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XepcoHChKHI HalllOHAIBHUH TeXHIYHUI yHIBEPCHTET

CTEHAOBI METOJIH BUITPOBYBAHHSA IUH ABTOTPAHCIIOPTY

Y oaniti pobomi npedcmaesneno pospobneny asmopamu KineMamuuny cxemy, KOHCMPYKYilo 8y31i6 ma
NPOSPAMHO-MAMEMAMUYHO20 ANAPAMY YHIBEPCANbHO20 NPOSPAMHO-KEPOBAHO20 CIMEHOY 0151 GUNPOOYBAHHS UUH
aABMOMPAHCNOPMHUX 34C00I8 8 YMOBAX, HAUDINLW HADIUdCEHUX 00 eKchiyamayiinux. IIpogedeno sumipro8ants
i docniodcenHs GIOPAYIIHUX XAPAKMEPUCUK KOIIC 1 WUH, YOOCKOHANIEHO Memoou 8unpodyeanHs i HAOAHO
npono3uyii woodo sumoe excniyamayii asmomooinie. B oaniii po6omi nponoHyemvcs GUKOPUCAHHA MeXAHI3MY
3 NApanenvbHo CMPYKMypoio i3 HOmupma wmaHeamu HOCMIHOI O08XMCUHU, AKI NPUOOAMbCA 00 PyXy
Kapemkamu Ha HANPIMHUX, WO YMEOpIoIms NipamMiOaibHy KAPKACHY KOMHOHOBKY. 3anponoHo8amull cmemo,
AKUU  NPUSHAUeHutl O  OUHAMIYHUX GUNPOOYBAHL NHEBMAMUYHUX WUH 1 3a6e3neuye GUHAYEHHA 8
J1a6OPAMOPHUX YMOBAX MEPMIHY CAYIHCOU WUHU, 3ANEHCHICMb 1020 610 WEUOKOCMI PYXY OUHAMIYHO020 padiyca
WUHU MA WISXY NPOUOEH020 WUHOKW 00 PYUHYSaHHs. Bunpobysanvhuii cmeno 0ossonse 8iomeoprosamu yMogu
excnyamayii WuHy, 8 MoMy 4UcHi HAbNbUW eKCMpPeManbHi 3 MOUKU 30PY GEPMUKANLHOZ0 HABAHMAICEHHS,
Kyma 3anocy i weuokocmi. /[ no6yooeu OUHAMIYHUX MoOenell MeXaHIiYHUX cucmem i mil 6UKOPUCIOBY8ABCS
MemoO pigHanb Jlacpandca, a 01 KOMN IOMEPHO20 MOOENIOSAHHS NPOYeCy 2albMYBaHHs — Cepedosuiye
SIMULINK. Bxaszano, wo Kymogi KOMUBAHHS KOPNYCy aGMOMOOINA 3 He3aNedlCHOI0 Ni08IiCKOI HA0aiomb
NOMIMHUIL 8NAUG HA CMIUKICMb PYXY KEPOGAHUX KOIC, MAK AK NPU YbOMY GCHAHOGNIIOEMbC 080CMOPOHHILL
2IPOCKONTUHUILL 38"A30K MIdC KoJecamu KOC y 20pU3OHMANbHill (HABKOIO WKBOPHE) | 6ePMUKANbHOL NAOCKOCHI.
Onucano npogedeni mecmogi eunpoOysawus (cunosi i 8ibpayilini) Ha 0a2amMoKOOPOUHAMHOMY CMEHOI 3
NPOCMOPOBUM PO3MAULY8AHHAM NPUEOOI6 Ol GIOMBOPEHHA opicHmayii Koaeca 8 HAubibul HAOIUNCEHUX 00
00podicHIX ymosax. Busnaueno paodianvhy osicopcmxicms ma Koeghiyicnm noXuOKu wiuH npu paodialbHux
KOUBAHHAX ONIA KOJlecd, W0 06epmacmuvcs, 3a1exHCHO 8i0 WEUOKOCMI NPOKAUYEAHHSA, TUCKY NOGIMPs 6 WUHI,
PaoianbHO20 HABAHMAICEHHS. MA Yacmom 8lopayitl, Koepiyicumu 0emMnpysanHs WUH 1e2KO8UX a8MoMo0OiNie 6i0
MUCKy no6imps i 3MIHU JICOPCMKOCMI.

Krouosi cnosa: agmomobiny, WuUHa, 2HCOPCMKICMb, Odemn@pyeanHs, deghopmayis,
06aeamokoopOUHAMHUL CMEHO.
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XepcoHCKuil HALIMOHATIbHBIA TEXHUYECKUH YHUBEPCUTET
CTEHIOBBIE METO/bI UCIIBITAHHUS IITUH ABTOTPAHCITIOPTA

