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TECTUPOBAHUE PABPABOTAHHOI MOJIEJIN B3AUMOJENCTBUS KOJIECHOMN
IAPBI C PEJIbCOBOM KOJIEEIN

B cmamve onucan npoyecc nposepxu na adexeamnocms pazpabomannou asmopamu mooenu [2]
e3aumooeticmeuss KII ¢ penvcosoil xoneeil. /s npoeepku UCNONb308aNUCH MAHYECTNEPCKUE
KOHMAKMHble mecmyl U MaH4ecmepcKue mecmol OUHAMuru. Taxoice pe3yivsmanvl MOOEIUPOBAHUSL
CPABHUBANUCL C IKCNEPUMEHMATbHLIMU OaHHbIMU. [Ipugedenvl cpagHumenbHble pe3yibmanvl
MOOeUPosanuss KOHMAKMHO20 63AUMOOCLICMEUsL KOJIeCa C PebCoOM U MOOENUPOBAHUS OUHAMUKU
PebCo6o20  IKUNAdICA, NOTYYeHHble NpU  UCHOAb308aHuu modenu [2] u Opyeux Haubonee
PACHPOCMPAHEHHbIX MOOeAell CYSNIeHUSL.

Knrouegvie cnosa: MandecmepcKkue mecmoul, KOHmaxkm «Kojieco - penvey, ()MHQMMKG, Kpueas cyenjienusl,

AKTyaJbHOCTH HcciaenoBanusi. Pa3pabotano 00bIoe KOJIMYECTBO MOJENEH KOHTAKTHOI'O B3aUMOJIEHCTBHS
«xoneco—pennsey [1]. Bce oHM MCMONB3YIOT T€ WK MHBIE yHpolnarome nonymieHus. Kak pe3yiapTar, kKaxaas MoJelb
HMeEET TIpeJiesl JIOCTOBEPHOCTH U OTpPaHWYEHUs 110 €€ IPUMEHEHUI0. BIusiHue 3THX yIpOIIeHni He BCeria 3aMeTHO IS
KOHEYHOI'0 NoNb30Barelsi. [IpuueM ecTb BEpOSITHOCTH TOTO, YTO B TOM HJIM WHOM IPOIPaMMHOM IaKeTe UCIIONb3YIOTCS
MOJIEITH, BBIXOJISIIIIUE 338 PAMKH UX U3HAYaJIbHOU TOCTOBEPHOCTH.

IMocTanoBka 3agaun. MoXXHO BBHIJIENIUTH JBa HanOoJee MOMYISIPHBIX MOJX0/a POBEPKU MOJIENH CLIETUICHHS
Ha aJIeKBaTHOCTh. [Ipy mepBoM 1moxxoie IpOU3BOIUTCS CPAaBHEHHE MTOTYIEHHBIX PE3YJIbTATOB C AKCIIEPUMEHTAILHBIMU
JMaHHBIMU. OJTHAKO KOHKPETHYIO CHTYAI[HIO 3a4acTyI0 TSDKEJIO MPOMOJIEIUPOBATh TEOPETUYECKH U3 — 33 HENOCTaTKa
JIAaHHBIX 00 aKcriepuMeHTe. [109TOMY anbTepHAaTUBOU SIBISIETCS TMOAXOM, NMPH KOTOPOM MEXIY COOOH CpaBHHMBAIOTCS
TEOpPETHYECKHE PE3YNbTAThl, IOJyYaeMbIX NPH HCIOJIb30BAHUM PA3IMYHBIX MOJEJel NPH OJMHAKOBBIX HCXOJHBIX
naHHbIX. Ha ceromusimHuii neHp oOIIENpU3HAHHBIM 3TaJOHOM IIPH JaHHOM IOAXOAE CTald MaH4YECTEPCKHE TECTHI
KOHTaKTHOT'O B3aUMOJIEHCTBHS KOJIeca U Pebca U MAHYeCTEPCKUE TECTHI TUHAMHUKH.

Hean craTbu. Lenbio aHHOW CTAaThH SBISETCS MPOBEPKAa MOJENH CIETUICHNUS, IPECTABICHHON B padote [2],
C TIOMOUIBIO PA3TUYHBIX METOANK.

PesynbraTel ucciaenoBanmii. Iloapasnencaue JKenesHomopokHoro TpaHcmopta Manchester Metropolitan
University (MMU) pa3pabotaino tect s onpezaeicHus 3G (GEeKTUBHOCTH TCOPETHUSCKUX MOJCICH KOHTaKTa «KOJIeCo-
penbC», MCIONB3YEMBIX B HACTOSIEE BpeMs Uil MOAEIMPOBAHMS ABIKEHUs MOIBMKHOTO cocraBa [3]. KoHewnoii
LENbIO TECTa SIBJSIETCS MPEAOCTaBJICHHUE IOJIb30BATEII0 OCO3HAHHOTO BHIOOpPA MEXAY KOHTAKTHBIMU MOJEISIMH IS
KOHKPETHON MOJIETUPYEMOM CUTYaIIUH.

Crpykrypa Tecta mpezcraBiena Ha puc.l. Kak BUIHO U3 prCyHKa NpeIoKeHO JBa pa3In4HbIX Tecta. BapuaHT
A (Case A) mpemycMaTpuBaeT HCCIEIOBaHHE KOHTAKTa €IMHUYHOM KOJECHOH mapbl C peiabcaMd TP 3adaHHBIX
ycnoBusx aBwkenus. Bapuant B (Case B) — MonenpoBaHue IBMKEHHSI TPAHCIIOPTHOT'O CpeCTBa (TPY30BOI0 BaroHa ¢
JIBYMSI ZIBYXOCHBIMH TEJIEKKAMH), TIPH KOTOPOM OYJIIET OLEHUBAThCSl €ro AMHAMUYECKOoe roBeaeHue. [laHHbIil BapuaHT
TecTa HaXOJUTCS B CTaIH Pa3paOOTKH.

BapuaHnr Tecta A mpexycMaTpuBaeT pa3zienbHoe penieHne HopManbHoH (A-1) 1 kacaTenbHOH (A-2) KOHTaKTHBIX
3amad. B cBoro ouepenp, Bapuant Tecra A-1 nenutcd Ha nBa moasapuaHTa A-1.1 u A-1.2, kxoropsle pa3nuyaroTcs
Ha0OpOM 3aJlaBaeMbIX IIapaMETPOB.

[Mocne pa3paboOTKM KOHEYHOrO BapHaHTa creluduKanyy BapuaHTa TecTa A TpUIIIANICHHE IS Y4acTUsl B HEM
HaXOJIMJIOCh B OTKPHITOM joctyne B TedeHue 2006 rona. B urore paspadorurku 10 nmporpaMMHBIX MAKETOB M3bSBUIIN
TOTOBHOCTh TPHUHATH YYacTHe B TECTHPOBaHMM. B Tabn. 1 mpencraBieHbl cBeieHHs 00 y4acTHHKax TecTa M
CpaBHHTENBHBIE JaHHBIE O MPUMEHSIEMBIX METO/IaX PElICHNs] HOPMAJILHOM U TaHTeHIIMAIbHOW 3a1a4H.

Pe3ynbTaThl TECTHPOBAHUS Tl BApHAHTOB Tecta A-1 1 A-2 mpencTaBiieHbl B padote [3].

[TockonbKy JaHHBINA TeCT sIBIsieTCs] PAaKTUUECKHM CTaHAApPTOM, TO PEHIEHO ObUIO MPOTECTUPOBATH ONHCAHHYIO
Bhine Mozens VDEUNU CONTACT nyrem cpaBHeHHE ¢ pe3yabTaTaMu, npeacTaBieHHbIME B [3]. K coxanenuto, mo
YCIOBHIO TecTa A-2 CKOJIBKEHHE SIBJISIETCS BBIXOAHBIM IapaMeTpoM, a B paspaboranHoi momean VDEUNU
CONTACT - BxomubsiM. B cBsI3u ¢ 3THUM, MPOXOXKJICHUE TecTa A-2 He MPEACTaBIAETCS] BOZMOXKHBIM. AJIEKBATHOCTD
mozern VDEUNU CONTACT B yactu pelieHust KacaTeJIbHOH 3a7a4y OPEIesuIach IPYTHM CIIOCOOOM.



