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KOMMbIOTEPHOE MOAEJINPOBAHUE AUHAMWUKN BBAMMOAENCTBUA
KOJIECHbIX MAP BATOHOB C TOPMO3HbIMU BALLMAKAMU

Paccmampusaemcs npobnema yoepiicanus 8a20H08 OmM CKAMBIBAHUA HA CIAHYUOHHBIX JHCENe3HO00-
PpodicHblX nymsax ¢ oonycmumuviym ykaonom 0-2,5 %o. Ilpusedenuvl pe3yromamusl KOMNbIOMEPHO20 MO-
0enuposanuusi OUHAMUYECKO20 83AUMOO0eUCMEUs KOAeC ¢ YCIMAHO0BIEeHHbIMU HA PelbCax MOPMO3HbIMU
bawmaramu 8 npoyecce 0CMaHOBKU 8A20HA 2PY308020 N0e30d C NpUMeHeHueM CMaHOapmHbiX mop-
MO3HBLX ODAWUMAKO8 8 UHICeHepHOM npocpammHom komniekce MSC. ADAMS. [Ipu s3mom yuumueigaiucsy
pasiuunslie C80UCMEa NOBEPXHOCMU pelbcd, Mooeaupyowue biazonpuamusie U HedIA2oNpuUsmHole
0151 MOPMOIACEHUS YCNOBUSL KOHMAKMA MeACOY KOeCOM, MOPMOZHbIM OAUIMAKOM U PeNbCOM, 00YCl06-
JleHHble KAK NO20OHBIMU YCA0BUAMU, MAK U 0COOEHHOCMAMU PACNONIONCEHUS U IKCIILYAMAayuu cmam-
yuonHnvix nymei. HMcciedosano e3aumooeiicmeaue Koiec 8a20HA ¢ MAKCUMATbHOU HA2PY3KOU HA OCb
U CMAaHYUOHHBIX MOPMO3HBIX OAUWMAKOS, YCMAHOBIEHHBIX HA PENbCax, NPu pa3iuidHblX HAYATbHLIX
CKOPOCMAX 08UICEHUSL MPAHCNOPMHO20 CPeOCMBd, a MAKce NPU HAX0NCOEeHUU e20 8 NOKoe HA NymsXx
€ 00NYCMUMbIM YKIOHOM NPU YCI08UAX 0Oecnedenuuss MUHUMATbHO20 MPEeHUs MedCOy KOIeCOM U pelb-
COM, @ maKaice perbCcom U OAUMAKOM, YUMO COOMBEMCMBYen HAX0ICOEeHUI0 COCMABA HA 3AMACTeHHbIX
penvcax. Ilokazano, umo npu npegviuaroueti 0,5 m/c ckopocmu Hae30a HA PpAcnONOACEHHBIU HA 3a-
MACIEHHBIX PeNbCax MOPMO3HOU OAUMAK He 8Ce20a 803MONICHO 0becneyms y0epilcanue JHcele3Ho00-
pooicHoco cocmasa. Ilpu Opyeux yciosuax naes3oa Koieca na mopmMo3HOU OAUMAK MAKICe 803MONCHO
B03HUKHOBEHUE NPOOIEM C YOepicanHuem CoOCmasa Ha peivcax, 00yCi061eHHbIX MAKUMU CAYUAUHBIMU
axkmopamu, kax 60K08as 6emposasn Hazpy3Ka, 001e)eHeHUe PelbCo8, USHOULEHHOCb U 0edopmayus
nogepxHocmu Koieca u mopmo3Ho20 bAWMAaKa, YMenbuaowumy OuHamMuyeckull Koaguyuenm mpe-
HUSL MedHCOY KOHMAKMUPYIOWUMU NOBEPXHOCTIAMU.
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BonbIIMHCTBO CTaHIMIA Ha JKEJIEe3HBIX IOpOTax  CTaBisl 2,5 %o, Ha CTaHIMSIX, MOCTPOCHHBIX TO3[-

