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MoaenupoBaHnue ITMHAMHUKH PbIYAKHOM Mepeaayu TOPMO3HOI CHCTEMbI B
npouecce TOPMOKEHUs HA y4acTKe IIyTH, HMelolleMy HEPOBHOCTH
(Ha mpuMepe MaccaKUPCKOro BaroHa)

N. A. Slunkos, B. B. KocapeBckmuii

OI'BOY BO «PocToBcKuit rocyJapcTBEHHBIH YHUBEPCHUTET IyTeil coodmenust», (r. Poctos-Ha-/lony, Poccuiickas denepars)

Beeoenue. Ctatps moCBAIIeHa MOJCTHPOBAHUIO TUHAMHUYECKUX MPOIIECCOB PHIYAXHON IMepefadd TOPMO3HON CHCTEMBI
[IACCaKUPCKOT'0 BaroHa B IIPOLIECCE TOPMOKEHUS HAa yYacTKe IIyTH, UMEIOIIEMY HEPOBHOCTH.

Lemu paGoTs: pa3paboTka MOAYJIS KOHTAKTa «TOPMO3HAsI KOJIOJKA PHIYaKHOU Iepeaadn — pabodas MOBEPXHOCTH KOJIecay
B MOJHOPa3MEPHOM KOMIIBIOTEPHOH MOJENU MAaccaXMPCKOTO BaroHa B NPOrpaMMHOM KOMIUIEKCE «YHUBEPCATIbHBIN
MEXaHH3M»; KOMIIBIOTEPHOE MOJCIIUPOBAHUE PaboUero pexxuma TopMokeHust oT 50 10 32 KM/4, ¢ y4eTOM BEPTHKAIBHBIX
U TOPU3OHTANIBHBIX HEPOBHOCTEN PENbCOBBIX HUTEH IMyTH, AJS ONMPEAEIECHHUs 3aKOHOMEPHOCTEH U3MEHEHHUS MPOOIBHOTO
YCKOPEHHsI TOPMO3HOH KOJOAKHM U €€ YIJIOBOro yckopeHus. IlpeameT uccienoBaHHs — CHJIOBOE B3aUMOJECHCTBHUE
9JIEMEHTOB U AMHAMUYECKHUE IPOLECCH B PhIYaXXHOM Iepeaue TOPMO3HOM CUCTEMBI ACCAXKUPCKUX BarOHOB.
Mamepuanevt u memooul. B iporpaMMHBI KOMIUIEKC «Y HUBEPCAIbHBIN MEXaHU3MY TPEJIOKEH HOBBIM MOYJIb KOHTAKTa
«TOpPMO3Hasl KOJIOJKAa PBHIYKHOW mepenadud — pabodas MOBEPXHOCTH KOJECa», KOTOPBIM ITO3BOJIMI OIPEAETHUTh
MIPOJIOJTIGHBIE M YTJIOBBIE YCKOPEHHS TOPMO3HOM KOJOIKHM pPBIYaKHOHM Mepenadd MaccakHpckoro BaroHa. IIpoBemeHo
HMHTAIIMOHHOE MOJCIMPOBAHNE PHIYaKHOM Meperadyd TOPMO3HON CHCTEMBI IACCaKUPCKOTO BaroHa ¢ Tenexkamu KB3-
ITHMMU tuna 1, ocHameHHOro KoJIOA0OYHBIMA TOPMO3aMHU.