KonTakTHEIN TecT

Bapuant A Bapuant B
KoHTakT eIMHUYHON KOJECHOH MoznenupoBaHue JIBIDKEHHS]
[apbI C pelIbcaMu [py30BOrO BaroHa ¢ JBYyMS]
IBYXOCHBIMH TEJIEKKaMH

[ 1
Bapuanr A-1 Bapuant A-2
HopmanbHas 3a1ada KacartenpHas 3a1aua

Bapuanr A-1.1
3amaercst 6oxoBoi orHoc KIIT

Bapuant A-1.2
3amaercs koMOMHaIysl OOKOBOTro OTHOCA | yriia BuistHus KIT.

Puc.1. Ctpykrypa MaH4ECTEPCKOTrO KOHTaKTHOI'O TECTA.

Tab6nuna. 1
CBojHast TabJIMI[a METOOB PEIICHNS HOPMAJIBHON M TAHT'€HIMATBHOMN 3a/1a4H, UCITOIb3YEMBIX IPOrpaMMaMu-
YYaCTHHUIIAMH TECTA.

[Iporpamma Crpana Meron pelieHus HopMaJIbHOM Meron peuieHus
3aJ1auu TaHTeHIMaJIbHON 3a/1a41
CONPOL Uranus Teopus 'epua [Iporpamma FASTSIM
Kankepa
CONTACT PC92 Kurait CHayana paccunTbiBasicst | Monudukanys HporpaMmbl
HavaJIbHBIN 3a3op, 3atreM | CONTACT Kankepa
HCIIOJIb30BAJICS MOJIYJb
HETepIIeBCKOrO KOHTaKTa
nporpammsl CONTACT Kankepa
DYNARAIL CIIIA Teopus I'epua u Herepuesckuil | [Iporpamma USETAB
KOHTAKT Kankepa
GENSYS [IBerus Meron SKBHUBaJIEHTHBIX | [Iporpamma FASTSIM
KOHTaKTHBIX AJIJITUIICOB Kanxkepa
LaGer CrnoBaxus IIporpamma CONTACT Kankepa | IIporpamma CONTACT
Kankepa
OCREC OpaH1ys Herepuesckuit Mopaudukanust mporpaMmmsl
FASTSIM Kankepa
NUCARS CIIOA Herepuenckuii CnpaBo4HbIE TaOJIUIBI
paccunuTaHHBIE C TOMOIIBIO
IIPOrpamMMBbl Kankepa
DUVOROL
TDS CONTACT Wranus Teopus 'epua [Iporpamma FASTSIM
Kankepa
VAMPIRE CIIIA Teopus 'epua HenuueiHplid, OCHOBaHHBIH
Ha 3apaHee pPaCCYMTAHHBIX
CIPaBOYHBIX TabIHUIax
Kankepa
VOCOLIN OpaH1ys [onyreprieBckuii Mopaudukanust mporpaMmmsl
FASTSIM Kankepa

Ycnosus npoeedenuss mecma A. Pamuyc xpyra kaTaHus koyeca paBeH 460 MM Ha pacctosHum 70 MM OT
BHEIIHEH CTOpOHBI rpedHs (puc.2,a). Illupuna konen paBHa 1435MM U m3Mepsiercst Ha 14 MM HH)KE TOPU3OHTAIILHON
IUTIOCKOCTH, KOTOpas IPOXOAMWT 4epe3 BEpIIMHBI T'OJOBOK penbcoB. PaccTosHue Mexnay konecamu 1360 M.
BeprukanbHasi Harpy3ka Ha OCh IPHJIOKEHA IO IEHTPY OocH. Bec KojeCHOW Mapbl BXOJHUT B BEPTUKAIBHYIO HATPY3KY
(puc.2,0). Bo Bcex ciyuasx MOgyKIOHKa penbca mpuHsATa paBHOM 1:40. KomOunaimum npoduneil koneca, penbca u
BEPTUKAJILHOW HAarpy3KH CBEJIEHHI B Ta0JI.2, a caMu MPOQHIN U300paKeHbI Ha puc.3.
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Puc.2 TlonoxeHue IIeHTpa Kpyra KaTaHHs Ha JEBOM Kojece (@) ¥ apaMeTpbl PelIbCOBOI KOJIeH, KOJIECHOH Maphl 1
BEPTHUKAIBHOI Harpy3ku (0).

Tabmura 2.
Komb6unarmu npoduseit koieca, pelbca U BepTUKATBHON HATPY3KH.

Ne Ipocuns Harpy3xka, kH
Komneca Pennca
1. Hosgiit S1002 Hosgriit UIC60 20
2. Hosgiit S1002 Hosgriit UIC60 200
3. Mznomennsii S1002 Mznomennsii UIC60 20
4. Mznomennsii S1002 Mznomennsii UIC60 200
o 40 20 20 40 60 o 0 /nfr 20 20 40 60 o
a) 0)
B) T)

Puc.3. [Ipodunu moBepxHOCTEH KOJIEC M PEIbCOB, UCIIONB3yEMbIE IPHU MTPOBEJCHUH TecTa: (a) - HoBbIA S1002;
(0) - m3nommennsiit S1002; () - HoBwId UIC60; (1) - usnomenusiii UIC60.

s Bapuanta tecra A-1.1 3amaercst 6okoBoii otHoc KIT B muanazone ot 0 1o +10 MM ¢ uakpemenToM 0.5 MM.
s Bapuanta A-1.2 pacnonoxenue KII 3amaercst komOuHaIueil 00KOBOro oTHOCa W yriia BUISHHA. BokoBO#l oTHOC
m3menstercs 0 mo +10 MM ¢ uHKpementoMm 0.5 MM, a yroia BWISHHUA (BEIMYMHA KOTOPOrO ONpeAeslach NpSMO
HPOIOPIMOHAIBHO OOKOBOMY OTHOCY ¢ Ko3(¢duuueHTOM nponopuuoHaibHocTd 2.4) Bo3pactan oT 0 1o 24 mMpan c
uHKpeMeHToM 1.2 Mpap. J{ns kaxaoro coueraHus napaMeTpoB (KoMOMHaIUK Ipoduiell koiaeca, penbca, BepTHKAIbHOU
Harpy3Kku, IONEpeYyHOro OTHOCA M yIJla BIWISHMA) pellanach HOpMaibHas KOHTAKTHas 3a[a4a, BBIXOJHBIE apaMeTpsl
KOTOpOH NpHBEAEHBI B Ta01.3.



Tabmura 3.
BrixoHble mapamerpsl i Tecta A-1

IMapametp Enunnnsr IIpumeuanne
H3MepeHust

[Monoxenne TOYKH | MM [lonoxxeHne TOYKKM HAYaIBHOTO KAcCaHUs JUIs

HAYaJIbHOTO KacaHusl. Ka)XJIOTO 3Ha4eHUss OOKOBOTO OTHOCA W YyIja
BwisHuA. [lonokeHne ykasblBaeTcs ISl KasKAOTo
KoJieca M peiibca B CBS3aHHBIX C HUMH CHCTEMax
KOOpJIMHAT.

[Monoxenne MM B ciydae IBYXTOYEYHOrO0 KOHTaKTa — IOJOKEHHE

JIOTIOTHUTENBHBIX BTOPO# TOYKH HAYaJHHOI'O KOHTAKTa B CBSI3aHHBIX C

TOYEK HayvaIbHOTO HUMU CHCTEMaX KOOPJIUHAT KoJieca U pelibca.

KacaHusl.

VYron HaKJIOHa | Tpaj Ompenensiercss B KaXJIOW TOUKE HavyaJIbHOTO

HOpPMalnu B  TOYKe KacaHus JUIs KaXJI0ro Kojeca.

HAYaJILHOTO KacaHusl

Paznuna pamuycoB | MM OmnpeneneHa Kak pasHUIA JIEBOTO U IPaBOro

KaTaHusl. pazuyca KpyroB KaueHHsl.

IInomans [ATHA | MM’

KOHTaKTa.

dopma MSATHA Ecnu snmuntuueckas, TO OTHOIIEHHE IOIYyOCeH,

KOHTaKTa. eciu HEdJUTUIITHYEeCKast - rpaguyeckoe
n300pakeHue.

Pacnpenenenue ITa Ecnmn  mompasymeBaercs  3JUIMOTHYECKas — WIH

HOPMAaJIbHBIX KBajgpaTu4yHas ¢opma, TO (dopMyna, UHaye

HaTPSHKCHUT. MIPEOCTABUTH TpadhUuecKoe U300paKeHNUE.