konen 1520 mm moctpoensl n0 1991 roma. Homy- Hee, — 1,5 %o [1]. OnHako naxe mpu TaKUX yKIOHAX
CTHMBIH YKJIOH CTAQHI[MOHHBIX IyTeH B TO BPEMs CO-  CYIIECTBYeT IpoliieMa yaep)KaHWs BaroHOB OT CKa-
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TBIBAaHUsI, KOTOpas HauOojee CYIIECTBEHHO IPOSB-
JISIETCS PU TaKUX HEONAarompHusTHBIX YCIOBHAX, KaK
JOX]b, CHET U OOJIEe/IeHEHUE penbcoB. B HacTosmee
BpPEMsI OCHOBHBIM CPEACTBOM, 00CCIIEUNBAIOIINM He-
HOABMXKHOCTH BarOHOB NPH Pa3MeEIIeHUH uX 0e3 Jo-
KOMOTHBa Ha CTaHIMOHHBIX MYTAX OTCYECCTBEHHBIX
U 3apyOCKHBIX KEJIEC3HBIX AOPOT, SABJSIOTCS TOPMO3-
HbIe Oammaxy [2, 3]. ONBIT SKCIUTyaTalluy MOKa3bIBa-
€T, UTO pacyeT MOTPeOHOro KOMUYECTBA TOPMO3HBIX
0aIIMaKkoB B COOTBETCTBHHM C CYIIECTBYIOIIUMHU HOP-
MaTHBHBIMHU JIOKyMEHTaMHU HE BCET/a JaeT YIOBIET-
BOPHUTENBHBIE Pe3yabTaThl. AKTYyadIbHOCTb IIPOOIEMBI
MOJTBEPKAACTCSA Pa3padOTKOW HOBBIX KOHCTPYKIIHMA
TOPMO3HBIX OanmmakoB [4—06], ogHako uX YPPEKTUB-
HOCTh HE JOKa3aHa.

ABTOpamu paboThl [7] paccMOTpeHBI HENoCTar-
KU TIPUMEHEHHUS TOPMO3HBIX OalllMakoB Ha CTAHIUSX
KUTAWCKUX JKENE3HBIX OPOT, CBA3AaHHbIC C OCYIIECT-
BJICHHMEM WX YKIIQJKH ¥ KOHTPOJIS HAXOXKICHUS BPYY-
Hyto. llpennoixkeHa cucremMa MpeaoTBpaleHUs yXoaa
BaroHOB, OCHOBAaHHAsl HA UHTENJICKTYaIbHBIX TOPMO3-
HBIX OalliMaKax, OCHAICHHBIX IATYUKAMH U CUCTEMOM
MOHUTOPHHTA M YIPABJICHHUS, KOTOPas MOXKET OTCIie-
JKMBaTh COCTOSHHE TOPMO3HBIX OAaIlIMakoB B peallb-
HOM BpeMeHH. AHaIOTUYHbIC (YHKIMH BBITIOIHSET
YCTPOICTBO, pa3pabOTaHHOE JIATBUHCKUMU CIICIHa-
nucrtamiu [8, 9].

B crarbe [10] Ha ocHOBaHMHM aHaIM3a Pe3yibTa-
TOB IPOBEIECHHOW CEPUM MCIBITAHUH 10 3aKperuie-
HUIO KEJIE3HOAOPOXKHOTO MOABIXKHOTO COCTaBa TOp-
MO3HBIMH OaliMakaMM YCTaHOBJIEHA HEOOXOIUMOCTb
IepecMOTpa CyIIECTBYIOIINX HOPM ONPEICICHUS 110-

TpeOHOTO MX KOJIHUYECTBA. B CBSI3M ¢ 3TUM MMeEeTCs
HEOOXOAMMOCTh 0oJiee MOIPOOHOTO PACCMOTPEHHUS
IPOIIECCOB, COMPOBOXKIAIOIMINX B3aMMOJCHCTBUE KO-
JICCHBIX Tap C TOPMO3HBIMH OalIMakaMH IpU OCTa-
HOBKE U yAEp)KaHHM BarOHOB Ha IIEPETOHE.

PaznuuHBIME aBTOpaMH Ha OCHOBE KOMITBIOTEp-
HOTO MOJEIMPOBAHMSI paHEE BBIMIONHSINCH HCCIe-
noBaHus A(G(GEKTUBHOCTH BArOHHBIX TOPMO3HBIX
KOJOJIOK TIPH Pa3lUYHBbIX YCIOBHUSX AKCILIyaTalllH
[11, 12], a Taxke pacueTbl HaIPsKEHHO-Ae(HOopMHUpO-
BAaHHOTO COCTOSIHUSI JIEMEHTOB TOPMO3HBIX CHCTEM
[13-16]. OmHako KOMIBIOTEPHOE MOJCIUPOBAHUE
JMHAMHYECKOTO B3aMMOJCHCTBHUS KOJIEC C yCTaHOB-
JICHHBIMH Ha penbcax TOPMO3HBIMH OalllMakaMu He
BBITTOJTHSIIOCH.