B Oannoii pabome npedcmasnena paspabomannan asmopami KUHEMAmMuyecKkas cxemd, KOHCMPYKYUIO
V3108 U NPOSPAMMHO-MAMEMATNUYECKUL annapam YHUBEPCANbHO20 HPOSPDAMMHO-YNPABIAEMO20 CmeHOd O
UCHBIMAHUSL WUH A8MOMPAHCTIOPMHBIX CPEOCMS 8 YCI08USX, HAUDONee NPUOIUNCEHHBIX K IKCHIYAMAYUOHHBIM.
IIpogedenvl uzmepenusi u UCCIe008aHUSL BUOPAYUOHHBIX XAPAKMEPUCTIUK KOAEC U WUH, YCOBEPULEHCIBOBAHDL
MemoObl UCNBIMAHUSL U OAHbL NPeOIOdANCEHUsL RO MPeDosanusmM IKChIyamayuu asmomodbunel. B oannoii pabome
npeonazaemcs UCHONb308AHUE MEXAHUIMA C NAPALIENbHOU CIMPYKMYPOUL ¢ YemblPbMsL WMAH2AMU NOCMOSHHOU
ONUMbBL, KOMOpble NPUBOOSINCA 8 OBUINCEHUE KAPEMKAMU HA HANPABTAIOWUX, 00pA3VIOWUX NUPAMUOATLHYIO
KAPKACHYI0O KOMNOHOGKY. IIpednodwcennvlii cmend, KOMOpbvll NpeOHa3nauen Oasi OUHAMUYECKUX UCHbIMAHULL
NHeBMAmMuYecKux wuH u obecneyusaem onpeodeieHue 8 AAOOPAMOPHLIX YCIOBUSX CPOKA CHYIHCObl UIUHDL,
3a8UCUMOCTb €20 0N CKOPOCHMU OBUMNCEHUs OUHAMUYECKO20 PAOUyca WuHbl U Nymu npOUOeHH020 WUHOU 00
paspyutenusi. HMcnvimamenvhviti cmeno NO380Jsien 80CHPOU3B00UMb YCA0GUS IKCIIYAMAYUYU UWIUHbI, 8 MOM
yucie Hauboree IKCMPeMaibHble C MOUKU 3PeHUs 8ePIMUKANbHOU HASPY3KU, yend 3aHoca u ckopocmu. J{ns
nocmpoenus OUHAMUYECKUX Mooeell MeXaHUudecKux Ccucmem U mei UCNOIb308AICA MemoO YPAaGHeHUl
Jlaepanoica, a 0 KomnvromepHo2o Moderuposanus npoyecca mopmodicenus - cpeoa SIMULINK. Vxazano, umo
yenogvle KonebOaHus KOpnyca asmomooOuns ¢ He3d8UCUMOl NOOBECKOl OKA3blearom 3amemHoe GIUAHUe Hd
YCMOUYUBOCNb  OBUINCEHUS YNPABIAEMbIX KOJeC, MAK KAK Hnpu 5MOM YCMAHABIUEAemCs O08YCMOPOHHAA
2UPOCKONUYECKAsl C653b MedcOy KoJecamu KOec 6 20pU30HMANbHOU (BOKpYe WKGOPHEU) U BePMUKANbHOL
nrockocmu.  Onucamvl  npogedeHHvle  Mecmogvle  UCHbIMAHUs — (Cunogvle U BUOPAYUOHHbIE)  HA
MHO2OKOOPOUHAMHOM CMeHOe ¢ NPOCMPAHCMBEHHBIM PACHONONCEHUEM HNOBOOKO8 OJisl B0CHPOU3BEOCHUs
opueHmayuu Koieca 6 Hauboiee NPUOIUNCEHHBIX K O0OPOACHBIX Yeaosuax. OnpeodeneHbl paouanrbHas HeecmKoCmb
u Koapuyuenm nocpewHocmu WuH npu paoUAIbHLIX KOIeOAHUAX O PAWAIOWE20Cs KOecd 8 3a8UCUMOCTU
Om  CKOpOCMU NPOKAYKYU, OdAGleHUs 6030yXd 6 wuHe, pAOUaIbHOU HA2pY3KU U uYacmom eubpayull,

39



BICHHK XHTY Ne2(69), 2019 p. IHKEHEPHI HAYKH

Koauyuenmol  demnuposanus wWUH 1e2KOGbIX A8MoMOOUNell om O0asileHus 8030yXa U U3MeHeHUs
HCECMKOCIIU.

Knouesvie  cnosa:  agmomobuns,  wiuHa,  dcecmrkocmv,  Oemnguposanue,  Oepopmayus,
MHO20KOOPOUHAMHBLI CINEHO.
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STAND TEST METHODS FOR TIRE MOTOR TRANSPORT

This paper presents the kinematic scheme developed by the authors, the design of the nodes and the
software-mathematical apparatus of a universal software-controlled test bench for tires of motor vehicles in
conditions that are closest to operational. Measurements and studies of the vibration characteristics of wheels
and tires were carried out, test methods were improved, and suggestions were given on the requirements for car
operation. This paper proposes the use of a mechanism with a parallel structure with four rods of constant
length, which are driven by carriages on guides that form a pyramidal frame layout. The proposed stand, which
is designed for dynamic testing of pneumatic tires and provides for determining in laboratory conditions the life
of the tire, its dependence on the speed of movement of the dynamic radius of the tire and the path traveled by
the tire to failure. The test bench allows you to reproduce the operating conditions of the tire, including the most
extreme in terms of vertical load, skid angle and speed. To build dynamic models of mechanical systems and
bodies, the Lagrange equations method was used, and the SIMULINK environment was used for computer
modeling of the braking process. It is indicated that the angular oscillations of the car body with independent
suspension have a noticeable effect on the stability of the movement of the steered wheels, since it establishes a
two-way gyroscopic connection between the wheels of the wheels in the horizontal (around pins) and vertical
plane. The tests carried out (force and vibration) on a multi-axis bench with a spatial arrangement of leads for
reproducing the orientation of the wheel in the closest to the road conditions are described. The radial stiffness
and tire error ratio for radial vibrations for a rotating wheel are determined depending on the speed of
pumping, air pressure in the tire, radial load and vibration frequencies, damping coefficients of passenger car
tires from air pressure and changes in stiffness.