Bpemst  BblumcneHuit | ¢ Bpemsi HeoOxoaumoe UIsl TTONYyYEeHUs AaHHBIX JUIs

st 1000 3amyckos. KaXJIOro ciy4as W I KaKIOH KOMOMHAIMH
TIOBEPXHOCTEH KOJIECO-PEIbC.

Crienmduxanms Kpatkoe  ommcanue — ammapaTHBIX — CPEICTB

KOMITBIOTEPA. KOMITBIOTEpA: THUIT nporieccopa, 00beM
OIlepaTHBHOW MaMSsTH U T.JI.

B pabore [3] npencraBiensl pe3ynabrathl TecToB A-1.1 W A-1.2 a1t HOBBIX mpoduiei Koieca W penbca C
Harpy3kod Ha ock paBHOM 20 kH (puc. 5-8). Ha rpadukax kxaxaoil mporpamMme B COOTBETCTBHE ObUI IOCTaBJIECH
MOCTOSIHHBIA YHUKAJbHBIA THUIT JIMHAW M Mapkepa (cM. puc. 4). CruiomHod nuHueH Oe3 MapkepoB HauepuyeH
COOTBETCTBYIOIIMH NPOQUIIL KoJieca WU pesbea.

% TDS Contact £~ CONPOL 1 = CONTACT PCO2
LY NARAIL & GENSYS O - LaGer
NUCARS s QCREC 1 WAMPIRE

0= VOCOLIN - Ref profile —@— NDEUNU CONTACT

Puc. 4. Tun 1uHuu 1 Mapkepa, aCCOLIMUPOBAHHBIE C KOHKPETHOW MPOrpaMMOH.

Ha puc. puc.5 u puc. 6 mpuBeaeHbl 3aBUCUMOCTH PaCIOIOKEHHS TOYEK HAYAIBHOTO KacaHHs OT OOKOBOTO
otHoca. Kak BUIHO U3 pHUCYHKOB MakCUMaJbHAsl pa3HHIA B KOOPJIMHATAX TOUYEK HayallbHOrO KacaHusi coctaBmia 11,3
MM npu 6okoBoM oTHOce 0 MM. CTOJb CyIleCTBEHHAs! Pa3HHUIIA MOXKET OKa3aTh 3HAUYUTEIBHOE BIMSHHUE HA PE3YJIbTaThI
MOJICTIMPOBAHMSl JUHAMHKU ITOABIKHOTrO cocraBa. [Ipu GokoBom orHoce 5 MM mporpammbel NUCARS m OCREC
ONpeIEAIOT ABYXTOYEUHBIH KOHTAKT (1iepBask KOHTAKTHAs TOUKAa MMEET KOOPAUHATY ) = -24 MM, BTOpas Touka ) =-34

MM B CHCTEME KOOPJUHAT NPAaBOr0 Pejbca), B TO BPeMsl KaK OCTaJbHBIE HPOrPaMMBl ONPEIEISIFOT OJHOTOYEUHBIN
KOHTAKT ¢ KOOpAUHATOH ) =-34 MM.

Ha puc. 7 npencraBieHa 3aBUCHMOCTb Pa3HHUIBI PaglycOB KPYroB KaTaHHs JIEBOTO U IIPAaBOro Kojieca OT
O6okoBoro orHoca. M3 pucynka BumHo, uto mporpaMMa NUCARS paccuuteiBaeT pasHHIly pajnycoB KaTaHus,
HCMONb3ys NEPBYI0 U3 MOITYYEHHBIX TOYEK HadaJlbHOro KacaHusd. IIpM HCIONB30BaHMM BTOPOM TOYKU pPE3YNIbTAT
MPaKTHYECKU COBMaJall Obl C OCTaJIbHBIMHU.
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Puc.5. 3aBUCHMOCTB pacrionoKeHUs TOYEK Ha4aIbHOTO KacaHHsl 0T OOKOBOr0 OTHOCA Ha JIEBOM (a) U rpaBoM (0) perbce.
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Prc.6. 3aBUCHMOCTB pacIoNoXKeHUsI TOUSK HadyaJIbHOTO KacaHus OT OOKOBOI'O OTHOCA Ha JIeBoM (@) 1 IpaBoM (0) kosece.
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Puc.7. 3aBHCHMOCTD PpasHulbl painyCoOB KPYIroB KaTaHU: JIEBOI'O U IIPABOI'o KoJIECa OT OOKOBOI'0 OTHOCA.

MO)XHO OTMETHUTH JIBa Pa3JIMYHBIX TPEH/A B ONPE/EICHNH YIia HAKIIOHA HOPMaJIU B TOYKE HAYaJIbHOTO KacaHUs
OTHOCHTEJIFHO BEPTHKAJIBHON OCU JUIs JICBOM maphl «koseco-penbey (puc. 8). I[Iporpammer LaGer, CONTACT PC92
oTHOCATCA K ogHOoMY TpeHay (puc.8). CONPOL, GENSYS, NUCARS, VAMPIRE, VDEUNU CONTACT k apyromy.
Paznuna tpennoB oowsicHsercs TeM, uto LaGer 1 CONTACT PC92 ucnone3yror [uisi pacdeToB CUCTEMY KOOp/AWHAT,
CBSA3aHHYIO C KOJIECHOM mapoii, a He penbcoBoit konee. VOCOLIN neMoHCTpUpyeT pe3yiabTaThl, He MpUHAAIeKaIIle
HH K OIHOMY M3 TPeHIOB. JTa o0bsicHseTcs TeM, uTo VOCOLIN He y4uuThIBaeT M3MEHEHHE yria OOKOBOW KayKd MpHU

IIOMCKEC TOUYCK HAYAJIbHOI'O KaCaHUs.
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Puc.8. Yron HakiioHa HOpMaJIHM B TOYKE HAYAIEHOTO KaCaHWsI OTHOCHTEIIFHO BEPTHKAIBLHOW OCH JUIS JIeBOit (a) 1 mpaBoi (0)
TIapbl «KOJIECO PEIBCY.

AHanu3upys 3aBUCHMOCTH, TIPEJICTABIICHHBIE HA PHC.5-8 MOXHO CIeNaTh BBIBOJ, YTO PE3yNbTAThI, MOJTY4YECHHbIE
B mporpamme VDEUNU CONTACT mnpakTHuecKd COBHAJAIOT C pe3yJlbTaTaMM, IOKa3aHHBIMU MpOrpaMMaMH
CONPOL, NUCARS u TDS CONTACT. D70 00BsSICHSETCS TEM, UTO B IIPOrpaMMax peau3yloTcsl CX0KHE aJrOpUTMbI
MOMCKA TOYEK HAYaJIbHOTO KACaHUsL.

Pasmep u ¢opma msTHa KOHTaKTa SIBISIOTCS BaKHBIMH (pakTOpaMu, BIHMSIONIMM Ha CLEIUIEHHE, W3HOC U
KOHTaKTHYIO MPOYHOCTh MpH KaueHud. Ha puc. 9-10 mpuBeneHbl 3aBUCHUMOCTH TUIOMIA KOHTAKTa OT IONEPEYHOr0
otHoca. V3 pHCYHKOB BWHO, YTO IO BBIOOpa 3a30pa B PEJIbCOBOM KoJiee pe3yNbTaThbl, MONyYaeMble B Pa3iIMYHBIX
mporpamMmax, MNpHONIU3UTENILHO COBMAnaroT. Ilpu BeIOOpe 3a30pa (OOKOBOM OTHOC Oonbplie 6 MM) pa3HHIA B



pe3yapTaTax CoCTaByIsIeT 0 YeThipeX pa3 (cM. puc. 11). [IpuuuHOil 3TOro SBIACTCS KaK Pa3Indus B METOAMKAX ITOUCKA
TOYEK HauaJbHOTO KacaHus, TaK U pa3indie B METOJUKAX PElIeHHs] HOPMaJIbHOM 3aa4uu.
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Puc. 9. 3aBUCHMOCTb IUIONIA M KOHTAKTA OT IIOMEPEYHOro OTHOCA ISl JIEBOM () ¥ MpaBoii (6) mapbl «KOJIECO - PEIIbey.

FIrmiTs sosTnrTs [uie]

Bemchormce i)
Puc. 10. 3aBUCHMOCTS ILIONIAH KOHTAKTA OT MOMEPEYHOro OTHOCA JIS TIPABOM MAphl «KOJIECO - PEIHE»
(meTamu3upoBaHHAs 00JIACTD).