Lenp mnpencraBieHHOW pabOThl 3aKIHOUAETCS
B aHaju3e APQPEKTUBHOCTH TOPMO3HBIX OAalIMaKOB
IpU Hae3lAe Ha HUX BaroHa € Y4ETOM BO3MOXKHBIX
pa3Iuyuil B CBOMCTBAX KOHTAKTa COMPHUKACAIOIINXCS
MOBEPXHOCTEH, KOTOPhIE UMUTHPYIOT peasbHbIC IKC-
IUTyaTallMOHHBIE YCIOBUSI.

B nporpammuom xommuiekce MSC.ADAMS BbI-
MOJTHEHO MOJICIIMPOBAHNE OCTAHOBKH BaroHa ¢ MpH-
MEHEHHEM TOPMO3HBIX OamMakoB. Mojenb mpea-
CTaBisgeT co0O0M KOJNECHYIO Mapy ¢ MaKCHMallbHOM
Harpy3koil Ha ocb, paBHOM 25 T. Penbchl pacnona-
rajuch TOPU3OHTAIBHO, ¢ YKIOHOM 1,5 %o (1:667)
U 2,5 %o (1:400). OcTaHOBKa 3TOH KOJIECHOW Maphbl
IPOU3BOAMIACE OJHUM (KaK 3TO MPOHCXOAWUT Ha
IPaKTHKE) U JIBYMSI TOPMO3HBIMH Oamrmakamu (pH-
CyHOK 1). MakcumasbHasi HadallbHas CKOPOCTh JIBH-
KEHMs KOoJlecHOHM mapbl coctaBimsiia 1 m/c. Takke

rooMRKER_44

Pucynok 1 — Mojesib K0JIeCHO# MAPDL, IBHAKYLIEHCS 10 PEJIbCAM € YCTAHOBJICHHBIM oHUM (a) u ABYMs (D) TOpMO3HBIME OamIMaKaMu
Figure 1 — Model of a wheelset moving on rails with one () and two (b) brake shoes installed
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IPOBOJWINCH PAacyeThl Al MOKOSIIErocs BaroHa,
T. €. IIPU OTCYTCTBHM HadyaJbHOW CKOPOCTH JBHKE-
Hus. IIpu 3TOM yuuThIBaJIMCh pa3jn4yHbIE CBONCTBA
MOBEPXHOCTH pelibca IMyTEeM M3MEHEHHUs IMapame-
TPOB KOHTAKTHOTO B3aUMOJICHCTBHSI MEXTy KOJIECOM
u pesnbcoM. Bee Tena npeactaBisiii co0oii TBepbIe
CIUIOIIHBIC OTHOPOJHBIC OOBEKTHI.

BoinonHens! pacdersl 17 KOJIECHOM maphl NpU
HEONaroNpHUsATHRIX YCJIOBHSIX: TOBEPXHOCTHh pPeEbca
3aMaclieHHas; KO3(D(UIMEHT TPEHUS CKOIBKECHUS
MUHUMaJEH U cocTaniseT 0,16; yKIOH CTaHIIMOHHBIX
nyTeit — 2,5 %o; HauanbHast CKOPOCTH ABMXKCHUS —
0,5 m/c. PesynbraThl pacuera (pUCYHOK 2) MOKa3aiy,
YTO MPUMEHEHHE OJHOTrO OalIMaka HE IO3BOJSCT
OCTAaHOBHTH BaroH, OH NPOAOJIKACT JBMKCHHUE BMe-
CT€ C TOPMO3SIINM €ro ycTpoiictBoM. CKOpOCTh Ie-
pEeMEIIeHUsT TIPU 3TOM CHIDKACTCS, HO TPOUCXOAUT
9TO TOCTATOYHO MEJICHHO.
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Pucynok 2 — Pe3yabTaThl pacyera cMelleHUsl 0aIIMAKOB
NpH ycTaHoBKe 0HOro (a) U ABYX (D) eMHHI HA PeJIbChI
NPHU caMBIX HeOJATONPHATHBIX YCIOBUAX ABIKEHHS BATOHA
Figure 2 — Results of calculating the displacement of shoes when
installing one («) and two (b) units on the rails under the most
unfavorable conditions of car movement
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Pucynok 3 — Pe3yabTaThl pacueTa CKOPOCTH OCH KoJleca
MPH YCTAHOBKe /IBYX 0AIIIMAKOB HA PeJIbChI
NpHU HeOIATONPHATHBIX YCJIOBHAX
Figure 3 — Results of calculating the speed of the wheel axle when
installing two shoes on rails under unfavorable conditions