Keywords: car, tire, stiffness, damping, deformation, multi-axis stand.

IHocranoBka npodiaemu

ABTOMOO1TbHA NIMHA - TyXe CKJIaJHa, 6araroyHKIiOHAIbHA KOHCTPYKIis. OCHOBHUM HpPU3HAYCHHIM
HMIMHK € TOM'SKIIEHHS TOINTOBXiB 1 ynapiB, NepelaHMX Ha MiABICKY MallMHH, 3a0e3nedyeHHs HaAidiHOTOo
3UETJICHHS KoJieca 3 OPOXKHIM MOKPHUTTSIM, KEPOBaHICTh, TIepejjada Ha JOpOrY TATOBUX 1 TalbMiBHHUX cHII. Bin
IIMHY B 3HAYHIN Mipi 3aJIeKUTh MPOXiJHICTh B PI3HUX JIOPOXKHIX YMOBaX, KOe(IllIEHT 3UETIICHHS, IyM 1 BUTpaTa
najuBa y aBTOMOOUIS min wac pyxy [1, 2]. Kpim mporo, mmHa moBuHHa 3a0e3ledyyBaTH JOBrOBIUHICTS,
HAJIHICTh 1 3amaHy BaHTaxomimiomHicTe [3]. Ile oaumH 3 HAWOULIEII BAaXJIMBHX EJIEMEHTIB Kojeca, M0
MIpeficTaBIsiE COOOI0 TPY)XKHY PE3MHO-METANO-TKAaHWHHY OOOJIOHKY, BCTAaHOBJIEHy Ha o00in aucka. Illuna
3a0e3neyye KOHTAKT TPAHCHOPTHOIO 3aco0y 3 JOPOXKHIM IOJOTHOM, NPH3HAUCHA VISl ITOTJIMHAHHS HE3HAYHHX
KOJIMBAaHb, BUKJIMKAHUX HEIOCKOHATICTIO JOPOXHBOTO ITOKPHUTTS, KOMIIEHCAIii MOXMOKH TpaeKTOpiil Kodiic,
peamizamii Ta COPUAHATTS Cwi. Pe3ymbraTh HE3aIeKHHUX BHIIPOOYBaHb MO3BOJLIOTH 3PO3YMITH, SKHX came
MOKA3HUKIB CJIi OUIKYBaTH BiJ| IITHH.

AHaJti3 oCTaHHIX J0CTiTKeHb i myOJikanii

B nanmit yac 3Ha4yHa yBara MpUAUISETHCS PO3POOLI EMIIPUYHUX METO/IB BU3HAUCHHS YMHHHKIB, SIKi

BIUTHBAIOTh Ha 3HOC MOKPHUTTS aBTOMOOINBHUX HH (puc. 1) [4].

Puc. 1. BunpoGyBaHHs1 Ha TpeKy BiaacTuBocteii mn 6penay Michelin
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CrenzoBi BUIPOOYBaHHS 3a0€3MEUyIOTh SAKICTH BHUPOOIB 1 iX TEXHIYHy HaAIHHICT BiANOBITHO IO
cTaHgapTiB, a came: ISO 10191:2010 Bu3Hawae MeToAM BHIIPOOYBaHB AJIS MEPEBIPKH MOXIMBOCTEH IIWH IS
JIETKOBUX aBTOMOOIIB.

B YkpaiHi #it0Th HaCTyIHI OCHOBHI HOPMAaTUBHI JJOKyMEHTH LIOA0 TEXHIYHMX YMOB:

1. JICTVY 4406:2005 llvau nHeBMaTHYHI 3arajibHi TEXHIYHI BUMOTH OC3ICKH.

2. JICTY 2219-93 Illunu nueBmarnyHi. Koncrpykuisi. TepMiHM Ta BU3HAYEHHS.

3. TOCT 22374-77 (1SO 3877-1-78, 1SO 3877-3-78, ISO 4223-1-78 1lluHu mHEBMATHYHI.
Konerpyxkuist. Tepminu Ta BU3SHaYEHHS.

4. ICTY  3780-98/ TOCT 30761-2002 IlluHm mnHeBMaTH4HI  BelIWKOrabapuTHI  Ta
HaJBEITMKOTA0APHTHI.

5. TOCT 4754-97 llluHn THEBMATHYHI A JICTKOBMX aBTOMOOLTIB, MPHYENiB O HHUX, JIETKHX
BaHTKHUX aBTOMOOLIIB 0cOOIMBO Maoi MiCTKOCTi. TeXHIYHI yMOBH.

6. TOCT 5513-97 llluan mHEBMATU4HI JUJIs BaHTAXXHUX aBTOMOOLIIB, MPUYEIIB 10 HUX, aBTOOYCIB i
TponenOyciB. TexHiuHI yMOBH.

B maHux nokymeHTax BU3HAYeHI METOJM BUIIPOOYBaHHS LIHH, IO ONMCAaHi B CTaHIapTax:

1. TOCT 26000-83 Illnau mHeBMaTHUHI. MeTO BU3HAYCHHS OCHOBHUX PO3MIpIB.

2. JICTY UN/ECE R 30-02:2005 €muni TexHIYHI NPHUIUCH MO0 OMIMIAHOTO 3aTBEPIKEHHS
MHEBMAaTHYHUX LIMH JJIsl JOPOXKHIX TpaHCHOPTHUX 3ac00iB i ixHix mpuuenis (UN/ECE R 30-02:1999, IDT).