Ha puc. 11 u npuBenensl gopma 1 pazMep IIsSITHA KOHTAKTa MPABOH IMapbl «KOJIECO-PETbC» MPH  3HAYCHHSX
O6okoBoro orHoca 0 MM. M3 pHCYHKOB BHIHO, YTO B 3aBHCHMOCTH OT HCIIOJB3yeMOTO  ajlrOpUTMa pEIlIeHUs
HOpPMaJbHOM KOHTaKTHOM 3ajayn HaOmomaercss Oojbllias pa3HUIAa B pe3ylbTaraX. B CBsi3W, C STHM BO3HHKIA
HE00XOMUMOCTh CpaBHUTH mnonydaemble B mporpaMmMe VDEUNU CONTACT pe3yabTaThl ¢ 3KCHEPHUMEHTAIBHBIMU
JTAaHHBIMU. J[JIs1 3TOr0 MCIONIB30BANIUCH PE3YJIbTATHI, ITONTyYeHHbIE B paboTax [4,5].
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Puc. 11. ®opma u pazmep IsATHA KOHTAKTA IS IIPABOM Maphl KKOJIECO- PEIbey Mpu 00KOBOM oTHOce 0 MM

DKCIepUMEeHTabHASL YCTAHOBKA YIBTPa3BYKOBOTO OIPENENCHUS I[MapaMeTPOB KOHTAKTa «KOJIECO-PEbey
moka3aHa Ha puc.12. OHa COCTOHT U3 YIBTPa3BYKOBOTO Mpeodpa3oBates, yIbTPa3ByKOBOIO reHepaTopa — MpUeMHHKa
(UPR), ocrmmnorpada, ymnpasisromniero [1K, Tabmuibl ckanupoBaHus (3a1aeT IIard 1o KOOpAWHATAM X, ) ) M CHJIOBOM

yCcTaHOBKH. J[J1s1 poBeNeHMs SKCIIEPUMEHTOB HCIIONB30BAJIKMCh JIBE Maphl KOJEC M PEIbCOB: ¢ HOBBIMH MPOQUISIMH,
M3TOTOBJICHHBIMH B (DaOPUYHBIX YCIOBHUAX, U CHJIBLHO U3HOIICHHBIC B AKCIUTYaTaluu. [Ipoduin Kojiec U pelibcoB ObLTH
onudpoBaHsl ¢ HoMmolipio npodmwiomerpa MiniProf u npezacrasiensl Ha puc.13. M3 koimec U peabcoB BHIPE3ajkCh
obpasmpl (cM. puc.12). OOpasen penbca KpemuTcs K BEpXHEH IUTUTE, a oOpasen koieca — K HibkHeid. OOpasis
pacroyiararoTcsi OTHOCHTEIBHO IPYT Apyra B TOH K€ MO3MIUHM, YTO W B OSKCIUIYaTallMOHHBIX YCIOBHAX. Jlns
obecrieueHnsl 3TOr0 YCJIOBHMsI Ha HIDKHEH IUMTe ObLIa HauepuyeHa CeTKa, KOTOopas HCIIONb30Bajach IS 3aJaHus
OOKOBOI'O OTHOCAa M yIJIa BWIAHUA Kojieca. CHJIOBas YCTaHOBKA COCTOUT M3 BEPXHEH HEMOJBIDKHOW IUTUTHI U
nepemMelnaomeiics HwkHeld uThl. OOpa3lbl Kojeca M peribca HAarpyXaroTcs NpPU MOMOIIM THAPOLWIMHIpPA, a
yIABTPAa3BYKOBOM ITpeoOpazoBartellb pacrojiaraetcsl HaJ HUIMHU B pe3epByape ¢ JAMCIMIMPOBAHHOW BOJOHM (BO3IYIIHBIE
My3bIpH B OOBIYHOM BOje OymyT paccewBaTh 3BYKOBOW curHai). KonrponmbHbiii curHan mocrtymaer ¢ ITK, m UPR
NPUBOAMT TpeoOpaszoBarenb B Bo30OykJeHHE. B oTBeT BO30YX/IeHHIO IpeoOpa3oBaTelb MOCHUIAET YIBTPa3BYKOBYIO
BOJIHY W TOJy4YaeT OTPaKCHHBIN CHTHAJ OH KOHTAKTHOM oOjactu. IlociaHHBIC M OTPa)KCHHBIC 3BYKOBBIC CHTHAJIBI
0TOOpaXKkaloTcs Ha ocIyuIorpade, ¥ yCpeJHEHHbIH pa3MaxX aMIDIHTY/Ibl OTPAYKEHHOTI'O CUTHAJIa 3alUChIBACTCS B TIAMSITh.
[locne 3aBepmieHUss HM3MEpPEHUs] B 3aJaHHOW TOYKE, C TIOMOINIbIO TAaONUIBI CKAaHMPOBAHUS IpeoOpa3oBaTeh
MepeMeIaeTcsl B CIEAYIOIIYI0 TOUKY B ONpENeTIeHHON MOCIeA0BaTeIbHOCTH, U TaK JI0 TeX IOp, MOKa BCS KOHTaKTHAs
obacth He OyaeT oTckaHupoBaHa (B padote [4] ucnonb3oBancs mar 0,25 MM B HAITPABJICHUU X H ) ).

npeabpazoparans

KOHTAKTHER
ELTE]

OB pasel Harpyaka ot OBpaseu
pensca  MMAPOLMNWHAPA Kongca

Puc.12. Cxema ynbTpa3BykoBOi ycTaHOBKY [4]
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Puc.13. IIpodum 06pa3uoB penbea (a) 1 koneca (0)

Ha puc. 14 mokasaHo pacmpenelieHUE KOHTaKTHBIX [aBJICHHMH U1 HOBBIX U W3HOLIEHHBIX HpoQuiIeH,
U3MEPEHHOE C IIOMOLIBIO OIUCAHHON yCTaHOBKHM Ipu Harpyske 50 kH u HyneBbIX 3HaueHHsAX OOKOBOI'O OTHOCA U yIna
BuiHUA. KoHTypHOM nuHuell Ha puc. 14 o0o3HaueHa IpaHuLa IATHA KOHTAKTA, HOMYyYE€HHAs C IIOMOIIBIO IIPOrPaMMBI
VDEUNU CONTACT g Tex ke caMbIX T€OMETPHUUYECKUX U CUIIOBBIX XapaKTEPUCTUK KOHTAKTa.
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a) 0)

Puc. 14. TIaTHa KOHTaKTa JUIsl HOBBIX (@) M M3HOIICHHBIX (0) IpOoQIeH, oIydeHHbIE YHCIEHHO U SKCIIEPUMEHTAIEHO

B pabote [S] o onmucaHHOM METOAMKE W3Y4eH IBYXTOUYECYHBIH KOHTAKT M3HOLIEHHBIX mpoduiei. Ha puc. 15
NpUBEAEHBI SKCIIEpPUMEHTAIbHBIE pe3yabTaThl. KOHTYpHON NUHMEN HaHECEHB! Pe3yNbTaThl, NONYYEHHbIE C IIOMOLIBIO
nporpammsl VDEUNU CONTACT.

— 11800

o I

KoHTakTHoe nasneHue (Mla)

KoHTakT Ha HDBem

Puc. 15. d)opMa 1 pasMEp MATHEH KOHTAaKTa AJIA Ciiydas ABYXTOYEYHOI'O KOHTAKTa U3HOIIEHHBIX npo@nneﬁ,
TIOJTYYCHHBIC YHUCJIICHHO U OKCIICPUMCHTAJIBHO.

0

U3 puc. 14 u puc. 15 BuaHO, YTO CpaBHEHHE YUCICHHOTO PEUICHHS, IOJYYEHHOIrO C ITOMOLIBIO TPOrpaMMbI
VDEUNU CONTACT c 3xcriepuMeHTanbHbBIMU JaHHBIMU [4,5] TOKa3asio UX yJOBIETBOPUTEIBHOE COBNACHUE.



Beilie  ynmoMuHajioch, 4TO IO YCIOBUSIM MaHUYECTEPCKOIO KOHTAKTHOro Tecra A2 (kacaTenbHas 3azada)
CKOJIb)KEHHE KOJIEC OTHOCUTEIIHHO PETLCOB paCCMAaTPHUBAET B KAYECTBE BBIXOIHOIO MapaMeTpa, a B monxenu VDEUNU
CONTACT B xauecTBe BXOAHOT0. B CBsI3U ¢ 3TUM, IPOXOXKI€HHE TecTa A-2 HE NPEACTaBISIETCS BOSMOXKHBIM.