Pesynomamer  uccredosanusn. PazpaboraHa mONHOpa3MepHash KOMITBIOTEPHAsT MOJENh ITACCAXXHPCKOTO BaroHa B
MPOTPaMMHOM KOMIUIEKCE «YHHUBEPCANBHBI MEXaHM3M», B KOTOPYIO BKIIOUCH pPa3paOOTaHHBIH MOIYJNb KOHTAKTa
«TOPMO3HasI KOJIOIKA PHIYaXHOH Tepeiaun — padodasi TOBEpXHOCTH KOJiecay. BaroH nmpeicTaBiIeH Kak CHCTeMa TBEPIbIX
T€N, COEAMHEHHBIX YNPYIMMU M JHUCCUIATUBHBIMU 3jeMeHTaMd. [Ipy NOMOIIM KOMIIBIOTEPHOIO MOZEIUPOBAHHUS
BOCIIPOM3BEJICH pabOUUil PEeXKMM TOPMOXKEHUS IMMPU CHIKEHHH CKOPOCTH TAccaXupckoro Barona oT 50 mo 32 km/4 ¢
Y4ETOM BEpPTHKAJIBHBIX M TOPU30HTAIBHBIX HEPOBHOCTEH PEIBbCOBBIX HUTEH JKEJIE3HOAOPOXKHOTO MyTH. PesympraTrom
MOJICTTMPOBAHMS SBWJINCH 3aKOHOMEPHOCTH H3MEHEHHS IPOJOIBHOIO YCKOPEHUS TOPMO3HOW KOJIOJKH M €€ YIJIOBOTO
YCKOpeHHs B TpOIlecce TOPMOXKEHUS B BBIIICYKa3aHHOM JHana3oHe cKopocTei. IlocTpoeHBl CIeKTphl MPOJOIBHOTO
YIJIOBOTO YCKOPEHHsI TOPMO3HOH KOJOAKM. BBIABIEHO, YTO Hanmuyue HEPOBHOCTEH IyTH OKa3bIBaeT BIMSIHHE Ha
CIEKTpaJIbHBIN COCTaB yCKOpeHuid. Kpome 3Toro, npu Hano)KeHHH KoyieOaHWil MOANPBHITMBAHUS U TaJONUPOBAHUS PaMBbl
TEJNEXKKHU MPU JBWKEHHUHU 10 MYTU ¢ HEPOBHOCTSAMH, KOJIOJKA PHIYAKHON MEpeaud MOKET NepeMEILaTbCsl BBEPX-BHU3 110
pabouell MOBEPXHOCTH KoOJleca ¢ pa3MaxoM, pocturaronM S50 MM. PacmmpeHsl (QyHKIMOHaTBHBIE BO3MOXKHOCTH
MOJIEIIMPOBAHUS JUHAMUYECKHUX ITPOLECCOB PHIYAKHOW Iepeadl TOPMO3HOM CHUCTEMBI MACCAXKUPCKOIO BaroHa B MAKETE
[IPOrpaMMHOT0 KoMIuiekca «Y M-JIokoy.

Obcyarcoenue u 3akmoverus. IlomydeHHBIe pe3yIbTaThl MOTYT OBITH UCTIONBH30BAHEI B MPOIIECCE POSKTHPOBAHUS HOBBIX U
MOJEpHM3AI[MH  CYIIECTBYIOIMX  PBIUYAKHBIX Iepefad TOPMO3HOM  CHCTEMbl MACCaXUPCKUX BaroHOB  Ha
MAalIMHOCTPOUTEIBHBIX MPEANPUSITUSIX U BATOHOPEMOHTHBIX MPEIIPHATHSIX. JTO, B CBOIO OYEpellb, IOKHO 00ECIIeUnTh
PaBHOMEPHOE paclpeieNIeHUs yCUIINH 110 BCEM TOPMO3HBIM KOJIOKaM PhIYaXKHOM IepeJaull MacCcakupCKOro BaroHa.

