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AHHOTALUA

BBenenne. Bo3MOXHOCTBH OBICTPOTO, yIOOHOTO W TOYHOTO OIPEJCICHHS MACCHl Tpy3a B BaroHax I03BOJSET
MIOBBICUTH 0€30ITaCHOCTH TPAHCIIOPTA, a TAKXKe 00ECHEeYUTh YUeT aKTHBOB B JKEJIE3HOIOPOXKHOU MHPPACTPYKTYpE.
V3BecTHBI TpeXMEpHbIE TBEPJIOTEIILHBIC MOJCIH Yy4acTKa XKEJIe3HOJAOPOKHOTO IIYTH ¥ METOIMKH MOJCIHPOBAHHUS
nedopmarinii, BO3HUKAIINX B PelibCax MO JACHCTBHEM MEXaHHYECKHUX HArpy30K, MEpeaaBacMbIX Yepe3 BarOHHbBIC
Kojeca. B cooTBeTCTBUY € 3TUMH METOAMKAMHU MTPOMCXOAUT MepecyeT BO3HUKAIOIHUX Je(opMaliuii B BEC BarOHOB.
Temneparypa penbca BIUSIET HA €0 MEXaHHUECKHE CBOICTBA M, COOTBETCTBEHHO, HA BEIMUNHY €ro Ae(opMaIiu.
B pabore BriepBbIe MpeaokeHa METOANKA, TIO3BOJISIONIAs YIUTHIBATh Je(hOPMAIINIO PeIbca MO ACHCTBIEM HAarpy3Kn
C Y4EeTOM M3MEHEHHs €r0 TeMIIepaTypsl IPU Pa3INYHBIX TPAaHUYHBIX ycIoBUsIX. MeToa. CortacHO NMPeAToKeHHOMY
TIOJIXOJLY, BEC BarOHa OIIPEe/eIsIeTCsl [0 BEJIMUHMHE IepopMariii, KOTOPBIE U3MEPSIIOTCS TEH30METPHUECKUMH TaTINKaMH,
PacIONIOKEHHBIMH Ha HIelKe penbca. PazpaboTaHHBIC MOJENIN BKIIIOYAIOT JKEJIE3HOLOPOKHOE KOJIECO, IIMAaIbl U
¢parment penbca. @parMeHT pesnbca, COOTBETCTBYIOLIMN yUacTKy IyTH, Ha KOTOPOM yCTAaHABIMBAIOTCS JAAaTUYUKH,
reOMETPHUYCCKU BOCIPOU3BOIUT CYIICCTBYIOIINI THI pesibca R50 u pasmeniaercs Ha mimnaiax, 3aQuKCUpOBaHHBIX
C HMXKHEH cTopoHbl. Mozienb Kojeca COOTBETCTBYET CYLIECTBYIOLIEMY THIy 11€JIbHOKATAHBIX BarOHHBIX KOJEC
C IMaMeTpoM 1o Kpyry karanus 920 mm, 6maromaps yeMy B MOJENH COXPAHSAETCA KOPPEKTHOE ISITHO KOHTAKTa.
CornacHO METOAMKE, Ha pa3paboTaHHBIE TBEPAOTEIBHBIC MOAEIN HAKJIAABIBACTCS KOHEYHO-3IIEMEHTHAs CeTKa,
YCTaHABIMBAIOTCSI COSANHEHHS MEXTY (PparMeHTaMHU MOJIEIIH, TIPUMEHSIOTCS] TPAaHUYHEBIC M TEMIIEPaTypHBIE YCIOBHS,
a TaKKe BO3JCHCTBYIONIHE CHIIBL. [10cie0BaTeIbHO BEIOIHACTCS KOHSYHO-IEMEHTHBIH aHaJM3 JUTsl BCEX BO3SMOXKHBIX
KOMOMHAIIMH KOOPJMHATHI KoJeca, Harpy)KaeMol Macchl U TeMIeparypsl. sl KaXk0ro cirydasi perucTpupyoTcst
3Ha4YeHus AedopManuii B 4eThIpeX y3iax peibca, COOTBETCTBYIOIIMX MECTaM YCTaHOBKH TEH30JaT4HKOB. [IpoBeneHo
CPaBHEHHUE Pe3yJIbTaTOB KOHEUHO-3JIEMEHTHOI0 aHalIu3a Ul IBYX pa3paO0TaHHbIX TBEPAOTEIbHBIX Mojeei. Moxenu
OTIINYAIOTCS CIIOCOOOM KPEIUIEHHsI Pelibca K MINalaM ¥ 3alaHieM IPaHUYHBIX YCIOBHI Ha Topuax (parmeHTa penbca,
MO3BOJISIOIINX YIUTHIBATH BOZMOKHOCTh PENaKCallMi TEMIEepPaTypHBIX HampsbkeHuil. B moxenu 1 penbe sxecTko
CBsI3aH CO IIMANAMH1, B MOAENIHN 2 PENbC U MIMaIbl COSANHEHBI KOHTAKTOM, TOITYCKAIOIIUM JBIKEHHE PEIbca MO HIane
C 3aJaHHBIM KO3 duunentom tpenus. Kpome toro, B Mogenu 2 UMATHPYETCS BO3ACHCTBHE NMPIKUMHBIX OONITOB.
OcHoBHBIE pe3yIbTaThl. MeTonKa pean3oBaHa B cpesie MynsTudusnaeckoro MozeanpoBanust ANSY'S st cBsi3aHHOM
TPEeXMEepHOH 3a]1auul C HCIoIb30BaHneM Mopyiiel Static Structural n Steady-State Thermal. Pe3ysbrarer MopenupoBanus
M0Ka3aJIi, YTO 3HaUeHUs AeopMalyii, 00yCIOBICHHbIE TeMIIePaTyPHBIM BO3ICHCTBHEM, B MPEIIOKEHHBIX MOJICIISIX
orMyaroTces. J(nanason BepTUKaIbHBIX JedopManuii pparMeHTa peiabca, Ha KOTOPOM 3aKPeryIeHbl TeH30AaTYUKHU, TIPH
Harpyskaemoi Ha xoneco macce 12 500 kr cocraBnser oT MUHYC 245 MM (M3rub BHU3) 10 15 MKM (M3ru0 BBEpX) AT
MoJienH 1 B 3aBUCUMOCTH OT TeMIepaTypsl penbca (B auanazone ot munayc 20 °C no 50 °C), a ana mopenu 2 — OT
MuHyc 225 MM 10 MuHYyC 100 MKM. DTO MO3BOMSAET CAENaTh BBIBOJ, YTO MOJEIH 2 Oosiee KOPPEKTHO BOCIIPOM3BOAUT
npouecc aehopManny, a Bo3AeiicTBIE TeMIepaTypsl Ha AeopManuy MeHee 3HaYUMO 0 CPAaBHEHUIO C BEIMUMHON
MexaHn4eckoi Harpy3ku. O6cyxaenne. [Ipearaemast Moziellb, B OTIIMYHE OT U3BECTHBIX, IIPEAIIOIAaraeT CTaTHIeCKOe
B3BELIMBAaHHE, XapaKTepU3yeMoe OOJbIIeH TOYHOCTBIO, HAJIeKHOCTBIO M IIPOCTOTON NpuMeHeHus. B nanbHeiimem
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TUTAHUPYETCS BBINIOJIHEHUE OoJee 1'[0}1]306HOF0 HCCJIENOBAHUA MOECIIN C IBYMs KOJIECAMU U OCBIO C LICJIbIO ONIPEACTICHUSA
OITUMAJIBHOTO BPEMEHHN MOACTIMPOBAHUA U TOYHOCTHU ITOJTYHa€MBIX PE3YIIbTATOB.
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Abstract

