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CHUCTEMOIO

2. The theoretical foundations of braking multi-axle vehicles with an electro-pneumatic braking system

Pedepar:

1. Ha ocHOBi IpoBe€HOro aHaiidy Ta BAKOHAHUX IOCIiIKEHD yIepIIe 3allpOIIOHOBAHUN METOL, BU3HAYEHHS
KOOPAMHAT I0JIOKEHHS LIEHTPY TSDKiHHS 6araToBiCHOTO KOJIICHOTO TPAHCIIOPTHOTO 3aCO0Y BHOCUTD NOJAJIbIININ
PO3BUTOK Y TEOPIl0 €KCIUTyaTaliiiHUX BIACTUBOCTEN KOJIICHOI'O TPAHCIIOPTHOTO 3aco0y. Ha 0CHOBI TeopeTnyHUX Ta
€KCIIEPMMEHTAJIbHUX JIOCTIiI)KeHb OyJI0 BCTAHOBJIEHO, 110 I03/10BKHI KOOPAMHATH I10JI0KEHHS LIEHTPY TSDKIHHS
6araToBiCHOTO KOJIICHOTO TPaHCIIOPTHOTO 3ac00y 3ajieXKaTh He TiJIbKYU Bifl HABAHTaKEHb Ha MOTO Bici, a 1 Bif,
po3TallyBaHHS Biceil 6araToBiCHOro aBTOMOG1JIs BiIHOCHO OMH OJHOrO. Briepiie 3anponoHOBaHO yHi(piKoBaHi

MEeTOJu BU3HAYEHHS KoeillieHTy raJibMyBaHHSs 6araToBICHOTO KOJIICHOTO TPaHCIIOPTHOTIO 3aC00Y y BiATIOBiTHOCTI