[Ipu ncmoOnB30BaHMM TOPMO3HBIX OaIIMaKoOB
C JIByX CTOPOH OHH CMELIAIOTCS MpPU COYIapeHHUH
C KoJiecaMu Ha paccrostuure okoso 100 Mmm, mocie yero
KOJIECa OCTAKTCS MPAKTHYECKH B TTOKOE (PUCYHOK 3).
IIpu yBenuueHny HauyajabHON CKOPOCTH IBUYKEHMSI 1O
1 M/c MakcUMaJIbHOE CMeEIIEHUEe OalIMakoB COCTaB-
nseT 450 MM (pUCYHOK 4).

IIpu Tex ke ycinoBHsAX, HO IIPU CyXOH IOBEPXHO-
CTH penbca (KOI(PUIMEHT TPEHUS CKOJBKEHUS CO-
crapisieT 0,4) momy4eHsl pe3yabTaThl, TOKa3aHHbBIEC Ha
pucyHke 5. MakcuManbHOE CMEIIeHUE OaIlIMaKoB MPH
YCTaHOBKE Ha KaXKJIOM PEJIbCe COCTABHIIO OKOJIO 80 MM,
TIPH ATOM OallIMaK ¢ MPaBOi CTOPOHBI 1O X0y JIBHKE-
HUsI BaroHa cjieTes ¢ penbea (CM. pucyHok 5 b). U3
pPHUCYHKa 6 MOKHO YBHAETB, YTO MPU COMPHKOCHOBE-
HUU 000/1a KoJieca ¢ HaKJIaIKOM OalrMaka pOUCXOIUT

new_bashmak

550.0 .
500.0 f"‘“,"',i'-----;:--_l.._l...._

450.0 f |-

400.0 — b .__.__:,_ { —

350.0 4

= =.bashmak_2.CM_Position.X
300,04 :

250.0 11—

Length (mm)

200.0

{
|
150.0 i

100,04}

50.0 "
0.0 1.0 2.0 3.0 4.0 5.0 6.0

Analysis: Last_Run Time (sec) 2020-11-26 15:08:32

Pucynok 4 — PesyiabTaThl pacdyera cMelleHHUs
TOPMO3HBIX 0AIIMAKOB NMPH YCTAHOBKE MPH HEOJIarONpPUATHBIX
YCJIOBHSIX M IBHKEHHH CO CKOPOCTbIO 1 M/¢c
Figure 4 — Results of calculating the displacement
of brake shoes when installed under unfavorable conditions
and moving at a speed of 1 m/s
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Pucynok 5 — Pe3yabraThl pacyera cMellleHHs TIPABOTO 10 XOXY
ABHKeHHs 6ammaka (a) u AByX 6ammakos (D) npu Hae3xe Ha HUX
KOJIECHOIi mapbl co ckopocTbio 0,5 m/c
Figure 5 — Results of calculating the displacement
of the right shoe (@) in the course of movement and two shoes (b)
when a wheelset hits them at a speed of 0.5 m/s

Time (sec)

pe3Kkuil OTKaT Haszal, a 3aTeéM KOJIECO IMPAKTHUCCKU
CTOUT Ha MecTe (CMEIICHNE COCTABIISCT 10 6 MM).