3. ACTY UN/ECE R 54-00:2004 €nxuni TexHiYHI MPUNHCH WIOAO OGDILIHOTO 3aTBepAKECHHS
MHEBMAaTHYHUX I[IMH JUI JIOPOKHIX TPaHCIIOPTHUX 3ac00iB HEIHIMBIMyaJIbHOTO KOPHCTYBAaHHS Ta IXHIX
npuueniB (UN/ECE R 54-00:2004, IDT).

DopmyTIOBaHHS METH J0CTiZKEHHS

Mertoro poboTH € po3pobKa KiHEeMaTHYHOI CXEMH, KOHCTPYKIIi By3JiB Ta HPOrpaMHO-MaTeMaTHYHOTO
amapaTy YHiBEpCaJIbHOTO IIPOrpaMHO-KEPOBAHOTO CTEHIY Ui BunpoOyBanHs mnH AT3 B ymoBax, mo Hait0inbm
HaOMIDKeH1 0 excIuTyaTtariifaux. [IpoBecTr BUMipIOBaHHS 1 TOCIIHKEHHS BiOpaIiifHUX XapaKTepUCTHK KOJIC i
IIMH B HAHOUTBII MOMIMpPEeHNX KOMOiHAIIAX HaBaHTaXkeHb mpu pyci AT3, mopiBHATH iX Ta BU3HAYNTH BIUIMB Ha
0e3IeKy pyXy aBTOMOOLIIS.

BukyageHHs1 0CHOBHOI0 MaTepiany J0CJTiIKeHHS

CrenioBi BUIPOOYBAHHS - OJIMH 3 HEBIJ'€MHHUX €TalliB BUBUCHH IIUHK Ta 11 BIACTUBOCTEH. TiIbKU TYT
MOXKHa OTPUMATH TOYHI JaHi, HANpHKIaA, MMPO TEMIIEPAaTypy OKPEMO B3STOI AUISHKM IIMHW KOHKPETHOTO
THUIIOPO3MIpY NP TE€BHIH IBUIKOCTI, HABAHTAXKEHHS 1 TUCKY. TpaauiiiiHi CTEHIU PU3HAYEH] ISl TUHAMIYHIX
BUNPOOYBaHb MHEBMAaTHYHMX IIMH (prc.2) 1 3a0e3neuye BU3HAYCHHS B Ja0OPAaTOPHUX YMOBAaxX TEPMiHY CIy>KOH
MIMHY, 3aJIeKHICTh HOTO Bii MIBUIKOCTI PyXy AMHAMIYHOTO pajiyca MIMHM Ta IUIIXHW MPOWICHOTO IIMHOIO JI0
pyHHYBaHHS.

JopoxHi BUIPpOoOYBaHHS ITUX JaHWX HE AanyTh. Lle TpuBammii, BHCHAXIIMBHH | MOHOTOHHUH, aje ayXe
BAXKJIMBHI MpoOILIEC.

Crenp nns BUNpoOyBaHHA IMWH HAa 3HOC BIAHOCHTHCS MO 3aCO0iB BHIPOOYBaHh MHEBMATHYHUX IITNH
pi3HOT BaHTaXXOMIAWOMHOCTI Ha 3HOCOCTIHKICTh mporekTopa (puc. 2 a, 6) i Moxe OyTH BHKOPHCTaHO Ha
MIANPUEMCTBAX aBTOMOOUIBHOT Ta WIMHHOI MPOMHUCIOBOCTI. [IpH3HAa4YeHHS CTEHOY - CKOPOYEHHS TEpMiHiB
BUIIPOOYBaHb 32 paXyHOK (hOPCYBaHHSI BTOMHOI'O 3HOCY IpOTeKTopa MiuH (puc. 2 B, T). Ha cTenai a0cnimkyoTh
3HOCOCTIHKICTh NMPOTEKTOpa, HANpyry 1 AedopMallilo IHHU B 30HI KOHTAKTYy II 3 JOPOTOI0, CUIH, 1110 AilOTh Ha
HIMHY B MPOIIECi KOYEHHS, TOMY L0 30BHIIIHS MOBEPXHS CTPIYKOBOTO KOHBEEPA IMITYE J10pOTy.

ABTopamu [2] 1sst TOCHIPKEHHST XapaKTepPUCTHK IIMH JIETKOBUX aBTOMOOLIIB 3 00€pTalounuM KOJIECOM
OyB po3po0JICHNH 1 BUTOTOBJIEHHUH CHELiaIbHUN CTEH]I, CXeMa SIKOTO TIoKa3aHa Ha puc. 3. Ha npomy crenai, ams
BU3HAYCHHS XapaKTEPHCTHK IIMH, 3aCTOCOBAHUI METO/ BIIbHUX KOJIMBAHb CHCTEMH, TIPY)KHUM €JIEMEHTOM STKOT
€ mHeBMaTHK. OCHOBHI BY3/IM CTEHJA TaKi: CTPIYKOBO-TUIACTUYHHH TpPaHCHOpPTEp, MPU3HAUYCHHH JUIs imiTarii
OTIOPHOI TUIONIMHYU; MTHEBMATHYHA HABaHTAXYyBaJIbHUN NPUCTPIH AN CTBOPEHHS HEOOXITHOTO pamiadbHOTO
HaBaHTAXXCHHS Ha KOJIECO; MAsSTHHUK 31 CTPIKHEM ISl YCTAHOBKM BaHTAXIB; MPHBIT; MPUCTPIH, 32 JOMTOMOTOIO
SKOT'0 KOJIUBAJIbHA CHCTEMa BHBOJMTHCS 3 PIBHOBArH.
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r)