JIO TPYIIU MOr'0 HAJIEXXHOCTI, SIKi BiIPI3HSETHCS Bill BIIOMUX TUM, 1[0 BPAXOBYIOTh BIIUB II0JIOKEHHS Bicen
6araToBiCHOI'O KOJIICHOTO TPaHCIIOPTHOTO 3aCO0Y BiTHOCHO KOOPIIMHAT LIeHTPa HOro TSIKiHHS IIi Yac BU3HAYEHHS
KoediljieHTa ranbmMyBaHHs. [IOpiBHSIHHS TEOPETUYHUX Ta €KCIIEPUMEHTAIbHUX JAOCIIIPKEHHS AUHAMIKA
raJibMyBaHHS 6araTOBiCHOTO KOJIiCHOIO TPAaHCIIOPTHOTO 3aCO0Y IOKA3aJIu SIKiCHY 301KHICTb Pe3yJIbTaTiB PO3PAXYHKY
3 BUKOHAaHMMH eKCIIEPUMEHTAJIbHUX JIOCTIIKEeHb (TOXMOKa iMiTalliiHOTO MOJIe/II0BaHHS He repeBuilyBaia 5 %). Ha
OCHOBI aHaJli3y iCHYIOYMX TEOPETUYHUX MiIXO0iB Ta LOCBiNY IPOEKTYBaHHS NTHEBMAaTUYHUX araparis 3
€JIEKTPOHHUM KEPYBaHHSM, BIlepllle y3arajbHeHi QyHKIiOHa/bHI 3B'93KH, 10 J03BOJISIIOTh BUBHAYMTH IIOKA3HUKU
IMHAMIKU raJbMyBaHHS 6araToBiCHOTO TPAHCIIOPTHOTO 3aCO0y 3 €JIeKTPOITHEBMATUYHUM IaJlbMOBUM IPUBOJOM, 110
IIpalioe B LIUKJIIYHOMY PEXXUMi, 3alIPOTIOHOBaHI peKoMeHaallii 111010 BUOOPY pallioHaJIbHUX [TapaMeTpiB
HaBaHTa)KE€HHSI Bicell 6araToBiCHOTO TPAHCIIOPTHOTO 3aCO0y Ta 3alIPOIIOHOBAHO METOJ, BUSHAYEHHS BUXITHUX
napaMeTpiB pyxXy aBTOMOO1JIA Mif] Yac pO3CifyBaHHs JOPOXXKHbO-TPAHCIIOPTHUX MO, Y3araabHeHi QyHKIii
BUTPATHU IOBITPS [1719 BUBHAUYEHHS [I€PEXiJHUX IIPOLECIB B JIAaHKAX TaJlbMOBOTO NIPUBOJA, JaJId 3MOTY CTBOPUTHU
yHiBepcajbHe IIporpamHe 3abe3ledeHHs 1J1s1 PO3paxyHKy AMHAMIYHUX BJIaCTUBOCTEN €J1eKTPOIIHEBMAaTUYHUX
anapatiB npuBoga. [IpoBeneHi JocmimKeHHs oKa3aiu, o i3 3MeHIIeHHSIM IOBXKHMHU raJlbMOBOT'O MTpUBOIA abo i3
3MEHIIEHHSM 00’€MiB JIAHOK ITPUBOiA AMHAMIYHI IIPOLIECH B HUX CTAIOTh IHTEHCHBHIIIMMU TOMY OOpaHHS METOjia
BM3HAYEHHS BUTPATHU NOBITPS B JIaHKaX [IPUBOJIA MAa€ BAXKJIMBE 3HAYEHHS 1J151 MOEJIIOBAaHHS
€JIEKTPOITHEBMATUYHUX alapatiB TUCKY, OCKIJIBKY [T0XMUOKa B pO3paxyHKax Moxe csratu 1o 50 - 80 %. Orpumani
HOBi (DYHKLIiOHAJIbHi 3B'SI3KM CTPYKTYPHUX €JIEMEHTIB €JIEKTPOITHEBMATUYHOIO MOAYJISITOPA TUCKY 3 HE [IPSIMUM
nepeTiKaHHSIM IOBITPS, 03BOIUIN CHOPMYBATU KOHLEIII0 MOJI€/IIOBAaHHS TAKUX arapariB Ta CIPOCTUTHU
imiTanjifine MozieI0BaHHS POGOYNX ITPOLIECH eJIEKTPOITHEBMATUYHOI raJlbMOBOi CHCTEMU LIJISIXOM BPaxyBaHHS
0CO6IMBOCTEN ricTepe3ncy NHEeBMAaTUYHUX allapartib IIifl 4ac MOJEJII0BaHHS NIPOLeCy rajJlbMyBaHHS 6araToBiCHOTO
KOJIICHOTO TPAHCIIOPTHOTO 32Cc00y BUKOPHCTOBYIOYM IPOCTUIT MaTeMaTU4HUM arapat. Ha ocHoOBi MeTonmy
«BKJIIOUEHb-BUKJII0YEHb», IKUM BUKOPUCTAHO NPU peasisaliii KoHUenii opraHizaliii 3anacHoi rabMOBOI CUCTEMU 3
€JIEKTPOITHEBMAaTUYHUM raJlbMOBUM IIPUBOJIOM, BCTAHOBJIEHO, 1O KiJIbKiCTh KOMOiHAIill IO€IHAHHS KOHTYPiB
raJlbMOBOTO IIPMBOJA 3 FAJIbMOBUMU MexaHi3MaMU BifITIOBiTHUX MOCTiB 6araToBiCHOTO KOJIiICHOT'O TPAaHCIIOPTHOTO
3ac00y MPOrPEeCUBHO 3POCTAE i3 30iIbIIEHHSIM KiJIBKOCTI KOHTYPiB 260 KiJIbKOCTi TOUOK MifK/II0YEHHS KOHTYPIB 10
raJbMOBHMX ME€xXaHi3MiB. 3allpONIOHOBaHi KpUTEPii BU3HAUYEHHS PalLliOHAJIbHUX CXeM peaidallii raJbMOBOT0 IPUBOAA
Ha 6araToBiCHOMY KOJIiICHOMY TPaHCIIOPTHOMY 3aC00i J03BOJISIIOTH BifjibpaTu HallKpallli BapiaHTy peasizalii cxem
MiAKII0YEHHS KOHTYPiB raJIbMOBOTO NMPUBO/IA /10 TaJIbMOBUX MEXaHi{3MiB BiITIOBiZHUX MOCTIB 6araToBiCHOTO
aBTOMOOiss. TeopeTuyHi N0JI0XKeHHS BUKJIAZieHi B pOOOTI, JO3BOIUIN Y OCKOHAJIUTH MOJIEJIb FajIbMyBaHHS
6araToBiCHOI'O KOJIICHOTO TPAQHCIIOPTHOTO 3acO0Y B aJallTUBHOMY PEKUMI IIPU €KCTPEHUX rajlbMyBaHHSIX, sIKa
BiZJpi3HsS€TLCA Bifl BiTOMUX TUM, 110 BPAXOBY€ HETMIOCTIMHICTb PEali30BaHOIO 3UEIUJIEHHS MK MIMHAMU MOr0 KOJIiC Ta
MTIOBEPXHEIO IOPO>KHBOTO MIOKPUTTS, @ CUCTEMA KEPYBaHHS €JIEKTPOITHEBMAaTUUHUM IIPUBOJIOM KOPUTYE THUCK B
IIPUBOJi 32 KDUTEPiEM CIiBBiIHOIIEHHS Peali30BaHOI CUJIU 3YENJIEHHS 10 TPAHUYHOTO 3HAYEHHS CUJIY 3YEIIJIEHHS.
Ha ocHOBI iMiTallilflHOro MOJIeJ/II0BaHHS IPOLIECY raJbMYyBaHHS 6araToBiCHOIO KOJIICHOTO TPAHCIIOPTHOTO 3ac00y B
aJlaliTUBHOMY PE>XXMi BCTAHOBJIEHO Ta MIJISXOM €KCIIePUMEHTAIbHUX OCiIKEHb MigTBEPKEHO, 10 B 3aJI€>KHOCTI
Bif] MOTEHUIMHNX MOXXJIMBOCTEN peastizailii 34uernsieHHs] MK MIHAMU aBTOMOOGIJIBHUX KOJIiC Ta TOBEPXHEI0
IOPOKHBOTO ITOKPUTTS, TUCK B €JIEKTPOIIHEBMATUYHOMY IIPUBOJLi, IPU alalITUBHOMY Or'0 PeryJll0BaHHi, MoXe O0yTu
NiABUILEHUN HA BeJIMYUHY He 6inbiny Hix 0,04 MIla y pasi Buxogy 3 j1aly OIHOTO 3 KOHTYPiB IPUBOJA Mif Yac
raJibMyBaHH$ aBTOMOG11s1. Po3po6ieHi Ta BIpoBayKeHi MEeTOOUYHI peKOMeHallii 3 BUSBHAY€HHSI OCbOBUX
HaBaHTa)K€Hb TPAHCIIOPTHUX 3aCO0IB Ha MIOBEPXHIO JOPOKHBOTO IMOKPUTTS JO3BOJISIIOTh 3 TOYHICTIO 10 10 %
BpaxyBaTH OCOOJIMBOCTI [1€PEPO3NO/iNy HaBaHTaXEHHS MK BiCSIMU 6araToBiCHUX TPAHCIIOPTHUX 3aCO0iB IIif 4ac

