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CUCTEMA YHPABJIIHHA EJEKTPUYHOIO TPAHCIIOPTHOIO
IHVIAT®OPMOIO 151 TEPEMIIIEHHA BAHTAXKY B OBMEKEHOMY
IHPOCTOPI

[IpoGnema mepeMimieHHs BaHTaXiB OOMEXEHOMY TIPOCTOPl € JIOCHUTH
CKJIQJHOIO 1 aKTyaJIbHOIO Ha CHOTOJHIIMIHIA JeHb. byab TO BenuKorabapuUTHUIA
BaHTaX, W0 TPAHCIOPTYIOTh BY3bKMMU BYJIUISAMH JKUTIOBOTO paloHy, YH
HEBEJMKUM BAaHTAX, 10 MEPEMIIIYIOTh B Mexax ckiany. [lokasHuK MaHeBpyBaHHS
Ii€7 TeXHIKU My)Ke BXKJIMBHH JJI SKICHOTO Ta MIBHJKOTO BUKOHYBAaHHS 3aBJIaHHS.
Tomy onHi€ero 3 mpobiIeM po3poOKH CIeliaJbHOrO0 aBTOTPAHCIOPTY HacaMIlepen
CTOITh TIpo0JieMa MaHEBPYBaHHS y BY3bKMX Ba)KKOJOCTYIMHHUX BYJIHIAX UM JOPOTaX,
a00 y CTHUCIOMY TMPOCTOpl IIAXTH YU NpUMIIIEHHI ckiaay. Jus Toro, o6
NOKpAIlUTH TIOKAa3HUKM MAHEBPYBAHHS CIELUTEXHIKH, 31€0UIbIIOIO 1HXEHEPH
BUKOPUCTOBYIOTh 30UIbIIEHHS KyTy MOBOPOTY KEPYIOUMX KOJIC, YU 30UIBIIYIOThH
KUIBKICTB KOJIC K1 MOKYTb IOBEPTATHUCS, IO CYTTEBO YCKJIAJHIOE MEXaHI3M I1aci Ta
H1BUILY€E HOTO BapTICTh.

OpHak iCHye 1€ OJWH Croci0 po3B's3aTH 110 MpoOJeMy - BUKOPUCTAHHS
KOHCTPYKIIii BCeHampaBlieHuX Kosic. OIHUM 13 THIMIB BCEHANPABICHUX KOJIC €
Mecanum wheel, Takox BigoMe sIK kojeco IimoHa abo, Ak Horo Ie 1HO1 Ha3UBarTh
[IIBencbke komeco. anuit Tun komic BUHAWIMOB y 1973 p. iHXKEHEp HIBEICHKOI
kommanii «Mecanum AB» benart Inon (mBen. Bengt Erland Ilon), na sxe y 1975 p.
BiH orpuMaB maTeHT CIHIA NeUS3876255A. lle pomnikoHecyiie Koieco 3 KiTbKoMa
POJIMKaMU, TPUKPITUICHUMH JI0 HOTO OKPY>KHOCTI, POJIUKH MAlOTh BiCh MMOBOPOTY 45°
710 IJIOLIMHU KOJeca, B IUIOIIMHI MapaiesbHiil Bici o0epTaHHs Koneca. Lle nqo3Bosse
TPAHCIIOPTY pyXaTtucs B OyIp-SKOMY HAmpsMKY. 3alie)KHO BiJ HANpsIMKY PyXy Ta
IIBUJIKOCT1 KOXKHOTO OKPEMOro Kojeca pe3yibTytoua KOMOiIHAIlisS BCIX CUJI YTBOPIOE
BEKTOp 3arajbHOi CUJIM B HEOOX1IHOMY HamNpsIMKY, 110 J03BOJIA€ MIaTGOpMi BUIHHO
pyXaTHCsl y HalpsMKy pe3yJbTYIOYOro BEKTOpa CHIIM, HE 3MIHIOIOYHM IOJIOKCHHS
camux komic. Koneca Mecanum mmpoko BUKOPUCTOBYIOTHCSI B TUX BHUIMAJIKaX, KOJIH
noTpiOHa Xopoiia MOOUIbHICTH TMuiatopmu. IlepeBaramm maHOro THUITY KOJIC €
KOMITaKTHUI pO3Mip Ta BUCOKA BAHTAXKOM1THOMHICTb.