Puc. 2. Tpanuniiini crenau BunpodyBannsi muH (komnanisi Michelin):
a), 0) — cTeH/M I/l BUIIPOOYBAHHS HA 3HOLIYBAHHS NPOTEKTOPA 3 OTHUM CTYIleHeM BLIbHOCTI;
B) — CTeH/I BUITPOOYBAHHSI KOPCTKOCTI (IUISIMH KOHTAKTY);
T) - TPHKOOPAMHATHUM CTeH/ /I KOMILUIEKCHOT0 BUIIPOOYBaHHS NapaMeTpiB INHA
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Puc. 3. Cxema i KOHCTPYKILifA cTeHIy A8 BU3HAYeHHs BiOpauiliHMX XapaKTepUCTUK WHH [2]

OCHOBHOIO YaCTHHOIO KOJHMBAJIbHOI CHCTEMH CTEHIY € MasTHHK 3 KOJIeCOM B 300pi. 3MiHAa MOMEHTY
iHepIii MasTHAKA JUIA OTPUMAHHS PIi3HUX YacTOT KOJHWBaHB 3IiHCHIOETHCS 3MIHOIO KUTBKOCTI BaHTaXiB, IIO
BCTAHOBJIIOIOTHCSI Ha CTPYXKEHb MasiTHuKa. Ha omucanomy crenai (puc. 3) Oynau BHM3HAueHi pajiaibHa
JKOPCTKICTh Ta KOeillieHT MOXUOKHU IIMH MPU paJialibHAX KOJMBAaHHSIX JUIs KoJieca, IO 00epTaeThCsl, 3aIeKHO
BiJl NIBUAKOCTI IPOKAa4YyBaHHs, TUCKY MOBITPS B IIHMHI, paiaJIbHOr0 HaBaHTAXXEHHsI Ta YaCTOT BiOpallii.

[IpononyroTbest pi3HI MaTeMaTH4YHI MOJENI ,IKi JOCHIKYIOTh BEPTHKaJIbHI KOJMBAHHS aBTOMOOLJS.
Tak, y poGoti [5] mochijKyeTbcsl BIUIMB Koedili€HTa ONOpY aMOpTH3aTOpiB Ha pPiBeHb IPHCKOPEHHS Ta
IIBUJKOCTI IiApecopeHoi MacH, a y po0Ooti [6] moOynoBaHa mareMaTHYHAa MOJEIH KOJMBAaHb, KA BPAXOBYE
eJIeKTpOoMeXaHiuHe aAemidipyBaHHS B MiABICIi aBTOMOOLIS. Y cTarTi [7] po3risiHyTO MOZEl KOJMBAaHb Ky30Ba
aBTOMOOIIS MiJ Ji€f0 MOMEHTIB, II0 BHHMKAIOTH MiJ 4yac TanbMyBaHHA. OIMCaHO 3arpoIOHOBaHY MOJEIb
KOJIMBaHb Yy JIBOX IUIOIIMHAX Ta CIPOIICHY MOJIEINb KOJMBAHb B OJHIH IUTOMIMHI.

Haii6inpm Habmmkery mo (Gi3MYHUX SIBHI TSI aBTOMOOITHHAX IIMH B HAYKOBIH JiTepaTypi HABOASTH

SIK KiJTbIIE Ha TIPYXKHiM ocHOBI (puc. 4).
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a) 0)
Puc. 4. CraTuuHa MojeJib IIKMHM (2) i cipoleHa po3paxyHKoBa cxema aedopmanii
eJleMeHTIiB PUCYHKY npoTeKkTopa (0)

ABTopamu [8] oTpuMaHi aHAJNITHYHI BHpa3d IO3BOJSIOTH OI[IHIOBATH BIUIMB aMILTITyTHO-9aCTOTHUX
XapaKTEePUCTHK KPYTHIBHOTO MOMEHTY Ha KOJIeci 1 IpY>KHHX XapaKTepPUCTHK IIHH Ha CTIHKICTh MOCTYNAIFHOTO
pyxy aBTOMOOUIA. Y Mipy HaOMMKEeHHS OKPYXKHOI 4acTOTH KOJHMBaHb KPYTHJIBHOTO MOMEHTY Ha KoJsieci 10
OKpPY>KHOI YacTOTH BJIACHMUX KOJHMBAHb IIMHHU BiAOyBaeThCS pi3Ke 30iNBIICHHS BiIHOCHOTO OyKCyBaHHS M
BEJINYMHM TIO3/I0BKHBOTO KOE(IIi€EHTa 3YCIUICHHS, SKUH BHKOPHUCTOBYETHCS, IO MOYKE MPU3BECTH 0 BTPATH
CTIMKOCTI IIOCTYIAJIBHOTO PYyXY.