IIPOETYBAaHHS aBTOMOOIIbHUX AOPIr YKpaiHu.

2. Based on the analysis and research, the first proposed method of determining the coordinates of the center of
gravity of a multi-axle wheeled vehicle makes further development in the theory of operational properties of a
wheeled vehicle. Based on theoretical and experimental studies, it was found that the longitudinal coordinates of
the center of gravity of a multi-axle wheeled vehicle depend not only on the loads on its axis, but also on the
location of the axes of the multi-axle vehicle relative to each other. For the first time, unified methods for



determining the braking coefficient of a multi-axle wheeled vehicle according to its belonging group are proposed,
which differ from those known in that they take into account the influence of the axle position of a multi-axle
wheeled vehicle relative to its center of gravity. Comparison of theoretical and experimental studies of the braking
dynamics of a multi-axle wheeled vehicle showed a qualitative convergence of the calculation results with the
performed experimental studies (simulation error did not exceed 5 %). The development of vehicle brake systems
is due to the use of electronic control systems for pneumatic brake devices, so the paper develops theoretical
prerequisites for assessing the braking dynamics of multi-axle vehicles with electro-pneumatic brake drive. Based
on the analysis of existing theoretical approaches and experience in the design of pneumatic devices with
electronic control, for the first time generalized functional relationships to determine the dynamics of braking
dynamics of multi-axle vehicle with electro-pneumatic brake drive operating in cyclic mode, offers
recommendations for selection rational parameters of the axle load of a multi-axle vehicle and a method for
determining the initial parameters of the vehicle during the investigation of traffic accidents. The generalized
functions of air flow to determine the transients in the brake actuator, allowed to create a universal software for
calculating the dynamic properties of electro-pneumatic actuators. Studies have shown that with a decrease in the
length of the brake drive or with a decrease in the volume of the drive links, the dynamic processes in them
become more intense. Therefore, the choice of the method of determining the air flow in the drive links is
important for modelling electro-pneumatic pressure apparatus, as the error in the calculations can reach 50-80 %.
The obtained new functional connections of the structural elements of the electro-pneumatic pressure modulator
with indirect air flow allowed to form the concept of modelling such devices. Simplify the simulation of the
working processes of the electro-pneumatic brake system by taking into account the peculiarities of the hysteresis
of pneumatic devices when modelling the braking process of a multi-axle wheeled vehicle using a simple
mathematical apparatus. On the basis of the "on-off'method, which was used in the implementation of the concept
of organizing a spare brake system with electro-pneumatic brake drive, it was found that the number of
combinations of combinations of brake drive contours with brake mechanisms of corresponding matching
connection of contours to brake mechanisms. Are proposed criteria of definition of rational schemes realization
brake actuator of a multi-axle wheeled vehicle allow to select acceptable variants of realization schemes of
connection contours brake actuator to brake mechanisms respective bridges of a multi-axle wheeled vehicle,
which provide a deviation efficiency braking of the vehicle by the average of its value is not more than 20 %. The
theoretical provisions set out in the work allowed to improve the mathematical model of braking of a multi-axle
wheeled vehicle in the adaptive mode during emergency braking, which differs from the known ones in that it
takes into account the inconsistency of adhesion between the tires of its wheels and the road surface. The control
system of the electro-pneumatic drive adjusts the pressure in the drive by the criterion of the ratio of the realized
adhesion force to the limit value of the adhesion force. Based on the simulation modelling of the braking process of
a multi-axle wheeled vehicle in the adaptive mode, it was established and confirmed by experimental studies that
depending on the potential of the adhesion between the tires of road wheels and the road surface, the pressure in
the can be increased by no more than 0.04 MPa in the event of failure of one of the drive circuits during braking of
the car on the verge of locking its wheels. Developed and implemented guidelines for determining the axial loads
of vehicles on the road surface allow with an accuracy of 10 % to take into account the peculiarities of load
redistribution between the axles of multi-axle vehicles during the design of roads in Ukraine.
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