Possibility of fast, convenient and precise definition of wagons load mass allows enhancing transport safety and ensures
assets accounting in railroad infrastructure. There are known three-dimensional solid models of railway track sector
and approaches of simulation the deformation which emerge in rails by mechanical load effect transmitted through
wagon wheels. In accordance with these approaches, emerging deformations are recomputed into wagons weight. The
rail temperature influences on its mechanical properties and, consequently, on the deformation value. In this work,
for the first time, a technique has been proposed that allows one to consider the deformation of the rail under the load
influence, taking into account its temperature variance at different boundary conditions. According to the proposed
approach, the wagon weight is defined by deformation values which are measured by strain gauges located on the rail
web. The developed models include a rail wheel, ties and a rail fragment. The rail fragment corresponding to the railway
track sector on which sensors are mounted geometrically replicates an existent rail type R50 and is situated on the ties
fixed from bottom side. The wheel model complies with an existent solid-rolled wagon wheel type with tread diameter
920 mm, thereby correct contact patch retains in the model. According to the approach, finite-element mesh is generated
on the developed solid models, connections between model fragments are established, and boundary and temperature
conditions as well as acting forces are applied. Sequentially finite-element analysis is performed for all possible
combination of wheel coordinate, load mass and temperature. For every case, deformation values are registered in four
rail nodes corresponding to strain gauges placements. Comparison of finite-element analysis results for two developed
solid models is carried out. The models differ by the way of the rail on the ties mounting and boundary condition
setting on the end faces of the rail fragment, allowing to consider possibility of temperature stresses relaxation. In the
model 1 the rail is connected with ties rigidly, in the model 2 the rail and the ties are connected by a contact allowing
the rail motion along the tie with given friction coefficient. Besides that clamp bolts impact is imitated in the model 2.
The approach is implemented within multiphysical simulation environment ANSY'S for coupled three-dimensional
problem using Static Structural and Steady-State Thermal modules. Simulation results showed that the deformation
values determined by the temperature influence differ for the proposed models. Vertical deformations range of the rail
fragment on which the strain gauges are fastened, at the mass 12,500 kg loaded on the wheel, is from —245 um (bend
down) to 15 pm (bend up) for the model 1 depending on the rail temperature (in the range from —20 °C to +50 °C) and
from —225 pum to —100 pm for the model 2. This allows concluding that the model 2 reflects deformation process more
correctly, and the temperature influence on the deformation is less relevant compared to mechanical load value. The
proposed model in contrast to the known ones implies static weighing characterized by more accuracy, reliability and
simplicity of use. In the future it is planned the executing of the more detail research of a model with two wheels and
an axle for determining optimal simulation time and obtained results accuracy.
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railway monitoring system, loads identification, finite element method, solid state modeling, models updating

