.9. bayma-

Ha, 2002. 320 c.

[6] Venkateswarulu E., Ramesh raju N., Seshadri G. The active suspension system with hydraulic
actuator for half car model analysis and self-tuning with PID controllers. International
Journal of Research in Engineering and Technology, 2014, vol. 3, is. 9, pp. 415-421. URL:
http://esatjournals.net/ijret/2014v03/i09/IJRET20140309065.pdf (zaTa obpamenus 15 des-

pans 2017).

[7] Fang J. Active suspension system of quarter car. A thesis presented to the graduate school of
the University of Florida in partial fulfillment of the requirements for the degree of master

of science,

University of Florida,

2014. 70 p. URL: http://matlabproject.ir/

form/files/246735.pdf (mara obpamenus 1 dpespans 2017).

[8] Kruczek A., Stribrsky A. A Full-Car Model for Active Suspension — Some Practical Aspects.
Proceedings of the IEEE International Conference on Mechatronics, 2004, pp. 41-45. URL:
ieeexplore.ieee.org/iel5/9394/29807/01364409.pdf (zata obparenns 15 suBaps 2017).

[9] Fu Cheng Wang. Design and Synthesis of Active and Passive Vehicle Suspensions. A disserta-
tion submitted for the degree of Doctor of Philosophy, University of Cambridge. United
Kingdom, 2001. URL: http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.6.5818
&rep=repl&type=pdf (zara obpamenus 1 ¢pespans 2017).

[10] Kruczek A., Stribrsky A., Honcu J., Hlinovsky M. Automotive active suspension — case
study on H-infinity control. Proceedings of the 13" WSEAS International Conference on
Automatic Control, Modelling and Simulation, 2011, pp. 392-397. URL: http://wseas.us/
e-library/conferences/2011/Lanzarote/ ACMOS/ACMOS-78.pdf (maTa obpamennus 1 des-

pans 2017).

[11] Fayyad S.M. Constructing Control System for Active Suspension System. Contemporary En-
gineering Sciences, 2012, vol. 5, no. 4, pp. 189-200. URL: http://m-hikari.com/ces/ces2012/
ces1-4-2012/fayyadCES1-4-2012-1.pdf (maTa obpammenns 15 ¢penpana 2017).

[12] Kruczek A., Stribrsky A., Honcu J., Hlinovsky M. Active Suspension — Case Study on Ro-
bust Control. World Academy of Science, Engineering and Technology, 2011, vol. 78,
pp. 411-416. URL: http://waset.org/publications/15781/active-suspension-case-study-on-
robust-control (gara obpaienus 15 pespasst 2017).

[13] Chantranuwathana S., Huei Peng. Adaptive robust force control for vehicle active suspen-
sions. International Journal of Adaptive Control and Signal Processing, 2004, pp. 83-102.

URL:

https://www.researchgate.net/publication/227657270_Adaptive_robust_force_

control_for_vehicle_active_suspensions (gaTa obpaiennus 15 ¢peBpans 2017).



#5 [686] 2017

M3BECTHMA BBICIIVX YYEBHBIX 3ABETEHNN. MAIIMHOCTPOEHNE 35

[14] Schofield B. Model-Based Vehicle Dynamics Control for Active Safety. PHD thesis, Lund
Institute of Technology, 2008. 186 p.

[15] Hryen Um Kowr. ITosviuenue ycmoliuueocmu 08UiMeHUS ABMOMOOULL UCHONb306AHUEM
cucmemol ynpasneHus cxoxoeHuem xoznec. Juc. ... KaHm. TexH. HayK. Mocksa, MITY
um. H.9. baymana, 2009. 135 c.

References

[1] Larin V.V. Teoriia dvizheniia polnoprivodnykh kolesnykh mashin [Theory of motion of four-
wheel drive wheeled vehicles]. Moscow, Bauman Press, 2010. 391 p.

[2] Jazar R.N. Vehicle Dynamics: Theory and Application. NY, Springer Science+Business Media,
2008. 1015 p.

[3] Zheglov L.F. Spektral'nyi metod rascheta sistem podressorivaniia kolesnykh mashin [Spectral
method of calculation of the suspension systems of wheeled vehicles]. Moscow, Bauman
Press, 2013. 212 p.

[4] Zhileikin M.M. Povyshenie bystrokhodnosti mnogoosnykh kolesnykh mashin putem adap-
tivnogo upravleniia uprugo-dempfiruiushchimi elementami sistemy podressorivaniia. Diss.
dokt. tekh. nauk [Increasing the specific speed of multi-wheeled vehicles by adaptive con-
trol of elastic-damping elements of the suspension system. Dr. tech. sci. diss.]. Moscow,
Bauman Press, 2012. 280 p.

[5] Popov D.N. Mekhanika gidro- i pnevmoprivodov [Mechanics, hydro- and pneumatic drives].
Moscow, Bauman Press, 2002. 320 p.

[6] Venkateswarulu E., Ramesh raju N., Seshadri G. The active suspension system with hydraulic
actuator for half car model analysis and self-tuning with PID controllers. International
Journal of Research in Engineering and Technology, 2014, vol. 3, is. 9, pp. 415-421. Available
at: http://esatjournals.net/ijret/2014v03/i09/IJRET20140309065.pdf (accessed 15 February
2017).

[7] Fang J. Active suspension system of quarter car. A thesis presented to the graduate school of
the University of Florida in partial fulfillment of the requirements for the degree of master
of science, University of Florida, 2014. 70 p. Available at: http://matlabproject.ir/
form/files/246735.pdf (accessed 1 February 2017).

[8] Kruczek A., Stribrsky A. A Full-Car Model for Active Suspension — Some Practical Aspects.
Proceedings of the IEEE International Conference on Mechatronics, 2004, pp. 41-45. Avai-
lable at: ieeexplore.ieee.org/iel5/9394/29807/01364409.pdf (accessed 15 February 2017).