BoinonHensl pacueTsl Uil KOJIECHOW Hapbl IpU
CIICITYIOIINX YCJIOBHUSX: TOBEPXHOCTh PEbca 3amac-
JIeHHAs; KOO(PPHUIMEHT TPEHUS CKOIBKEHUS MUHHMa-
nieH u coctanisiet 0,16; yKIOH CTAHIIMOHHBIX ITyTel —
0 %o; HavanpHas ckOpocTh jaBwxkeHus — 0,5 wm/c.
OnvH TOPMO3HOM OalIMak He CIpaBIISETCs C 3a/adeit
U OTIPOKHUJIBIBACTCS] MEHEE YeM 4epes | ¢ mocrie Haesna
Kojieca Ha Hero (PUCYHKH 7, 8).

Qlaxce pu ABUIKCHUU 110 TOPU3OHTAJIbHBIM PEJIb-
caM OJIMH OalMaKk He CIOCOOCH OKa3aTh yIepKUBAO-
I1ee BO3JCHCTBHUE, €CN OIWH U3 PEIbCOB CKOJB3KUIA,
a BTOpoil cyxoil. Topmo3HOI OamMak CMeIaeTcs
u crneraeT ¢ penbca (pucyHok 9). Konmecnas mapa
Ipyu 9TOM OCTAaHABJIMBACTCsA, HO IIPU Y4YETC CHJIbI,
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PucyHok 6 — Pe3yabTaThl pacueTa nepeMenieHusi 0CH KoJeca
HpH yCTaHOBKe 0aHOrO () 1 ABYX (D) GamMakoB Ha pelibebI
Figure 6 — Results of calculating the movement of the wheel axle
when installing one («) and two (b) shoes on rails

00yCJIOBICHHON HMHEPIMEH 3aKperuisieMoro CoCTapa,
B pEaJbHBIX YCIOBUSAX JBIKCHHE KOJIEC MOXKET IPO-
JOJKUTHCS.

Taxoke ObBUTM PAcCMOTPEHBI CIIydau yAEpsKaHHs
MTOKOAIIETOCS BaroHa Ha CTAHIIMOHHOM ITyTH, UMEIO-
meM ykiIoH 1,5 u 2,5 %o, oqHUM OarMakoM TpH yc-
JIOBHSIX OO€CTIeueHHsI MUHUMAIBHOTO TPEHHSI MEXKAY
KOJIECOM U PEIbCOM, a TaKXKe PEeIbCOM U OarMakoM
(cxomb3KUil penbe, KOAPQUIIHEHT TPEHHUsSI CKOJbKe-
HUS IPUHAT paBHBIM 0,16).

[Ipu yxnone 2,5 %o npu Haeszae Ha OalIMak Ko-
JIECO UCIIBITHIBACT KoJIeOaHNs B MJIOCKOCTH, MTOTIEPEY-
HOW HANpaBJICHUIO IBIKCHMS KOJIECHOW mapsl (pu-
cynku 10, 11).

[Ipu Hae3ne Ha TOPMO3HOM OamIMak KOJEco CHa-
yaja OTKAaThIBACTCsl Hazal, a 3aTeM BO3BPAIAETCS
U COBepIIaeT KonebaHus C aMIUIMTYIOHW, MEHbIIEeH
0,1 MM (pucyHok 12).
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Pucynok 7 — CkopocTh (CIIOIMIHAS JHHHSA) M KOOPAHHATA (IYHKTHP) TOPMO3HOI0 0alIMaKa HA FOPH30HTAILHOM IIYyTH
NPH Hae3/le HA Hero KoJIeCHOM mapbl BaroHa, ABHAKYIErocs o CKoJb3KHM peJibcaM ¢ HauaJbHoii ckopocTbio 0,5 M/c
Figure 7 — Speed (solid line) and the coordinate (dotted line) of the brake shoe on a horizontal track when a car wheelset
moving on slippery rails with an initial speed of 0.5 m/s hits it

Time= 15080 Frame=1503

Pucynok 8 — Pesyabrarhl pacyera Haes1a KOJIECHOH mapbl
HA OIMHOYHBIN 0alIMAK CNIPAaBA 110 X0y ABHKEHHsl BaroHa
JJIS CTy4asi CKOJIb3KHX Pe/ibCcoB
Figure 8 — Results of calculating the collision of a wheelset
on a single shoe on the right in the course of the car movement
for the case of slippery rails