Kniouesvle cnosa: prluaxHas mepefada, TOPMO3Has CHCTEMa, BaroH, KOJIOJAKA, OUHAMHKA, MOJEIMPOBAHUE,
TOPMOXEHHE, HEPOBHOCTH Iy TH.
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Brake rigging dynamic simulation under braking on a track section with irregularities
(the case of a passenger car)

I. A. Yaitskov, V. V. Kosarevskii

Rostov State Transport University (Rostov-on-Don, Russian Federation)

Introduction. The paper considers simulation of the dynamic processes of the brake rigging of a passenger car under
braking on a track section with irregularities. The work objectives include the development of a “rigging brakeblock -
wheel working surface” contact module in a full-scale computer model of a passenger car in the “Universal Mecha-
nism” software package; and a computer simulation of the braking operating mode from 50 to 32 km/h considering ver-
tical and horizontal track rail irregularities for determining the mechanism of variation of the longitudinal acceleration
of the brakeblock and its angular acceleration. The subject of the study is the force interaction of the elements and dy-
namic processes in the brake system of passenger cars.

Materials and Methods. A new “rigging brakeblock - wheel working surface” contact module, which provides the de-
termination of the longitudinal and angular accelerations of the brake rigging of a passenger car, is proposed to the
“Universal Mechanism” software package,. The simulated modeling of the brake rigging system of a passenger car with
KVZ-TsNII type II trolleys equipped with shoe brakes is carried out.

Results. A full-scale computer model of a passenger car, which includes the designed contact module “linkage brake
pad - wheel working surface”, has been developed in the “Universal Mechanism” software package. The car is present-
ed as a system of solids connected by elastic and dissipative elements. Using computer simulation, the operating mode
of braking was reproduced under reducing the speed of a passenger car from 50 to 32 km/h considering vertical and
horizontal irregularities of a railway track. The simulation result was the laws of change in the longitudinal acceleration
of the brakeblock and its angular acceleration under braking in the above speed range. Their spectra of longitudinal an-
gular acceleration of the brakeblock were constructed. It was determined that the presence of track irregularities affects
the spectral composition of the accelerations. In addition, under the superposition of the bogie-frame pitching and
bouncing oscillations, when moving along an uneven track, the rigging block can move up and down the wheel-working
surface within a range of up to 50 mm. The simulation functionality of the dynamic processes of the brake system of a
passenger car was expanded in the “UM-Loko” software package.

Discussion and Conclusions. The results obtained can be used in the design of new rigging brake systems of passenger
cars and modernization of existing ones at the engineering enterprises and railway-car repair works. This, in turn,
should ensure uniform distribution of efforts across all brake rigging brakeblocks of a passenger car.

Keywords: rigging, brake system, wagon, block, dynamics, simulation, braking, track with irregularities.
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Beenenune. Ilpoonema obecriedenns: d3(pQEeKTUBHON M HaJEKHOH pabOThl TOPMO3HBIX CHUCTEM IAaCCAKHPCKHUX
BaroHOB CTaHOBHUTCS elle 0oJiee aKTyajbHOW NP BHEJPEHHU HA JKEJE3HBIX Joporax Poccuu cKOpOCTHOTO JBMXKEHHMS.
OCHOBHO# 4acCTBI0 COBPEMEHHBIX TOPMO3HBIX CHCTEM SIBIISIETCS phlYaKHasl Iiepeiada TOPMO3HON CHUCTEMBI MacCa)kup-
CKOT0 BaroHa, 3()eKTUBHOCTD M HAJIEKHOCTH pabOThl KOTOPOH HENOCPEICTBEHHO 3aBHCHUT OT KayecTBa IPOCKTUPOBA-
HHS, 9KCILUTyaTalllK, OOCTY>KUBAaHHS H PEMOHTa TOPMO3HOr0 000pynoBaHUs. MexaHndeckas 4aCTb TOPMO3HOH CHCTEMBI
O00BEIMHACT PHIYAKHYIO TOPMO3HYIO Iiepelady, aBTOMAaTHUSCKUH PEeryjiaTop phlYakHOI mepemadyn M (QpHUKLHOHHBIE
AJIEMEHTHI TOPMO3a (TOPMO3HBIE KOJIOIKA W HaKiIaakd). OTHIM W3 OCHOBHBIX TPEOOBaHHUI K PHIYaKHOM Iepenade Top-
MO3HOW CHUCTEMBI SIBJIIETCS 0OecIedeHre paBHOMEPHOTO paclpeieeH s YCUIIUA 110 BCeM TOPMO3HBIM KoJioakaM. Og-
HaKO B YCJIOBHSIX IKCIUIyaTalliM HaOJI0JaeTcs HEKOTOPbIH pa3dpoc B YCHIIMSIX Ha)KaTHS TOPMO3HBIX KOJOJOK Ha KO-
JIECHBIE Mapbl KaK B MpeJeiax BaroHa, Tak U KaIoW TedexKH. HepaBHOMEPHOCTh paclpeiesieHHs] HaXaTHiH TOPMO3-
HBIX KOJIOZIOK MOJKET OBbITh OJHOW M3 OCHOBHBIX IPUYMH UX HEPaBHOMEPHOro m3Hoca. [IpenmeroM mccienoBaHus sB-
JISIFOTCSI CUJIOBOE B3aMMOJIEHCTBHE JIEMEHTOB M IMHAMHYECKHE TIPOLIECCHI B PHIUQKHOM Mepeaye TOPMO3HON CUCTEMBI
MAaCCAKUPCKUX BarOHOB. YPOBEHb IPOBEICHHBIX TEOPETHYCSCKUX HCCIECNOBAHUH THHAMHYECKUX IPOLIECCOB IEMEHTOB