Bcenanpasneni moOinpH1 mnatdopmu Ha 6a3i koneca lnmona (puc.l.) maroTh
Tpu cBOOOIM (Brepen / Hasaj, BIIBO /BIpPaBO, 1 PO3BOPOT HA MicCli) 1 TaKk camo
MOXYTh pyXaTHcs 10 OyIp-KOMy 3 HampsAMKy ©0€3 3MIHM [OJIO)KCHHS.
Bcenanpasnena Mmo0inbHa maTdopMa Joiiae nmepenKkoy, B To yac, ik TpajauiiiiHa
MOOUTbHA II1aT(hopMa HE MOXKE NEPEMIIIATUCS MONEPEYHO 1, MPUMIPOM, 3aKPYTUTHUCS
Ha wMicii. € sBHI mnepeBarn B 0araThbOX CHUTYallisIX MIOJO0 THYYKOIO pYyXY
BCEHAIIpaBjIeHO1 MOOUTBLHOT IIaTPOPMHU 3 MEXaHIYHUMU Kosiecamu. HynboBuit paaiyc

o0epTaHHsT MOXE JOMOMOITH MOOUIBHIA IIaTGopmi pyxaTUCS 4Yepe3 BY3bKUM
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IPOCTIp 3 TEPElIKoJaMU Ta OTPUMATH BHUCOKY €(EKTHUBHICTb Ta MaHEBPEHICTb.
Bcenanpapneni MoOuUTbHI  TUIaTGOPMU  BXKE IIMPOKO BUKOPHUCTOBYIOTHCS IS
TPAHCIIOPTYBAaHHS B aePOKOCMIUHIN Ta MOPCHKIN Taiy3i.

Pucynok 1 - Bcenanpasnena miargpopma omniMove.

Jist yopaBiiHHS Kosiecamu Mecanum icHye po3poOJjieHO CBiil 0COOJIMBHIA
anroputMm (puc.2), TPOXH CXOXKHUW 3 MEXAHIKOI YIPABIIHHSI TYCEHHMYHO! TEXHIKH.
st toro, mo0® 3AiiiCHIOBaTH pyX, MOBEpTaTH IIaTGopMy, KOKHUM KOJIECOM
MOTPIOHO YIPABIATH OKPEMO, TOMY Ha KOXKHE KOJIECY BCTAHOBIIOIOTH OKPEMHIA
HE3JIEKHUI €JeKTPOIPHUBII.
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Pucynox 2 - Anroputm pyxy minatdopmu 3 kosecamu Mecanum
372



st pyxy mnardopmu Briepes (puc. 2,A), HE0OXiHO KoJjieca KPYTHTH B OJTHY
CTOpPOHY, 3 OJHaKoBOW0 mBHAKICTIO. LlIBuakicTh pyXy miatdopMu 3a€KUTh Bij
IIBUAKOCTI 0OepTaHHs KOJIIC.

Hna pyxy Hazan (puc. 2,b) HeoOXimHO KPYTHUTH Kojeca B MPOTHUIICKHUIN
HanpsMoK. IIIBUIIKICTE pyXy mIaTdOpMH 3aJI€KUTh B IIBUJIKOCTI 00EpTaHHS KOJIIC.

st pyxy mpaBopyd BOik (puc. 2,B) koneca siki po3TaiioBaHi 3j1iBa HOTPIOHO
KPYTUTH J0 LEHTpY IIaTGopMH, a KoJjieca sIKI pO3TalllOBaHI MpaBopyd, MOTPIOHO
KPYTUTH B MPOTUIICKHOMY HANPSIMKY BiJ LIEHTPY miaTdopmu. Y ci Kojeca noTpioHo
KPYTUTH 3 OJIHAKOBOIO MIBUAKICTIO. IIIBUAKICTE pyXy TakoX 3aleXUTh Bij
IIBUIKOCT1 00EpTaHHS YCiX KOJIIC.