B naHiit po0OOTI MPONOHYETHCS BUKOPUCTAHHS MeXaHI3My 3 MapajielbHOI CTPYKTYpPOIO i3 YOTHpMa
MITAaHTAMU TIOCTIHHOT MTOBXXHMHH, SIKIi NPUBOJATHCS 10 PyXy KapeTKaMH Ha HalpsIMHUX, IO YTBOPIOIOThH
mipamilalibHy KapKacHy KOMIIOHOBKY (puc. 5) [9]. 3ampomnoHoBaHuWil CTEHI NMpHU3HAYEHHWH ISl JMHAMIYHHX
BUNPOOYBaHb MTHEBMATUYHUX HIMH 1 3a0e3neuye BU3HAUCHHS B JIAOOPATOPHUX YMOBax TEPMiHY CITy>KOW LIMHHU,
3aJIeKHICTh HOTO BiJl IIBHIKOCTI pyXy IOMHAMIYHOTO pajiyca HIMHM Ta NULIXYy HPOWHAEHOro LIMHOIO JI0
pyliHyBaHHs. BurmpoOyBanpHUI CTEHA 103BOJSIE BIATBOPIOBAaTH YMOBH €KCIUTyaTalii IIMHH, B TOMY YHCIi
HaOUIBII eKCTpeMalbHI 3 TOUYKH 30pY BEPTUKAIFHOTO HAaBAaHTaKEHHS, KyTa 3aHOCY 1 IMIBUAKOCTI.

a) 0)
Puc. 5. CxemMa 4OTHPUKOOPAUHATHHU CTeH A BUNPOOYBAHHS IIUH:
a) - KiHeMaTHYHA cxeMa; 0) - BUTOTOBJICHUI J0CTiTHUIT 3pa3ok

Ha cranuni 1 BctanoBneHo B oropax 2 OiroBuii 6apaban 3 3 nmpuBogoM oOepTaHHA 4, SIKMH KPITUTHCS
Ha JIBOKOOPJMHATHOMY MPUBOJI 5 3 HAMPSAMHOIO 6 i pyXOMOKO Mepeayeto TBUHT-TaiKka 7 0 eNeKTPOIBHIYHA 8.
Koneco i3 mmHOI0 9 BCTaHOBIEHO Ha 00EpTalNbHY Bichk By3na KpimieHHa 10 muHE 9 1 3’€IHAHO 3 PUBOJOM
obepTaHHs Kojeca, SIKHA CKIANaeTbes 3 000X KiHINB MapHipHO-3’eqHaHoro Baxy 11 i exekrponsuryna 12. Ha
cTaHuHI | 3MOHTOBaHO y BUIJIAAI pedep mipaMiau YOTHPH He3aleKHi IPUBOIM JIIHIHHOTO pyXy 3 KapeTkamu 13,
14, 15, 16 3 nepenauero reunT-raiika 17, 18, 19, 20 Big okpeMux ejaekTpoaBuryHis 21, 22, 23, 24, sxi mwapHipHo-
3B’s13aHi 3a JOIIOMOT'OI0 INTAHT HOCTIHHOT T0BKUHHU 25, 26, 27, 28 3 By3noM kpirtuteHHs: 10 muHu 9 1 yTBOPIOIOTH
€IMHUH BUKOHAaBYMH OpraH MeXaHI3My pajiajbHOT0 HAaBaHTa)KEHHS Ha INWHY 1 KYTIB OpieHTalii Kojeca, IO
BUIIPOOOBYETHCSI.
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Ha cranmni 1 BcraHOBNIEHO B omopax 2 GiroBuii 6apaban 3 3 mpuBogoM oOepTaHHS 4, KU KPIMUTHCS
Ha JIBOKOOPIMHATHOMY HPHUBOJI 5 3 HANPSIMHOIO 6 1 pyXOMOIO Iepeadeio 'BUHT-Talka 7 10 eNeKTpOABUTYHA 8.
Koeco 13 mmHOI0 9 BCcTaHOBIEHO HAa 00epTalNbHY Bichk By3ia KpimieHHA 10 muHE 9 1 3’€qHAHO 3 PUBOIOM
obepTaHHS Kojeca, SIKHH CKIaTaeTbes 3 000X KiHIB MapHipHO-3’e€aHaHoro Baxy 11 i enekrponsuryna 12. Ha
CTaHWHI | 3MOHTOBAHO y BUIJIsII pedep MmipaMiiy 4YOTHPU He3aJIexkKHi IPUBOIM JIIHIKHOTO pyXy 3 KapeTkamu 13,
14, 15, 16 3 nepenaueto reunT-raiika 17, 18, 19, 20 Bix okpeMux enekTpoaBuryHis 21, 22, 23, 24, ski mapHipHO-
3B’s13aHi 3a JOIIOMOT'OI0 INTAHT TOCTIHHOT TOBKUHU 25, 26, 27, 28 3 By3n0M KpitieHHs1 10 mmHu 9 1 yTBOPIOIOTH
€IMHUN BUKOHAaBYMH OpraH MeXaHI3My pajiajbHOTO HAaBaHTA)XEHHS Ha INMHY 1 KYTIB Opi€HTamlii Kojeca, IO
BUIIPOOOBYETHCSI.

B mporneci BunpoOyBaHp MMH MOXYTh OyTH pealli3oBaHi Taki KOMOiHali HaBaHTa)XEHb Ha MaTepian
LINH:

- OKpeMe LIMKJIiYHe pajialbHe HABAHTA)KECHHS Ha LINHY;

- OKpema 3MiHa KyTa opieHTamii muHU 9 6e3 3MiHU paiaJbHOTO HaBaHTAKEHHS,

- OKpeMe NHWKJIIYHE 3BOPOTHO-TIOCTYHalbHE 3MilleHHS OiroBoro OapabaHy 3 B TOpHM3OHTANBHIN
IUTOIIKHI, 63 3MiH palialbHOTO HaBaHTAXEHHS 1 KyTa opieHTamii muHu 9;

- CHUIbHA 3MiHA B PI3HMX Jiana3zoHax palialibHOr0 HAaBaHTKEHHS 1 KyTa OpieHTalli muHu 9;

- CIOUThHA 3MiHA pajaiajbHOT0 HABAHTAKEHHS 1 LUKIIYHE 3MIilleHHsA OiroBoro Oapabany 3 B
TOPHU30HTAJIBHIH [UIOIINHI;

- CHUTbHa 3MiHa KyTa oOpieHTamii mumHM 9 1 3MimeHHs OiroBoro 06apabaHy 3 y TOpPH3OHTAIBHIN
IIJIOIIMHI;

- 3a0e3neveHHs pI3HUX MIBUAKOCTEH oOepraHHs OiroBoro ©Oapabany 3 1 mmHM 9 aus iMitamii
raJbMyBaHHS;

- yci BapiaHTH pa3oM.