KOHCTPYKIUH TATOBOTO IOJBIYKHOTO COCTaBa JOCTaTOYHO BHICOK [1—12].
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Matepuajbl 1 MeToAbl. C IeTbI0 YTOUHEHUS U MOATBEPKICHUS PE3yIbTaTOB MIPOBEACHHBIX TEOPETUYECKUX
HCCIEeJOBAaHUH HEOOXO0ANMO ITPOBECTH KOMIBIOTEPHOE MOJEIMPOBaHNE AMHAMUYECKUX MPOILIECCOB PhIYaKHOM mepea-
YY TOPMO3HOI CHUCTEMBI MACCAXKUPCKOTO BaroHa, MPOTEKAIOIUX MPU TOPMOXKEHUU HA POBHOM ydacTke ImyTH. OCHOB-
HBIMH NIPUYMHAMHU AMHAMAYECKHX MPOLECCOB B KOHTAKTE «TOPMO3HAS KOJIOAKA PHIYaXKHOW Iepenadn — pabouast mo-
BEPXHOCTh KOJIECa» MOTYT OBITh KOJICOAHHS 3KHUIaKHON YacTH BarOHa IPH JABMKCHUH T10 IyTH, IMEIOIEM HEPOBHOCTH.
OTO CBSI3aHO C TEM, YTO KOJOJKHM M 3JIEMEHTHI PBIYayKHOM Meperadd TOPMO3HON CHCTEMBI KOHCTPYKTHBHO CBSI3aHBI C
paMoii TeNeKKH, KOTopas 3a cueT AeopMaluii OyKCOBOro MOJBENIMBAHKS NEPEMEIIACTCS MO OTHOIIEHHIO K KaTAIINM-
Cs1 IO pesibcaM KOJIECHBIM mapaMm. HeoOxonuMo mepeTH K MOASIUPOBAHHIO TIPOIEcCa TOPMOKCHHUS MPU HAJIMYUH He-

POBHOCTEH MyTH.

MyTo, M

Puc. 1. Ilpumep BepTUKAIBHBIX HEPOBHOCTEH PEIbCOBBIX HUTEH MyTH

®dailtbl BepTUKAJIBHBIX W TOPU30HTAIBHBIX HEPOBHOCTEH PEIbCOBBIX HUTEH, MpeICcTaBisIonpe coboit 0600-
IICHHE Pe3yIbTATOB ITyTEH3MEPEHUI, UMEIOTCA B COCTaBe MpOoTrpaMMHOT0 Komiuiekca «YM-Jloko». Ha puc. 1 B xaue-
CTBE MpUMepa MOKa3aHbl BEPTHKAIBHBIE HEPOBHOCTH Ha ydacTke JmuHoiH 1000 M.