Pyx nmiBopyu BOik (puc. 2,I") BimOyBaeThCs Tak camo, Kojieca Kl po3TaIlloBaHi
3]1iBa TOTPIOHO KPYTUTH B NPOTHUIICKHOMY HAIPSMKY BIJ IEHTPY Iutatdopmu, a
KoJIeca sIKi pO3TallloOBaHi MPaBOPyY, NOTPIOHO KPYTUTH A0 LEHTPY MIaTHOPMH.

Jlist Toro mo6 mnatdopma pyxanack no aiaronanm (puc. 2, II,E,K,3) motpiGHo
KPYTHTH JiaroHaJbHI Kojeca BOIK HaMpsAMKY pyXy. [HIma miaroHanb 3ajJuIIa€Tbes y
BUIBHOMY OOEpTaHHI.

Jlns po3BopoTty miargopmu Ha wmicti (puc. 2, U,K) mpairoe cxema moBopoty
wi1aTGopMu 3 TYCEHUYHUM XOJIOM - KOJieca 110 PO3TalIOBaHi 3/1iBa KPYTATHCS MPSIMO,
a Tl 10 PO3TAIIOBaHI MPaBOPYU MOTPIOHO KPYTUTH Yy MPOTUIICKHY CTOPOHY Hazan i
HaBMaku. Tak camo sK 1 TyCEHMYHA TeXHiKa IaaTdopma MOBEpHE CTOsYl Ha MICIIi
npaBopyu abo niBopyd. 1106 3MIHUTH MIBUIKICTH MOBOPOTY, 3MIHIOIOThH IIBHUAKICTh
o0epTaHHS yCiX KOJIIC.

[MnaBuuii moBopoT (puc. 2, JI) peanizyerbcsi 3a paxyHOK PI3HHIN IIBHAKOCTI
oOepTaHHsi Koiic mpaBoro 1 JjiBoro Oopty. Ilpu mpomy pazgiyc moBopory Oyne
3aJIe)KaTH BiJl Pi3HUIII 00epTaHHS KOJIIC TPaBoi Ta JI1BOi CTOPOHHU.

Sxmro moTpiOHO MOBEpHYTH TUIATGOPMY JTIBOPYY, TaK MO0 CepeaHs TOYKA Bici
3aJIHIX KOJIic 3anmummanacs Ha micti (puc. 2, JI), To moTpiOHO TEepenHe JIiBe KOJIECO
KPYTUTH TpsIMO, a TEpeaHE MpaBe Koieco Haszaa (1 HaBOaku, JUIsi KPYTOBOTO
noBopoTy mpaBopyd). [Inmatrdopma Oyne pyxaTuch HaBKOJIO YSBHOI CEpeAHBbOI TOUKU
3aJIHIX KOJIIC.

Takuii BenUKHA TEpeNiK MOXJIMBUX KOMOIHAIIMHUX CXEM YIpaBIiHHSA
TPAHCIIOPTHOIO MIATPOPMOIO MOTPEOy€e OKPEMOI CIIeNiaTbHOI CUCTEMH YIIPaBIIHHS 3
MO>KJIMBICTIO YIPABIIiHHS 1 KOHTPOJIIO KOKHOTO OKpeMoro koseca. [[isi BupimieHHs
3a1a4i MoOy/IOBM CHCTEMH YIPABIIIHHS €IEKTPUYHOI0 TPAHCTIOPTHOI TUIAT(HOPMOIO
OyJa 3alpornoHOBaHa CTPYKTYpHA CXEMH MPEJICTaBIeHA HA PUCYHKY 3.