Jis moOymoBM AWHAMIYHUX MOJENed MEXaHIYHHX CHCTEM 1 T BHKOPHCTOBYETHCS METO] PiBHSHB
Jlarpamka [5], a U1t KOMIT'IOTEPHOTO MOJIEIOBAHHS Mporecy rajapMyBanus — cepenopuine SIMULINK. Kyrosi
KOJINBaHHS KOPITYCYy aBTOMOOUISI 3 HE3aJeKHOIO MiIBICKOI0 HAIAl0Th MOMITHHHA BIUIMB Ha CTIMKICTE PyXy
KEepPOBaHUX KOJIIC, TaK AK MPH IbOMY BCTAHOBIIOETHCS NBOCTOPOHHIN TiPOCKOMIYHHIA 3B'S30K MiXK KOJECAMHU
KOJIIC Y TOPH30HTAIBHIM (HABKOJIO IIKBOPHEH) 1 BEPTHUKAIBHOI IUIOCKOCTI. B 3B'13Ky 3 I[MM PO3MIIAIAETHCS BILUIUB
Ha CTIHKICTh CUCTEM OCHOBHUX ITapaMeTpiB He3aJIeKHOT MiJIBICKH .

BUHUKHEHHS KOJIMBaHb € OMHOYACHO HACTIIKOM Ta MPHUYMHOIO MEPEXiTHUX MPOIECiB y MiABICII Ta
rajJbMOBOMY KEpyBaHHI aBTOMOOLUIS; NMPH LIbOMY BJIACTHBICTh TaCHTH TaKi HEpeXifHI MpPOLECH € OJHUM i3
MPOSIBIB CTA0LTLHOCTI TaIbBMOBOI'O KEPYBaHHS.

st omicy BHIIE3a3HAYECHHX IPOLIECIB MOOYI0BAHO PO3PAXyHKOBY cxemy (pHc. 6).

MaremaTiudHa MOJIENb BPaxoBY€e PIBHOBAry sSIK CyMy MOMEHTIB BiHOCHO JiBoi omopu (1) mis manoi
PO3paxyHKOBOI CXEMHU:

Ra-F(a+b)-mgL+F, L=0, (1)

3BiJIKH, BPaXOBYIOUH, 10 RK = —(CKUK + ,LIKUK), Fo = COU0 + Foo’ Fm = imUm , OTPUMY€EMO
—(c U, +nU)a—(cU,+Fy)(@a+b)—mgL=+muU_L,

Takox BpaxoByEMO r€OMETPUYHI 3B’ I3KHU:
P Y p

U —U a_+b
0 K a 1
Um :UKLb.
a—+
OCTaToOYHO MAEMO:
2 2
_(CKUK+ILIKUK)a_COUKM_ OO(a'_'_b)_mgL:imUkL

a+b’

V HapesieHux piBHsAHHAX no3Haveno: U U 0 U, — 3mimenns Koneca (110 0ci), NIPYKUHH Ta BAHTAKY

K1

BiaNOBiNHO, M — Maca BaHTaxy, C, ,Cy— KOPCTKICTb IUMHM Ta NPYXUHU BianosinHo, Fy,— nonepeaniii narsr

IPYXKUHY, [, — AeMIbyBaHHS IINHH.

Po3paxyHOK i po3B’si3anus piHsHHA (1) pyXy Kojeca Ha CTeHIi poBoaAuBCs B cepemoumti Maple. Ipu
MOTIEPEeTHROMY 3aBIAHHI JKOPCTKOCTI (32 pe3yibTaTaMH CTaliOHAPHUX MAOCHIIKEHb) Ta JAeMI(pyBaHHSI
(HampuKITam, 3a TOBiAKOBUMH JAHUMH), OTPIMYEMO KITACHYHE PIIICHHS 3aTyXalo4unX KOJUBaHb (puc. 7)

44



BICHHK XHTY Ne2(69), 2019 p. IHKEHEPHI HAYKH

Maca
- MasiTHUKY
P
™
R a1 h RK A FZH
F,
m
v \ 4 g
a b c
> < > < >

Puc. 6. CusioBa cxema KOHCTPYKIii cTeHay mo puc. 3
(R, — peakuis JgiBoi onopu, R, — peakuisi koJieca, F, — cujia HATATY NPY:KUH,
Fi, — cnia inepuii BanTax)XYy)

3
02 04 06 08

Harpyska macoro m
R=255 mm
P=1 atm
A=35 MM
C=272.857 H/mm
u=400

0.2 04 06 038

-0.001
-0.002
-0.003
-0.004

Harpyska macoro m
0,005 TPy

R=265 mm
P=2 arm
A=30 Mmm
C=382 H/mm
u=800

02 04 06 08

o1
-0.001
-0.002
-0.003
-0.004
-0.005
-0.008

-0.007 Harpyska macoro m
R=270 mm
P=2.5 atm
A=20 MM
C=477.5 HMm
pu=1500

Puc. 7. Teoperuuni Bioporpamu 3a 3aganum koedinieHTom nemMndyBanas y
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OTprMaHa 3aJIeXKHICTh JO3BOJISE MMPOTHO3YBATH (BUPAaXOBYBATH) YAaCTOTY BIACHUX KOJHMBaHB, Kolieca
NpY 3MiHI HABAHTa)KEHHS Ha LIMHY, 11 )KOPCTKICTh 1 KoediuieHTn nemmdyBaHHs. Po3paxyHKOBHH €KCIIEPUMEHT
JUIs IesIKUX 3Ha4YeHb HaBeIeHo Ha puc. 9.