[9] Fu Cheng Wang. Design and Synthesis of Active and Passive Vehicle Suspensions. A disserta-
tion submitted for the degree of Doctor of Philosophy, University of Cambridge. United
Kingdom, 2001. Available at: http://citeseerx.ist.psu.edu/viewdoc/
download?doi=10.1.1.6.5818&rep=repl&type=pdf (accessed 1 February 2017).

[10] Kruczek A., Stribrsky A., Honcu J., Hlinovsky M. Automotive active suspension - case
study on H-infinity control. Proceedings of the 13" WSEAS International Conference on Au-
tomatic Control, Modelling and Simulation, 2011, pp. 392-397. Available at:
http://wseas.us/e-library/conferences/2011/Lanzarote/ ACMOS/ACMOS-78.pdf  (accessed
1 February 2017).

[11] Fayyad S.M. Constructing Control System for Active Suspension System. Contemporary En-
gineering Sciences, 2012, vol. 5, no. 4, pp. 189-200. Available at: http://m-hikari.com/
ces/ces2012/ces1-4-2012/fayyad CES1-4-2012-1.pdf (accessed 15 February 2017).

[12] Kruczek A., Stribrsky A., Honcu J., Hlinovsky M. Active Suspension — Case Study on Ro-
bust Control. World Academy of Science, Engineering and Technology, 2011, vol. 78,
pp. 411-416. Available at: http://waset.org/publications/15781/active-suspension-case-
study-on-robust-control (accessed 15 February 2017).

[13] Chantranuwathana S., Huei Peng. Adaptive robust force control for vehicle active suspen-
sions. International Journal of Adaptive Control and Signal Processing, 2004, pp. 83-102.
Available at:  https://www.researchgate.net/publication/227657270_Adaptive_robust_
force_control_for_vehicle_active_suspensions (accessed 15 February 2017).



36 M3BECTWA BBICIIVIX YYEBHBIX 3ABEJIEHUI. MAIIMHOCTPOEHME

#5 [686] 2017

[14] Schofield B. Model-Based Vehicle Dynamics Control for Active Safety. PHD thesis, Lund In-

stitute of Technology, 2008. 186 p.

[15] Nguen Chi Kong. Povyshenie ustoichivosti dvizheniia avtomobilia ispol’zovaniem sistemy up-
ravleniia skhozhdeniem koles. Diss. kand. tekh. nauk [Improving the stability of the vehicle
using the control system of the wheel alignment. Cand. tehn. sci. diss.]. Moscow, Bauman

Press, 2009. 135 p.

Nudopmanus 06 aBTopax

AJTIBCATTAMEX Banbcam (MockBa) — acmmpaHT Kadenpsl
«Komnecusie mammupl». MI'TY um. H.9. Baymana (105005,
Mocksa, Poccuiickas ®epepanus, 2-a baymanckas yi., f. 5,
crp. 1, e-mail: balsam34@hotmail.com).

PA3AHIEB Bukrop ViBanoBuu (MockBa) — JOKTOp Tex-
HUYECKMX HayK, Ipocdeccop Kadenpbl «KoecHble MaIIVHBI».
MITY um. H.9. Baymana (105005, Mocksa, Poccuiickass ®e-
Ieparus, e-mail:
ryazantsevl @yandex.ru).

2-1 baymanckaa ym., @ 5, crp. 1,

CraTbs nocrynmia B pegaknuio 28.02.2017

Information about the authors

ALSALAMEH Balsam (Moscow) — Postgraduate, Department
of Wheeled Vehicles. Bauman Moscow State Technical Univer-
sity (105005, Moscow, Russian Federation, 2" Baumanskaya St.,
Bldg. 5, Block 1, e-mail: balsam34@hotmail.com).

RYAZANTSEV Viktor Ivanovich (Moscow) — Doctor of
Science (Eng.), Professor, Department of Wheeled Vehicles.
Bauman Moscow State Technical University (105005, Mos-
cow, Russian Federation, 2" Baumanskaya St., Bldg. 5,

Block 1, e-mail: ryazantsevl @yandex.ru).

B NanarenpctBe MI'TY nm. H.9. baymana

AM. Cuoponn, EM. Cropuali
i '”'"ﬂr'f‘

Becdniocosas
naka anioMMHUA
B KPMOreHHOW TeXHUKe

BbIIIJIa B CBET MOHOI‘pa(I)I/IH

A.N. Cmopopuna, E.VI. Cropuyasa

«becdnrocoBas maiika aTIOMIHUSA

B KPMOT€HHOM TeXHMKEe»

O6006111eHbI pe3ynbTaThl MCCIeLOBAHMII 0 TeXHOTOTMI BBICOKO-
TeMITePATYPHOIT 6eCTI0COBOI MAKI ATIOMIHIS 1 €€ BHEIPEHIIO IPU
CO3/IJaHNY OTBETCTBEHHBIX U3JIeNI1 KPMOT€HHO TeXHUKIA.

Kuura 6y;[eT TI071I€3HAa NMHXKEHEPHO-TEXHNIECKMM pa6OTHI/IKaM Hay4q-
HO-JCCTIeOBATENbCKUX U MPOEKTHBIX MHCTUTYTOB, KOHCTPYKTOPAM I
TEXHOJIOTaM, a TaK>Ke CTyJJleHTaM BY30B I TEXHUKYMOB.

ITo Bonpocam npuoOpeTeHus 0Opalairech:

105005, MockBa, 2-1 baymanckas yiu., f. 5, cTp. 1.
Tem.: +7 499 263-60-45, dpakc: +7 499 261-45-97;
press@bmstu.ru;

www.baumanpress.ru