IIposepka agexBatHOCcTH Mozen VDEUNU CONTACT B yacTu pelieHus KacaTenbHOH 3a1auu IpOU3BOIMIACH
IyTeM CPaBHEHUS! XapaKTEPUCTUK CIEIUICHHS, MOCTPOEHHBIX IO Pa3IUYHBIM MOJENsSM. B KauecTBe albTepHaTHBHI
VDEUNU CONTACT wucnonb3oBaiuchk Haubonee pacrnpoctpaneHnbie moaenu crervieans: FASTSIM (U.Kankepa);
ADH (O.ITonaxa); T. Mromepa u JI.K. Munosa.

[punsrte! cnenyromue ycnopusi. [Ipodunp koneca - HoBblil 1o Toct 11018. Ipodune pensca P65. bokooit
OTHOC M yroj BHWISHUS KOJECHOH mapbl oTCyTCTBYIOT. CKopocTh aBmkeHus - 20 m/c. BepTukanbHass Harpyska Ha
koneco - 100 kH. PaccmotpeHs! aBa BapuaHTa (ppUKIMOHHOTO COCTOSIHUS. B repBoM cirydae K03 GHUIUEHT CLEIeHUs
npuHAT paBHbiM 0.38 (4mcTBIE, cyxHue MOoBEepXHOCTH), BO BTopoM — 0.07 (3amacieHHble moBepxHOCTH). J{i1st Mozmenu
VDEUNU CONTACT wucnonb30BaHbl COOTBETCTBYIOLIME SMIHpPUYECKHE 3aBUCHUMOCTH [6]. Pe3ynbTatsl
MOJIEIUPOBAHMsI IIPECTaBICHbI HA pUc.16.

B cityyae Beicokux 3HaYeHMH ko3 dunmenTa cuerieHus (puc.16, a), KpUTHYECKOE CKOJIbKEHHE, TIOTyYEHHOE C
nomornipio Moxmeneit VDEUNU CONTACT, ADH, T. Mrwmnepa u JI.K Munosa cocrasmser 0.02...0.025, a
BOCXOJISIIIME BETBH XapaKTEPHCTHKU CLEIUICHUS Pa3lIMyualoTcsl He3HauuTenabHO (He Oosee yeM Ha 7%). PesynbraThl,
MOJIy4YeHHBIE ¢ oMokl Momend FASTSIM, coBmamaroT ¢ OCTAIBHBIMU TOJNBKO MPH O4eHb Maibix (mopsaka 0.001)
CKOJIbKEHUSIX. JTO 0ObsicHseTcs Tem, 4yTo anroputM FASTSIM Obut pa3paboTaH Ha OCHOBE JIMHEHHOHW TeOpUHU
B3aMMOJICHCTBUSI KaTsierocs tena ¢ ocHoBaHWeM. OJHUM W3 OCHOBOIIONATAIOUIMX JOMYUICHUH JTUHEHHOW TeopHuu
SIBIISIETCS TIPEAIIONOKEHHE 00 MCcUe3alolle Majoi BEIMUYMHE CKOJNBXEHUs KOJIEC OTHOCUTENBHO penbcoB. OTcyTcTBHE
HUCXOJIAIIEH BETBM XapaKTepUCTHKHU cuervieHus s momeneii FASTSIM, ADH u T. Miomiepa oObscHsiETCS
0COOEHHOCTSIMU TIOCTAaHOBKH 3aJIa4 B 3TUX MOJEISX.

v _
0,3 - - Miosiep
—— ADH ; - == - Mronep
02 — - - FASTSIM 0.04 ~ *"FASTSIM
Muron \I\g}gﬁw CONTACT
0.1 VDEUNU CONTACT 0.02 ADH
O6mnacts npumenernst FASTSIM
J | Oo6nactb npumenenns FASTSIM
0 0,01 0,02 0,03 € 0 0,01 0,02 0,03 0,04 €
a) 0)

Puc.16. XapakTepuCTUKK CLEIUICHUS IIPU Pa3HbIX (PPUKIMOHHBIX COCTOSHUAX: (@) — YUCTBIE, CyXHe MOBEepXHOCTH; (0) —
3aMacClIEHHBIE IOBEPXHOCTH.

DKCHEepUMEHTAIFHO YCTAHOBIIEHO, YTO TPH YXyIUIEHHH (PUKLIUMOHHBIX YCIIOBHH B3aUMOJICHCTBUS Kojeca C
peIbCOM KPUTHYECKOE CKOJbKeHHe yBenmuuuBaercs [7]. Ha puc.16, O mpuBeneHbl pacueTHbIE XapaKTEPUCTHKU
CIETUIEHHS JJIsl Cydasi HU3KHX 3Ha4eHHH Kod(¢uIMeHTa cuerieHus (HarmpuMmep, 3aMaciieHHbIX rmoBepxHocteit). Kak
BUJIHO U3 pHC.16, O KpUTHUECKOE CKOJIbKEHHE, paccuutaHHoe ¢ rmomouibto moaeneit FASTSIM, ADH u T. Mronepa
nporao3upyeMo (cMm. [1]) cMecTunuch B 30HY MeHbIIUX ckoiamkeHuil (Menee 0.001), mist momenu J[.K MunoBa He
U3MeHU0Ch, U ToibKo aj1s Mmofenu VDEUNU CONTACT Beipociio mo 0.04.

Y4uTHIBas CTOb CYIIECTBEHHYIO PasHHILy B Pe3yJIbTaTaX MOJEIUPOBaHHS, BOZHHUKAET BOIPOC O BO3MOXKHOCTH
ucnons3oBanus Moaenu VDEUNU CONTACT ans monenupoBaHHs JWHAMHMKH TOABMXKHOTO coctaBa. IIpoBepka
TaKOW BO3MOXXHOCTH ObLIa IIPOBE/IEHA C UCIIOIb30BaHMEM MaHUYECTEPCKOr0 IMHAMUYECKOTO TECTa.

Ha wmexnynapomnom cemuHape «Computer Simulation of Rail Vehicle Dynamics», mpoucxoausBiieM B
Manchester Metropolitan University 23 u 24 wmions 1997 roga corjacoBaHbl 3TaJOHHBIE TECTHI JUHAMHUKHU
MIOABIYKHOTO cocTaBa. Llenb co3maHust TECTOB - IO3BOJNUTH HCCIENOBATENSIM, M3YYarOUMM JHHAMHKY ITOJIBH)KHOTO
COCTaBa OLIGHUTH IPHUTOJHOCTh PA3IMYHBIX NPOrPAMMHBIX IakeToB. [IpeaBapuTeNbHbIE pe3y/IbTaThl, MOTYYEHHBIEC B
HaunOoJiee pacpOCTPaHEHHBIX MMaKeTax MOJETUPOBAHUS JUHAMUKH, ObUIM MPEACTaBJICHbl HA CHENUATBHON 3acelaHnu
15 nexabps 1997r. Ha HeM BHECEHO HECKOJIBKO M3MEHEHHWH B ATAJOHHBIE MOJENIU TPAHCIOPTHBIX CPENCTB U MYTH, a
TaKke B METOJbl MPEACTABICHUS PE3YJIbTaTOB C IIEIbI0 HCKIIOUEHHS HE3HAYUTENIHHBIX JIBYCMBICIEHHOCTEH.
[MogpoOHoe omucaHue YCIOBHH NMPOBENEHUSI TECTa MOXKHO HalTh B pabote [8]. DTaymoHHBIE MOIETU B TeCTe OBLIN
BBIOpaHbl TaKUM 00pa3oM, YTOOBI OHM OXBATUTH TPAHCIOPTHBIE CPEACTBA M BHUIBI ITyTH, KOTOphIE HanbOojee 4acTo
UCTIONIB3YIOIINECS IPU MOJICIIMPOBAHUH JUHAMHKY MOABMXHOTO cocTaBa. HecMOTpsl Ha TO, YTO MOJIENTH TPAHCIIOPTHBIX
CPE/ICTB SIBIISIIOTCS YIPOIICHHBIMH, OHU  BCE JK€ COAep)KaT NIpUMEpbl Oojee CIOKHBIX JJIEMEHTOB. YPOBEHb
JIeTaIM3ald B OIHMCAHWU TeCTa IO3BOJSIET BCEM YYAaCTHUKAM TECTHPOBAHMS CO3JAaTh IOAXOJSIIYI0 Mojenlb. B
JIOKyMEHTE HET TPeOOBaHMS, MCIONB30BaTh KOHKPETHBIE METOIBI MOJAEIMPOBAHUS. DTO Kacaercs, B TOM YHUCIE, U
MOJIETTH KOHTAKTa «KOJIECO - PEITBO».