Pe3yabTaThl HccaenoBanusA. Pe3ynbTaTel MOIENIUPOBAHIS AUHAMHYECKUX IMIPOIECCOB PHIYAXHOHN Tepenaqn
TOPMO3HON CHCTEMBI HA POBHOM IyTH MPEACTaBIIEHBI Ha pHc. 2. KapTHHa MITEH KOHTAKTa «KOJIECO — PeJIbey JUJISl BCeX
YEeTBIPEX KOJIECHBIX Map BaroHa, Npu HAJIMYUU HEPOBHOCTEU MyTH, MoKazaHa Ha puc. 3. ComnocTaBiieHue Pe3yJbTaToB
MOJIETUPOBAHUS C PHUC. 2 TIO3BOJISIET CJENAaTh BHIBOJ O TOM, YTO HaJM4HMe HEPOBHOCTEH MPUBOJUT K BO3HUKHOBEHHUIO
BEPTUKAJIBHBIX KOJCOAHUIA 3KUMAKHOW YacTU W, KaK CJIEJCTBHEC, K 3HAYMTEIIFHOMY M3MCHCHHIO YCHWIMU B Mpeaeiax

IIITHA KOHTAKTa «KOJICCO-PCIILCH.

.4
11

Puc. 2. [IsTHa KOHTAKTa KKOJIECO-PEIILC» U pacIpeieleHne YCHnii (POBHBII Iy Th)

[pu qBYOKEHUM MO MMYTH C HEPOBHOCTSMHY KOJCOAHHS MTOANPBITUBAHKS PaMbl TEJICKKH UMEIOT aMIUIUTYTY, 10-
cruraroIyio 18 MM, B criekTpe kosiebanuii mpocmatpusarotcs yactotsl 0,8; 0,95 u 1,07 I'u. [Tocneanss yactora Oau3Ka
K COOCTBEHHOM 4acTOTE TATONHPOBAHUS Ky30Ba.

Komnebanns ranonupoBaHust paMbl TeIeKKH uMetoT ammoiutyny 1o 0,0025 pax. B crektpe mMeroTcst 9acTOTHI
0,25;0,8; 0,95;3,7u 3,9 I't.
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Puc. 3. [I1THa KOHTAaKTa KOJIECO-PENbC» U pacTIpeeNiCHUe YCHIINHA (HEPOBHBIH MyTh)

Ha puc. 4 u 5 moka3aH r‘paq)m( MMPpOAOJIBLHOI0 YCKOPCHUS KOJOAKHN pLI‘-Ia)KHOfI nepeaadyun B IMpouecce TOpMOKe-
HUS IIPU HAJTUYUU HepOBHOCTefI IIyTHU U €TO CHeKTpaJ'IBHLIﬁ COCTaB.
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Puc. 4. [IpogossHOE YCKOPEHHE KOJIOJKH PEIYaXKHOH Neperadn
B TIPOIIECCE TOPMOKEHUS (IIyTh C HEPOBHOCTSIMH)

Ha puc. 6 u 7 nokasan rpa)uk yrioBoro yCKOpeHHUs! KOJOIKH PBIYAXXHOW MEPEAadn B IMPOLECCE TOPMOKECHUS
IIPY HAJIMYNUU HEPOBHOCTEH ITyTH M €T0 CHEKTPATIbHBIA COCTaB.
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Puc. 5. CnexrpaibHbIH cOCTaB IPOAOIBHOTO YCKOPSHUS KOJIOAKA
pBIYaXHOI Nepenau (MyTh ¢ HEPOBHOCTSIMH)
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Puc. 6. YrioBoe yckopeHne KOJIOAKU PHIYaKHOM Hepenadn (IyTb ¢ HEpOBHOCTSIMH)
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Puc. 7. CnexTpanbHbIii COCTaB yrIOBOTO YCKOPEHUs (IIyTh C HEPOBHOCTSIMU)