Haiinpocrima mnardopma 3 xonecamu Mecanum cknamaerbes 3 4-X KOJIC 3
CJIEKTPONPUBOAOM, SIKI KEPYIOTbCS KOHTPOJIEPOM 4epe3 CHJIOBUN JpaiiBep
EJIEKTPOIIPUBOAY. 3BOPOTHUI 3B'SI30K, MOJIOKEHHS KOKHOTO 3 4-X KOJIC MOCTYIIa€ Ha
MIKpOKOHTpOJIEp. YTpaBiiHHSA TUIATPOPMOI0 BUKOHYEThCA depe3 iHTepdeiic
kopuctyBaua. JKuBineHHs 1aTGOpMU peai3oBaHO 3a JOMOMOTOK  CHJIOBOT
akymynastopHoi 6atapei Ta DC/DC neperBoproBaya.
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Pucynox 3 — CtpykTypHa cxema CHUCTEMU yIpaBJIiHHS

EJIEKTPUYHOIO0 TPAHCTIOPTHOIO MIATHOPMOIO

Cuctema cknagaetbes 3 MikpokoHTpoaepa (MK), skuit onutye iHTepderic
kopuctyBadya (IK) 1 BIANOBIAHO [0 aNropuTMy BH3HAYa€E KEPYHOUMI BIUIMB Ha
cwioBuit npaiiBep enektponpuBoay (CEIl), saxuii B CBOIO 4Yeprow Kepye
MIBUJKICTIO Ta HAMpSIMKOM OOEpTaHHS ENEeKTPUYHHUX JBHUTYHIB TPUBOAY KOJIC
(ETIK1-EIIK4). V sikocTi 1aT4MKa KyTa MOBOPOTY Ta MIBUAKOCTI 0OEpTaHHS JBHUTYHA
BUKOPHUCTOBYIOThCSI O€3KOHTAKTHI JATUYUKH TOJOKEHHS, IO MPAIoOI0Th 0 THUILY
iHKpeMeHTansHoro enkoaepa (JILIKI1-/I111K4), axi naroTh 3BOPOTHIM 3B’SI30K IS
cuctemu yrpapiiHHsa. [loTouHi AaHHI BiJ JATYMKIB MEPEPaxoBYIOTHCS Y BIAHOCHI
OJIMHUII TIOJIOKEHHS KoJieca.

brok meperBopenHss Hampyru moOynoBanmii Ha DC/DC meperBoproBauax i
npu3HAYCHUN i 3a0€3MEeUeHHs] YCIX BY3JIB CHUCTEMHU YMPaBIIHHSA HEOOX1THOIO
BEJIMYMHOIO HANPYTH KUBJICHHS He3anexHo BiA 3Minu Hanpyru CAKBD.

TakuM 4YMHOM cHCTEMa YHOPABIIHHS €JIEKTPONPUBOAOM Ha 0a3l KoJic
Mecanum 103BoJiIsIE OTpPUMAaTH TPAHCHOPTHY IUIATPOPMY 3 BHUCOKUM pIBHEM
MaHEBPEHOCTI JJIsl IEPEMILIEHHS! BAHTaXy B OOMEXEHOMY MPOCTOPI.
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IMPROVING THE SAFETY OF TRAMS BY IMPROVING THE
STABILITY AND CONTROLLABILITY OF THE BRAKE

When designing vehicles, much attention is paid to active safety and braking
control. Braking systems play an important role in ensuring safety.

Functionally, there are three braking modes:

service (under normal operating conditions);

emergency (for stopping in exceptional cases to prevent traffic accidents);

parking (to prevent uncontrolled movement under the influence of external
forces).

Of great importance from the point of view of the operational performance of
the brakes is the ability to brake without loss of stability of vehicles on the road
surface. This question is also relevant when braking trams. But we are talking about
maintaining their stability when braking on rails [1].

The following methods of braking are widely used in trams:

frictional, in which friction forces are created in braking mechanisms rigidly
connected to wheel pairs;

electric, in which traction motors are switched to the mode of generators -
current sources;

electromagnetic rail, in which the impact of brake shoes with electromagnets
on the rails is carried out.

Trams operated in Belarus are equipped with the mandatory braking systems:

working (mechanical brake — drum pad or disc brake mechanism with a
solenoid or hydraulic drive acting on braking — mechanical braking)

auxiliary (electric brake — electric braking);

additional (electromagnetic rail brake — magnetic rail braking).

With mechanical and electrical braking, the braking force is realized through
the coupling of the wheels with the rails, since the mechanisms of these types of

braking somehow affect the traction transmission and the wheelset of the tram.
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