MopenupoBaHue MPOBOJAMIOCH C MCIIOIb30BAHHEM IPOrPAMMHOIO KOMILIEKCA «YHHBEPCATBHBIH MEXaHU3M)
(YM). Mogens VDEUNU CONTACT wunrerpupoBana B xomiuiekc YM B kauectBe dll oubimoreku (dynamic link
library). AnprepHatuBoii Mogenu VDEUNU CONTACT Beictynmana wmozpenb FASTSIMA (Momuduxamust Monenu



FASTSIM). HccnemoBanock nemwxenue maccaxupckoro (TC1)
Mamnuectepckoro Tecta (puc.17).

u

rpy3oBoro nByxocHoro (TC2) BaroHoB wu3s

Puc.17. O6muit B MoeNu maccakupckoro (a) u rpy3oBoro (0) BaroHoB.

MonenupoBanoch ABMKEHUE BATOHOB Ha YEThIpeX BapuaHTax MyTH. Kaxk[plil U3 BapUaHTOB MNpeaHa3HAYEH st
MIPOBEPKU OMPEJEIICHHBIX BOIMPOCOB. BapuaHT mytu 1 1j1 NPOrHO3UPOBAaHMS KBAa3UCTALIMOHAPHOTO TOBENEHUS B
MPSAMON M MPOTHO3UPOBAHUSI PUCKA CXOJa C PENbC HA MCKPUBJICHHOM IMYTH MPOCTOrO TEJIEKEYHOIO TPaHCIOPTHOIO
cpenctBa. Bapuant nmytu 2 st uccnenoBanusi yctonunBoctu apwkenus KII. Bapuant mytu 3 — mojenupoBaHus
JBKCHUS TI0 HEPOBHOCTSM IyTH. BapuaHT nmytu 4 — ynpaBiieHHUs: HeTMHEHHOCTAMU B noasemuBanuu TC. [Ipoduis B
IJIaHe Ka)<JIoro BapuaHTa IMYTH, MapaMeTphl IBIKEHUs MO HEMY, a TaKXkKe IMPEICTaBJseMble Pe3ybTaThl OrOBOPEHBI

YCJIOBUAMMU ITPOBE

nieHus tecta [8].

Pe3ynbTaThl MOIEIMPOBAaHUA MpeacTaBiicHbl Ha puc. 18 — 24 . Ha HUX KpuBBIMHU 0e3 Mapkepa 0003HAauCHBI
pe3yNbTaThl, MONYUYeHHBIE MpH ucnonb3zoBaHuu Mojaean FASTSIMA, ¢ mapkepom — VDEUNU CONTACT.
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Puc. 18. 3aBucuMOCTh NONEpEeYHBIX CMELIeHUH JIeBBIX Kojec nepBoil u Bropoit KII oTHOCUTENnbHO penbcoBoit
Konew (a), yriioB BuisiHus niepBoit 1 BTopoit KII (6), cyMMapHBIX IonepedHbIX CHII IS IEPBOM KOJIECHOW Maphl (B) U
CyMMapHBIX TOTIEPEYHBIX CHJIBI U BTOPOH KoJIecHOH mapsl (T) ot npoiineHnoro nytu. TC1, Bapuant mytH 1.
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Puc. 19. 3aBUCHMOCTH OTHOIIEHUSI CYMMapHOH MONEPEeYHON ¥ BEPTUKAIBHOM CHII U1l HaOeraromiero Koieca
TIepBOi KosecHOH napsl (ko3 dunmeHTt d0e3zomnacHocTH) oT npoiaenHoro mytu. TC1, BapuanT nmytH 1.
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Tenexka 2
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a) 0)

Puc. 20. 3aBUCHMOCTb TONIEPEYHOTO CMEIIEHHS TEIEKEK (a) M MONEePEYHOro CMEIIESHHs TIEPBOI U BTOPOH
KoJiecHOH mapsl (0) oT mpoiaenHoro mytu. v =45 m/c, TC1, Bapuanr myrtu 2.
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a) 0)

Puc. 21. 3aBucuMOCTh yrita O0KOBOM Kaydka IepBOM U BTOPOH Tenexek (a) u cMenienus neppoit KI1 (6) or
npoinenHoro mytu. TC1, BapuanT mytu 3.
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Puc. 22. 3aBucuMOCTb ONEPEYHOT0 CMENICHHS KOJIECHBIX Map (@) U IMONepevyHoro cMenieHus Ky3ona (0) ot
npoinenHoro mytu. TC2, BapuaHT mytH 2.
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Puc. 23. 3aBucumocTs OOKOBOI KauKu Ky30Ba (@) M MOMEPEYHOr0 CMEIEeHH s TIEPBOi KoJiecHOH napsl (0) oT
npoinenHoro mytu. TC2, BapuaHT mytH 3.
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m

300 320

Puc. 24. 3aBuCHMMOCTh BEpPTUKAIBHOIO NEpeMeEIeH s Ky30Ba OT npoiaeHHoro nytu. TC2, BapuaHT mytu 3.

BuiBoabl. Kak BugHO 13 puc.18-24 BO BCex ciaydasx pe3yabTaThl MOJACTUPOBAHHS MPAKTUUCCKU HE 3aBUCST OT
UCIONB3yeMOH MOJCTH CIEIUICHHS. JTO OOBICHACTCS IBYMs OOCTOSTEIbCTBAMH. BO-TIEPBBIX, IO YCIOBUAM
MPOBENCHUS MAaHUYECTEPCKOrO JIUHAMHYECKOrO0 TecTa KOI(P(HUIIMEHT CIEIUICHUS, IPH KOTOPOM IPOBOIUTCS
MojenupoBaHue, cocraBisier 0.4. Bo-BTOpbIX, MaKCHMallbHOE CKOJIBXKEHHE, KOTOpOoe ObUI0 3a(UKCHPOBAHO MpPHU
npoBefieHUH pacyeroB, paBHsuiock 0.005. pyrumu cioBamu, peaibHO HCIONB30BAJICS YYaCTOK XapaKTEPUCTUKH
CICIUICHUS, KOTOpBIA Ha puc.16,a obOo03HaYeH kak «oOnacth npumenenus FASTSIM». B atoit obmactu Her
CYIIICCTBEHHOMN Pa3HUIBI, KaKas M3 MOJENEH CIEIUICHUS UCIIOIB3YETCs MPH MOJICITUPOBAHUM TUHAMUKH.
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Y emammi onucanuii npoyec nepegipxu na adexgammuicmo pospodnenoi agmopamu mooeni [2] e3aemo0ii KII 3 petikogoio xoriero.
[l nepegipku GUKOPUCIOBYBANUCS MAHYECTNEPCLKI KOHMAKMHUI mecmu i Manyecmepcobki mecmu ounamixu. Taxooic pesynomamu
MOOeNI08aHHA NOPIBHIOBANUCS 3 eKCHePUMENMANbHuMy oanumy. ITIpusedeni nopisHANbHI pe3ynbmamu MOOenio8anHs KOHMAKMHOL
63a€MO0ii Koneca 3 peukoio i MOOeno8anHs OUHAMIKU PeliKoB020 eKinaxca, ompumaHi npu euxopucmanni mooeni [2] i inwux
HaUubiIbUW NOWUPEHUX MOOeell 3UEeNTeHHS.

Knrouosi cnosa: manuecmepcki mecmu, KOHmMakm «Koneco - peukay, OUHAMIKa, Kpuea 3uenienns,

The process of checking for adequacy of the wheelset — track contact model [worked out by authors 2] is described in the article. For
verification the Manchester Contact Benchmarks and Manchester Dynamic Benchmarks were used. Also modeling results were
compared to experimental data. Comparative results for wheel — rail contact modeling and railway vehicle dynamics modeling with
the use of model [2] and other most widespread models of wheel — rail contact interaction are brought.

Keywords: Manchester benchmarks, wheel — rail contact, dynamics, traction curve
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Kostyukevich A., Tsyganovskiy I.
TESTING DEVELOPED WHEELSET — TRACK INTERACTION MODEL

Abstract. The article describes the verification process of the developed wheelset — track
interaction model [2]. The verification was carried through Manchester Contact Benchmarks and
Manchester Dynamics Benchmarks. The modeling results were also compared to the experimental
results. The comparison results of wheel- rail contact modeling and railway vehicles dynamics
modeling are shown, that were derived with the use of model [2] and other most widespread
models.