W3 pe3ynbTaToB MOAENMPOBAaHUSA BUIHO, YTO NPU HAIMYMHA HEPOBHOCTEH IYTH MPOAOJIBHBIE H YIIIOBBIE KOJIE-
6aHuUs KOJIOAOK IMPOUCXOIAT B YaCTOTHOM AMamna3oHe 10 25 I'l, mpuyeM UX CIeKTPaJIbHBIM cOCTaB HECKOJIBKO OTIHYA-
€TCsl OT Cly4asi, KOT/1a TOPMOKEHHUE ITPOUCXOIUT IO POBHOMY ITyTH.

O0cy:xaeHne u 3akjroueHus. PazpaboTaHa nmomHopazMepHas KOMIIBIOTEPHAs! MOAENb MTACCA)KUPCKOTO BaroHa
B NIPOrPaMMHOM KOMIIIEKCE « Y HUBEPCAJIbHBIA MEXaHU3M». BaroH mpeacTaBieH Kak CUCTEMa TBEPIBIX TEJ, COEIUHEH-
HBIX YIPYTMMH M JMCCHIIATUBHBIMH 3JIEMEHTaMHU. B cocTaB Mozenu BKIIOYEH pa3pabOTaHHBIA KOHTaKT «TOPMO3Has
KOJIOJIKa PhIYayKHOM nepenaun — padoyast HOBEPXHOCTH Kojiecay. [Ipy momMoIy KOMIBIOTEPHOH MOJIENN BOCIIPOHU3BE-
JieH pabounii peskuM TopMoxeHus oT 50 1o 32 km/4. PaccMoTpeH BapuaHT, KOT/Ja IyTh UMEET BEPTUKAIBHBIE U TOPH-
30HTAJIbHBIE HEPOBHOCTH PEIbCOBBIX HUTEH. B pesynbTare MoAenMpoBaHUS MOJyYEHB! 3aKOHOMEPHOCTH W3MEHEHUS
IIPOJIOIBHOTO YCKOPEHUsI TOPMO3HOI KOJIOZKH M €€ YIJIIOBOr0 YCKOPEHHs B Ipolecce TopMokeHust oT 50 1o 32 km/d,
IIOCTPOEHBI UX CHEKTpbl. Hanuune HEpOBHOCTEN ITyTH OKAa3bIBAET BIMSIHHME Ha CIEKTPAJIBHBIN cocTaB yckopeHuil. Kpo-
Me TOT0, IPY HAJIOKEHUH KOoJeOaHMH MOANPHITMBAHIS M TAOIMPOBAHUSA PaMbl TEJIEKKH NPU IBIKEHHHM T10 IIyTH C HE-
POBHOCTSIMH, KOJIOAKA PHIYQKHOI Mepenadyd MOXKET MepeMelaThCsi BBEpX-BHU3 MO padoueil MOBEpXHOCTH KoJjeca ¢
pasmaxom, gocturaouuM 50 mM. IlodydeHHBIE pe3yabTaThl MOTYT OBITH MCIIOJIB30BAaHbI B MIPOIiecce MPOSKTUPOBAHUS
HOBBIX U MOJEPHU3ALNU CYLIECTBYIOIUX PhIUYaKHBIX IIEpead TOPMO3HOM CUCTEMBI IACCA)KUPCKUX BarOHOB HA Mallu-
HOCTPOUTEIBHBIX MPEANPHUATHIX M BATOHOPEMOHTHBIX TPEIIPHUATHSAX C IIEbI0 0OecTieueHrss paBHOMEPHOTO pacIpe/ie-
JICHHS YCUJIUH TI0 BCEM TOPMO3HBIM KOJIOAKAM.
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