Times 06790 Frame=0680

Pucynok 9 — PesyabTarhbl pacuera Haes1a KoJIeCHO mapbl
HA OIMHOYHBIH GalIMAK CNIPAaBA 110 X0y ABHKEHHsl BaroHa
JJIS CITy4asi OTHOTO CYXOT'0 H OTHOTO0 CKOJIb3KOTO0 PeJIbcoB
Figure 9 — Results of calculating the collision of a wheelset
on a single shoe on the right in the course of the car movement
for the case of one dry and one slippery rails

new_hashmak

35.0

3004—— 1=
l

25.0 +———1jt

—— bashmak_2.CM_Velocity.Maq

20.0 4

150 +——

Velocity (mmisec)

ool Ili
]‘\

ool ’[\'W‘fﬁ l\'ﬂlﬂﬁﬂnﬂr“llu .

3.0 4.0

Analysis: Last_Run

5.0

Time (sec)

9.0 10.0

2020-11-27 12:20:06

6.0

Pucynok 10 — CkopocTh eHTpa Macc 0anMaKka npHu yiep:KHBaHUH KOJIeCHOIi apbl HA CKOJIb3KHX PeJIbcax, HAXOASIINXCS Ha YKJI0He 2,5 %o
Figure 10 — Speed of the shoe center of mass when keeping the wheelset on slippery rails that are on a slope of 2.5 %o

W3menenue ykiona Ha 1,5 %o MpakTHYECKH HE Me-
HsIET CUTYaLUIO ISl CITydasi CKOJIb3KHX penbcoB. Ecnu
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e PENbChl CyXue (ANHAMUYCCKUH KOI((UITEHT Tpe-
Hus paBeH 0,4), To OJIMH TOPMO3HOM OalliMaK Mmo3BoJIsieT
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Pucynok 11 — Ilepememenne neHTpa Mace 6aliMaKka NpH yAep:KUBAHHH KOJECHOH Mapbl HA CKOJb3KHX Pesibcax B MIOCKOCTH,
nepneHIuKyJIAPHOIl HANPaBJIeHNI0 IBHKEHHUs KOJIECHOIi Taphl NPH yKJIoHe 2,5 %o
Figure 11 — Movement of the shoe center of mass while keeping the wheelset on slippery rails in a plane perpendicular
to the direction of wheelset movement at a slope of 2.5 %o
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Pucynox 12 — IlepemenieHue neHTpa Mace KoJjieca IpU Hae3Je HA TOPMO3HOM 0alIMaK U3 COCTOSIHUS NMOKOS
HA CKOJIb3KHUX PeJibCcax ¢ YKJIOHOM 2,5 %o
Figure 12 — Movement of the wheel center of mass when hitting the brake shoe from a state of rest on slippery rails with a slope of 2.5 %o

yAepKaTh TaKyI0 KOJIECHYIO Iapy, Py 3TOM HMeeT Me-
CTO ero cMereHue Ha 1,8 MM (pucyHok 13).

Taxum obGpa3om, pazpaboTaHHas KOMIIbIOTEpHAs
MOJICTTb  ITO3BOJIMJIA TPOAHANNU3UPOBaTh 3(p(EKTH,
HaOmomaeMble MPU Haesle KOJICCHOM Maphl BaroHa
Ha TOPMO3HOM Oamrmak. YCTaHOBJICHO, YTO MPH yCTa-
HOBKE OalllMakoB Ha CyXHE€ HE3aMAacCJICHHBIC PEIbCHI
BO3MOXKHO OOCCICUHTH yAep’KaHHE KaK KOJCCHOM
Mapel, TaK U COCTaBa MOe3/1a 0T HECAHKIIHOHUPOBAH-
HOI'0 ABHXXCHUA. B CJIydac 3HAaYUTCJIbHBIX YKJIIOHOB
IIpU pa3MEIICHUH BarOHOB Ha 3aMACJICHHBIX PEIbCcax
TOPMO3HBIE OAIlIMaKy HE BCEI/Ia CIIOCOOHBI YepKaTh
JKEJIC3HOMOPOXKHBII coCcTaB OT yxoma. Hammume Ta-
Kux (paKTopoB, Kak OOKOBas BETpOBas Harpys3ka, 00-