Keywords: Manchester benchmarks, wheel — rail contact, dynamics, traction curve

Statement of the problem. There are many model of wheel — rail contact interaction [1] and all of them use
some simplifying assumptions. As the result every model has confidence limits and usage limitations. The influence of
this assumption is not seen to the end user. Also there exists a probability that a particular software package use contact
models beyond their models of validity.

There are two most popular approaches to verify the contact model. With the first approach the received results
are compared with experimental data. But the particular situation can sometimes be hard to model because of the lack of
experiment detail. That is why there is alternative approach why the theoretical results, that are received with the use of
different models for the same initial data, are compared to each other. Today the universally recognized etalon with
such approach are Manchester Contact Benchmarks and Manchester Dynamics Benchmarks.

Aim of the paper. The aim of the paper is the verification of contact model [2] with use of different methods.

Results. The Railway Technology Unit of Manchester Metropolitan University (MMU) has developed
benchmark for the compassion of wheel — rail contact models, that are used in modern MBS packages[3]. The aim of
the test is to provide for the end user the choice of the contact model for the particular modeling situation.

The structure of the benchmark is shown on fig. 1. As it can be seen from the figure two cases are suggested.
Case A is supposed for modeling of single wheelset contact with rails with prescribed motion conditions . Case B is
supposed for modeling railway vehicle (freight wagon with two bogies) for a study of its dynamical behavior. This case
is now under revision/

Case A aiming to solve normal (Case A-1) and tangential (Case A-2) contact problems. In turn, case A-1 is
divided on two sub-cases A-1.1 and A-1.2, that differ from each other with input parameters.

After the specification for Case A was developed, an invitation to take part in it was in open access during the
2006 year. Total 10 software packages developers confirmed their participation. In table 1 are shown the data of
participants and comparison data of applied methods for solving normal and tangential contact problems. The results of
Cases A-1 and A-2 are shown on paper [3].

Since this benchmark is de facto standard, the results of VDEUNU CONTACT program [2] were compared to
that shown in paper [3]. Unfortunately, Case A-2 supposes creepages as input parameter, and in the developed
VDEUNU CONTACT program they are output parameter. As the result of this passing of Case A-2 is not possible. The
validity of VDEUNU CONTACT in solving tangential problem was performed with other method.

Contact benchmark

[ 1
Case A Case B

Single wheelset contact Freight wagon with two bogies|
motion modeling

[ 1
Case A-1 Case A-2

[Normal problem Tangential problem
Case A-1.1

Input: Lateral displacement of wheelset

Bapuant A-1.2
[nput: wheelset lateral displacement and yaw angle

Fig. 1. Manchester Contact Benchmark structure



Table 1
A summary table of methods for solving normal and tangential problems of participated software packages.

Software Country Normal problem solving method Tangential problem solving
method
CONPOL Italy Hertz theory Kalker’s FASTSIM
CONTACT PC92 China Initial gap calculation, module of | Kalker’s CONTACT
non-hertzian Kalker CONTACT | modification
program
DYNARAIL USA Hertz theory and non — hertzian | Kalker’s USETAB
contact
GENSYS Sweden Equivalent contact ellipses Kalker’s FASTSIM
LaGer Slovakia Kalker’s CONTACT Kalker’s CONTACT
OCREC France Non-hertzian Kalker’s FASTSIM
modification
NUCARS USA Non-hertzian Look — up tables, calculated
with the use of Kalker’s
DUVOROL
TDS CONTACT Italy Hertz theory Kalker’s FASTSIM
VAMPIRE USA Hertz theory Kalker’s look — up tables
VOCOLIN France Semihertzian Kalker’s FASTSIM
modification

Case A. The tape- circle radius is 460 mm on 70 mm from flange outer side (fig. 2,a). The gauge width is 1435
mm, and is located 14 mm lower than horizontal plane, resting on the rail tops. The distance between flanges is 1360
mm. Verical load is applied in the center of the wheelset axis and wheelset weight is included to the load. (fig.2,b). The
rail inclination is 1:40 in all cases. Wheel and rail profiles (fig. 3) and load combinations are summarized in table 2.

—— T mm

a)

'
- 1435 mimy

b)

Puc.2 Tape — circle radius (a) and track, wheelset and vertical load (b).

Table 2.
Combination of wheel, rail and applied vertical load

No Profile Load, kN
Wheel Rail

1. New S1002 New UIC60 20

2. New S1002 Mew UIC60 200

3. Worn S1002 Worn UIC60 20

4. Worn S1002 Worn UIC60 200




c) d)

Fig.3. Wheel and rail profiles used in benchmark: (a) -new S1002; (b) - worn S1002; (c) - new UIC60; (d) -
worn UIC60.

For Case A-1.1 wheelset lateral displacement varying from 0 mo +10 mm with 0.5 mm increment. For case A-

1.2 wheelset lateral displacement varying from 0 mo +10 mm with 0.5 mm increment., and yaw angle increase from 0

to 24 mrad with 1.2 mrad increment. For every combination of wheel and rail profiles, vertical load, lateral
displacement and yaw angle normal contact problems was solved (see output parameters in table 3).

Table 3.

Case A-1 output parameters

Parameter Dimension Comments
units
Initial contact point | mm Initial contact point position for every lateral
position displacement and yaw angle values. Position must
be specified in local wheel and rail coordinate
systems.
Additional contact | mm In case of two — point contact — position must be
points position specified in local wheel and rail coordinate systems.
Contact angle degrees Is calculated on each contact point on both .wheels
Rolling radiuses | mm Is calculated as difference between left rolling
difference radius and right rolling radius
Contact patch area mm’
Contact patch form If elliptical — semiaxis raio, in othe case — image
Normal pressure | Pa If elliptical — formula, in other case - image
distribution
Calculation time for | S The time needed to receive data for every case
1000 launches
Computer specification A brief description of hardware: CPU, RAM etc.

In paper [3] are provide results for cases A-1.1 m A-1.2 for new wheel and rail profiles and vertical load 20 kN.
(fig. 5-8). On the figures for every software code has it’s own line and marker type (see fig. 4). Reference profiles of
wheel and rail are plotted with a solid line .

% TDS Contact £~ CONPOL 1 = CONTACT PCO2
LY NARAIL & GENSYS O - LaGer
NUCARS s QCREC 1 WAMPIRE

0= VOCOLIN - Ref profile —@— NDEUNU CONTACT

Fig. 4. Line and marker type, associated with particular program code

On fig.5 and fig. 6 the dependence of initial contact point location on the lateral displacement are shown. As it
can be seen from figures, the maximal difference is 11,3 mm at 0 mm lateral displacement. So substantial difference can



have major influence in vehicle dynamics and wear simulation. At 5 mm lateral displacement NUCARS and OCREC
detects two — point contact (first contact point at ) = -24 mm, second contact point at ) =-34 mm in fight rail
coordinate system), while other program codes detects single point contact at ) =-34 mm.

On fig. 7 the dependence of rolling radiuses difference (RRD) on lateral displacement is shown. The figure
shows that NUCARS calculates RRD, using the first detected contact point. With the second point chosen, the result
would agree with other codes.
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Fig.5. The dependence of initial contact points location on left (a) and right (b) rail
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Fig.6. The dependence of initial contact points location on left (a) and right (b) wheel
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Two different trends can be seen in contact angle detection for left wheel — rail pair (fig. 8). Programs LaGer,
CONTACT PC92 refer to one trend (fig.8). CONPOL, GENSYS, NUCARS, VAMPIRE, VDEUNU CONTACT to
other. The possible reason for difference in trends, is that LaGer u CONTACT PC92 use for calculation coordinate
systems, connected with wheelset, and not the track. VOCOLIN shows results, different from both trends. The reasons

is the VOCOLIN do not take into account change of roll angle.
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Fig.8. Contact angle for left (a) and right (b) wheel — rail pair

After analyzing the dependences, shown on fig.5-8, can be concluded that results from VDEUNU CONTACT
have good agreement with the CONPOL, NUCARS u TDS CONTACT. The reason for that is the programs use near
similar methods for initial contact points detection.