B BiOpawiiiHnx [OOCHI/PKEHHSX BaXIIMBO BHUSBUTH 3HAueHHs KoediuieHTiB aemndysanHs [5]
KOHKPETHOI KOHCTPYKLIi IIMHMA 1 HOPMATUBHHUX 3HA4YEHHsX 11 MmapamerpiB IS MiJCTAaHOBKU B piBHAHHS (1).
BuKOHYETBCS 11e TIIBKU €KCIIEPUMEHTAIBHO (pHc. 8) 3a popmyioro (2).

T

A

/Aﬂe
0 \ 7\‘- N Al"
>~ £

Ao

N

i
dl
-

alb7T
Ap

Puc. 8. PiBHSIHHS 3rHHAI040] BiTbHUX KOJHBAaHb i po3paxyHoKk KoedinieHTy nemndyBanns [5]

A - A

_ Ay
p=m— )

Buxonano CKCIICPUMECHTAJIbHE BI/IHpO6yBaHH${ KOJIMBAHb NPU YyAApPHUX HABAHTAXCHHAX IJId CTCHAY

HaBeJCHOMY Ha puc. 5, 6 1 Bu3Ha4YeHO KoediuieHT aemndyBaHHS (BUMIpIOBaJbHA IUIaTa — JBOXOCHOBHM
akcenepomerp MPUG050).

3
3

2126
2151
222
225
p27
230
232
235
2376
451
350
352
3551
357
3601
3626

a) 0) B)
Puc. 9. Bioporpamu 3HATi Npu OTUHHYHOMY yIapi B pi3HMX MicIsIX CTeHIy
3 HABAHTA’KEHOIO IHHOI0
a0 6irooro 6apadany: a) - yaap no uandgi npuBogHOro Bajy Kojeca;
0) - ynap no noBepxHi IIMHM; B) - yAap M0 NMoBepxHi 6iroporo 6apadany

B excriepumenTi (Juist cteHay Ha puc. 5) koedimieHT aemndyBaHHS Oyae po3paxoBYBAaTHCh 3 OLIBII

CKJIAJIHUX CHiBBiTHONIEHD (Y 3B 3Ky 3 MOK/IMBICTIO IONIEPEHBOTO HATATY NpykuHu oo ):
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ot _a(Fy(a-+b)+mgl)

A c,a’ +c,(a+b)?

A sRen a(Fy(ath)+mol)
c.a’+c,(a+b)’

3B1OKH

5 In( AaZ(c, +c,)+2Ac,ab+Ac,b? +a(a+b)F,, +alLmg JmLz

e Aja’(c, +c¢,)+2A,c,ab+ Ac,b” +a(a+b)F,, +aLmg -
Ta(a+b) '

ne T — mepion kKonuBaHb, Ag U A; — aMIDIiTyau B o3utii t i t+T BixmoBigHO.
BucHoBku

1. Ha ocHOBi aHamizy  mpoOiieMH BU3HAUCHHS 1 3a0e3MeueHHS MEXaHIYHUX BIACTUBOCTEH
aBTOMOOITHHMX IWH B CYYaCHMX YMOBAax iX BHUTOTOBJICHHS, BHIIPOOYBaHHSA 1 eKCIUTyaTallii 3alpoIrlOHOBAHO
YIOCKOHAJIEHI METOIM BUMPOOYBAHHS 1 HAZJaHO TIPOMO3HIIii II00 BUMOT €KCIUTyaTaIlil aBTOMOO1TiB.

2. Po3po0ieHo MaTeMaTHIHy MOAENb I OMKCY 3aTyXaluuX KOJMBAHb i BU3HAYCHHS YacTOT IIMH SK
NPY>KHOTO TiJIa 3 PI3HUMU HOPMAaTUBHUMH 3HAYSHHSIMH, 1110 PETJIaMEHTYIOTHCS CTaHAaPTaAMH.

3. 3ampornoHOBaHO, 3MOHTOBAHO 1 IPOBENEHO TECTOBI BHMIPOOyBaHHA (CHJIOBI 1 BiOpariitHi) Ha
0araToKOOpIMHATHOMY CTEHJIi 3 MPOCTOPOBHM PO3TAIlyBaHHSIM IPHBO/IB ISl BIATBOPEHHSI OpieHTAIlil Koyeca B
HaWOTBII HAOIDKEHUX JI0 JOPOKHIX YMOBaX.

4. BuznaueHo koedimieHTH aeMIdyBaHHS IIUH JIETKOBHX aBTOMOOUTIB BiJl THCKY MOBITPS 1 3MiHH
JKOPCTKOCTI, III0 MOKYTh OyTH BUKOPHCTAaHI B TOJANBIIOMY MOJICTIOBaHHI pyXy aBTOMOOIII.
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