JICACHEHHE PEJIbCOB, U3HOLICHHOCTh U Ae(opMaIns
MOBEPXHOCTH KoJeca U TOPMO3HOTO OalliMaka, HOCUT
CTOXaCTUYECKUIl XapakTep W MOXKET YXYIIHUTh yc-
JIOBUS y/E€P)KaHUsI BarOHOB OT CKAaThIBaHUS 3a CUET
YMEHBIICHHSI IUTONI/I! KOHTAKTHOM TUIOIIAJIKH B CHC-
TeMax «KOJIEeCO — PEIbCy», «KOJIEeCO — TOPMO3HOM
OaMak» 1 «TOPMO3HOM OaIlIMaK — PENbCy, a TAKKE
YMEHBIICHHUS ANHAMHYECKOT0 K03 duItmenTa TpeHus
MEXKy CONPHKACAFOLIIMMHUCS MOBEpXHOCTIMH. [103-
TOMY TpeOyeTcsi MPUMEHSTh JIONIOJHUTEIBHBIC MEPBI
0 3aKPEeIICHUIO coCcTaBa Ha peibcax. [lomydeHHble
pe3yabTarthl MOTYT OBITh MCIIOJNIB30BaHbI MIPH COBEp-
HICHCTBOBAaHHU HOPM 3aKpEIICHHs MOJABHKHOIO CO-
CTaBa OT yXoJa.
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Pucynok 13 — Iepemenienne meHTpa Macc TOPMO3HOT0 OAIIMAaKa MPH Hae3/le HA Hero KoJIeCHOM mapbl,
JABHIKYILEHCS U3 COCTOSTHHS TIOKOSI 110 CYXHM PeJibeaM ¢ YKJIoHoM 1,5 %o
Figure 13 — Movement of the brake shoe center of mass when a wheelset hits it while moving from rest on dry rails with a slope of 1.5 %o

Criucok JIuTepaTypbl

1.

Jlyrosuos, M.H. IIpoexTupoBaHue Kene3H00POKHBIX CTAaHIIUI
u y310B: yue6. nocoodue st By3os / M.H. Jlyrosuos, B.5. He-
rpeit, B.A. [Togkonae. — T'omenb: benl YT, 2004. — 159 c.
ALDON Company Inc. [Electronic resource]. — Mode of access:
https://www.aldonco.com/PDFs/Catalog%202019/Catalog-
2019-29-web.pdf. — Date of access: 20.06.2021.

Safetrack Baavhammar AB. [Electronic resource]. — Mode
of access: https://www.safetrack.se/images/user/safetrack-
catalogue.pdf. — Date of access: 20.06.2021.

Topmo3HO# OamMak ¢ (QPUKLIHOHHBIMU DJIEMEHTAMHU: IIaT.
RU 202936 / M.®. Kanyctbsiz, A.B. O6pbiBamuH. — Omyo0i.
15.03.2021. — 7 c.

Topmosnoit 6ammak: mat. RU 2345922 C1 / W.II. Crapos,
A.B. Hukonaes, B.S1. Bepenr, E.P. llIneiinepman, A.C. babui,
I'B. Top6ynoB. — Omy6u. 10.02.2009. — 6 c.

Friction rail skate: pat US 8567571 / S.E. Neff, J.L. Lockridge,
W.M. Scott. — Publ. date: 29.10.2013. — 21 p.

Anti-Runaway Prevention System with Wireless Sensors for
Intelligent Track Skates at Railway Stations / C. Jiang [et al] //
Sensors. — 2017. — Vol. 17, iss. 12. — 12 p. — DOI: https://
doi.org/10.3390/s17122955.

Fastening Device of the Railway Rolling Stock / A. Pinchuk
[et al.] // ICTE in Transportation and Logistics. — 2019. —
Pp. 211-217.

Pinchuk, A. Improved rolling system of railway stock on brake
shoe / A. Pinchuk [et al.] // Procedia Computer Science. —
2019. — Vol. 149. — Pp. 258-263.

Kozauenko, [I.M. IIpoGiemun 3aKpirieHHsT pyXOMOTO CKJIAIy Ha
Komisix 3amisHu4HKUX craHuii / JI.M. Kosadenko // 3amizHudnuit
Tpancnopt Ykpaiau. — 2013. — Bum. 3/4 (100/101). — C. 69-73.
Modeling and analysis of wag7 locomotive brake hanger /
P.N.V. Balasubramanyam [et al.] / International Journal of Pure and
Applied Mathematics. — 2017. — Vol. 116, no. 6. — Pp. 173-177.
Wau, Q. Train braking simulation with wheel-rail adhesion model /
Q. Wu, C. Cole, M. Spiryagin // Vehicle system dynamics. —
2020. — Vol. 58, no. 8. — Pp. 1226-1241. — DOI: https://doi.or
2/10.1080/00423114.2019.1645342.