The size and form of contact patch are very important factors, influencing traction, wear and rolling contact
fatigue. On fig. 9-10 are shown the dependence of contact patch area from lateral displacement. It can be seen, that
before the flange clearance is exceeded, the results for all programs are near similar. Once the flange clearance is
exceeded (lateral displacement more than 6 mm) the largest contact size is four times that of the smallest. (see. fig. 11).
The reason for that can be the difference in contact points detection and methods of solving normal contact problem.
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Fig. 10. The dependence of contact patch area on lateral displacement right wheel — rail pair (detail area).

On fig. 11 form and size of right wheel — rail pair are shown at 0 mm lateral displacement. As it can be seen
from the pictures the difference from nonherzian and hertzian methods. That’s why it makes sense to compare the
results from VDEUNU CONTACT to experimental data using the results from [4,5].

The experimental set- up for ultrasonic detection of wheel- rail contact parameters is shown on fig. 12. It consists
of focusing transducer, ultrasonic pulser — receiver (UPR), a digital oscilloscope, a control PC, a scanning table
(automated with x, and y-stepper motors) and a load frame. Two wheel - rail pairs were used for experiments, the ne
ones and the worn profiles taken from heavily worn in service components. The profiles were digitized with MiniProf
device (fig.13.). As shown in Fig. 12, the specimens were cut from actual wheel and rail sections. The rail specimen is
fixed to the upper plate, and the rail specimen to lower plate. The specimens are moving relatively to each other as in
the real wheel — rail contact conditions. To fulfill this requirements a grid was marked on the lower plate, that was used
to set up lateral displacement and yaw angle. The load frame consists of fixed upper plate and moving lower plate The
wheel and rail specimens are loaded with hydrocylinders , and focusing transducer is located above them in the
reservoir filled with distilled water. The control signal is coming from PC, and UPR brings the focusing transducer to
excitation. Then focusing transducer sends ultrasonic wave and gets the reflected signal form contact area. The sent and



reflected signals are then shown on the digital oscilloscope and stored in memory. After finishing the measurements in
prescribed point, with the scanning table focusing transducer goes to the next point until the whole contact area is not
scanned (in paper [4] 0,25 step was used inx and y directions).
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On fig. 14 the contact pressure distribution for new and worn profiles is show, measured with use of described
set — up with 50 kN load and zero lateral displacements and yaw angle values. The discrete line on fig. 14 shows the
contact patch boundary derived from VDEUNU CONTACT for the same geometrical and loading characteristics.

Normal contact pressure for new profiles (MPa) Mormal contact pressure for worn profiles (MPa)
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Puc. 14. Contact patches for new (a) and worn (b) profiles, measured and numerically calculated

In paper [5] with the same set — up two — point contact of worn profile is studied. On fig. 15 the experimental
results are shown. The discrete line shows the contact patch boundary derived from VDEUNU CONTACT
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Fig. 15. Contact patches for two — point contact of worn wheel profile, measured and numerically calculated

As it can be seen from fig. 14 and fig. 15, numerical solution from VDEUNU CONTACT and experimental data
from [4,5] has good agreement.

As it was mentioned earlier, that for case A2 (tangential problem) of Manchester Contact Benchmark the
creepages are input parameters, and for VDEUNU CONTACT they are output parameters. That’s why case A-2 study
can’t be perfomed.

The verification of VDEUNU CONTACT was performed by means of comparing creepage — friction coefficient
curves, built with different methods. The most common contact models (FASTSIM (J. Kalker); ADH (O. Polach); T.
Muller and D.Minov) were used as alternative to VDEUNU CONTACT.
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The next initial conditions are accepted. Wheel and rail profiles are new according to State Standarts. Lateral
displacements and yaw angles are zero. Vehicle speed is 20 m/s. Wheel vertical load - 100 kN. Two frictional cases are
studied. For the first case the friction coefficient is 0.38 (clean, dry surfaces), for the second case — 0.07 (surface,
coated with grease). For VDEUNU CONTACT model corresponding experimental dependencies are used [6].
Modeling results are shown on fig.16.

For high fricion coefficient values (fig.16, a), a critical creep value, calculated with VDEUNU CONTACT,
ADH, Muller and Minov is 0.02...0.025, and there is no major differences in ascending branch (no more than 7%). The
results of FASTSIM, coincides with others only at very small (near 0.001) creepages. The reason is that FASTSIM was
developed at the base of Kalker’s linear theory, the basic assumption of which is vanishingly small slip between wheel
and rail. The falling friction branch with FASTSIM, ADH u Mullers models are absent.
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Puc.16. Creep — friction coefficients curves for different frictional conditions: (a) — clean, dry surfaces; (6) —surfaces coated
with grease.

The experimental studies shows the under the bad frictional conditions the critical creep increasing [7]. On
fig.16, b are shown creep — friction coefficients curves surfaces for coated with grease. As it can be seen from fig.16, b
the critical creep, calculated with FASTSIM, ADH u Muller, as it can be predicted (see [1]), shifted to the zone of
microcreep (up to 0.001), for Minov program is the same , and only for VDEUNU CONTACT increased to 0.04.

Taking into account so substantial difference in the modeling results, the questions arises about the ability of
using VDEUNU CONTACT program for railway vehicle dynamics modeling. The verification was carried through the
Manchester .

On the international symposium «Computer Simulation of Rail Vehicle Dynamics», that took place at
Manchester Metropolitan University 23 and 24 June of 1997, were agreed the etalon benchmarks for railway vehicles
dynamics simulation. The aim of benchmarks is to provide to researchers, studying railway vehicles dynamics, evaluate
the compatibility of different software packages. The initial results, calculated in the most popular software packages,
were shown at the special meeting on 15 December, 1997. There were some corrections in the vehicle and track models,
and in the results presentation to avoid misconstrues. The full description of benchmarks initial data can be found in [8].
The etalon models were chosen to cover the most common vehicle and track models, that are used in vehicle dynamics
simulation. Despite the both vehicle models are simplified, they compare examples of complex elements. The detailing
level of models is chosen to provide every software developers to build the model. There is no restriction in the
documents about exact models usage, including wheel — rail contact model.

For modeling the «Universal Mechanism» software was used. VDEUNU CONTACT model was integrated in
Universal Mechanism as dynamic link library. As alternative to VDEUNU CONTACT FASTSIMA (FASTSIM
modification) was used. The models of passenger car and freight car were used (fig.17).

Fig.17. Passenger car (a) and freight car (b) models.

Four track models were used for simulation. Every variant has its own range of questions. Track model 1 is for
the prediction of quasistatical behavior on straight track and detection of derailment risk. Track model 2 - to study the



stability of wheelset movement. Track model 3 — modeling vehicle moving on irregularities. Track model 4 -
managing the nonlinearity in vehicle suspension system. The track profile for every model, kinematical parameters, and
the expected results can be found in [8].

The modeling results are shown on fig. 18 — 24. FASTSIMA results are shown with simple solid line, ¢
VDEUNU CONTACT are shown with additional marker.
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08
07

a
/e
¢

03 #

0.2 /
0.1 J
DS, W

mm
0 20 40 60 80 100 120 140 160 180

Fig. 19. The total lateral to total vertical forces relations for outer wheel of first wheelset dependence(safety
criteria) on passed distance. Vehiclel, track model 1.

WS
™ Bogie 1 ™ S1
Bogie 1
14 41 N

S, m.
m. Y i | 7 (J=Sw=E ] 4 (-] G (-
ol 20— 60 30. 100 1200t 1 4 )+ 160s0-a0-+180 0f 20 40 60 809‘100 120° 140" 160" 180
S2
Bogie 2 2 S2

Bogie 2

a) b)
Fig. 20. The dependence of bogies lateral displacement (a) and lateral displacements of first and second
wheelset (0) on passed distance . v =45 m/s, Vehiclel, track model 2.



mm

20

PN S, m:
s \i10o 120

0| 20 40

WS1 displacement
-20

a) b)

Fig. 21. The dependence of first and second bogie yaw angles (a) first wheelset lateral displacement (b) on
passed distance . Vehiclel, track model 3.
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Conclusions. As it can be seen from fig.18-24 for all cases simulation results do not depend on the chosen
contact model. It can be explained with two facts. First of all, the friction coefficient for Manchester dynamics
benchmarks simulations is chosen to be 0.4. Secondly, the maximal stated creep value during simulations, was 0.005.
In other words, the section, called “zone of FASTSIM validity” on fig. 16(a), was used on traction curve. In this zone
there is no major difference which contact model is used. The influence of contact model used to be seen while
modeling locomotive motion in traction regime.
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