YebaxoB, M.U. Pacdyer TemmeparypHBIX TMOJICH TPHA B3aWMOJICH-
CTBUM TOPMO3HO# KOJIOJKH U HKEJI€3HOLOPOKHOTO KOJIECa Ha OCHO-
Be Tepmoynpyroi Monerm / M. Uebaxko, A.A. Jlsmin, 1.B. Ko-
necuukos // Bectn. PI'YTIC. —2013. — Ne 2(50). — C. 76-79.
Gopinath, G. Analysis of redesigned brake shoe / G. Gopinath,
P. Murali // Materials Today: Proceedings. — 2020. — Vol. 22. —
Pp. 507-513.— DOI: https://doi.org/10.1016/j.matpr.2019.08.105.
umanoBcknii, A.O. W3MeHeHHe HanpshkeHHO-Ae(hOpMUPO-
BAHHOTO COCTOSIHUSI 3JIEMEHTOB JIHCKOBOTO TOPMO3a IIPH TOPMO-
wennn / A.O. lumanosckuii, O.A. Cyxanosa // CoBpeMeHHbIE
texHosornd. CucTeMHbli aHamu3. Monenuposanue. — 2020. —
Ne 4(68). — C. 58-64. — DOI: https://doi.org/10.26731/1813-
9108.2020.4(68).58-64.

Study of the influence of the brake shoe temperature and wheel
tread on braking effectiveness / P. Ivanov [et al.] // Journal of
Physics: Conference Series. — 2020. — Vol. 1614, iss. 1. — DOI:
https://doi.org/10.1088/1742-6596/1614/1/012086.

SHIMANOVSKY Alexandr O., D. Sc. in Eng., Prof.

Head of the Department “Technical Physics and Theoretical Mechanics™
E-mail: tm.belsut@gmail.com

KUZNIATSOVA Marina G., Ph. D. in Eng., Assoc. Prof.

Associate Professor of the Department “Technical Physics and Theoretical Mechanics”

E-mail: marina-kuzn@mail.ru

DZEMYANCHUK Volha U.

Student of the Faculty “Management of Transportation Processes™

E-mail: olga.demyanchuk.98@mail.ru

1

"Belarusian State University of Transport, Gomel, Republic of Belarus

54

Received 05 October 2021.



KOMIIbIOTEPHAA MEXAHHUKA

COMPUTER MODELING OF INTERACTION DYNAMICS OF THE RAILWAY
CAR WHEELSET WITH BRAKING SHOES

DOI: https://doi.org/10.46864/1995-0470-2021-4-57-48-55

The paper considers the problem of keeping cars from rolling away on station railway tracks with a permis-
sible slope of 0—2.5 %o. The study presents the computer simulation results for the dynamic interaction of
wheels with brake shoes installed on rails in the process of stopping a freight train car using standard brake
shoes in the MSC.ADAMS engineering software package. In this case, various properties of the rail surface
were taken into account, simulating favorable and unfavorable conditions for contact between the wheel,
brake shoe and rail at braking due to both weather conditions and the peculiarities of station tracks loca-
tion and operation. The interaction of the car wheels with the maximum axle load and the station brake
shoes installed on the rails was studied at different initial velocities of the vehicle movement, as well as
when it is at rest on tracks with the permissible slope under the conditions of ensuring the minimum friction
between the wheel and the rail, as well as the interaction of rail and shoe was analyzed, which corresponds
to the presence of the train on oily rails. It is demonstrated that it is not always possible for one brake shoe
put on the oily rail to hold the train moving with the initial velocity more than 0.5 m/sec. Under other condi-
tions of the wheel-brake shoe collision, the problem of keeping the train on the rails is also possible, due to
such random factors as lateral wind load, rail icing, wear and deformation of the wheel surface and brake

shoe, which reduce the dynamic friction coefficient between the contacting surfaces.

Keywords: brake shoe, rail surface, computer simulation, wheelset, MSC.ADAMS
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