Acknowledgements

This study was supported by the Ministry of Science and Higher Education of the Russian Federation as part of the
“Development and research of methods and tools for monitoring, diagnosing, and predicting the state of engineering
objects based on artificial intelligence” project FENW-2020-0022.

For citation: Denisenko M.A., Isaeva A.S., Sinyukin A.S., Kovalev A.V. Models and a deformations simulation approach

using ANSYS CAD for railway wagons weighing system. Scientific and Technical Journal of Information Technologies,
Mechanics and Optics, 2024, vol. 24, no. 2, pp. 284-292 (in Russian). doi: 10.17586/2226-1494-2024-24-2-284-292

Hay4HO-TexXHUYeCcKnii BECTHUK MHDOPMALIMOHHbLIX TEXHONOM M, MEXaHUKK 1 onTukKn, 2024, Tom 24, N2 2
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2024, vol. 24, no 2

285


mailto:dema.bmfe@gmail.com
https://orcid.org/0000-0001-5044-7482
mailto:isaevaas@sfedu.ru
https://orcid.org/0000-0002-5145-0963
mailto:sinyukin@sfedu.ru
https://orcid.org/0000-0003-0496-0087
mailto:avkovalev@sfedu.ru
https://orcid.org/0000-0003-0545-7416

Mogenu n metoguka mogenupoaHus gedopmaumin B CAMNP ANSYS ons cuctem xene3Hog0opOXHbIX BarOHHbIX BECOB

BBenenue

OmeHka BETMIMHBI HATPY3KH, OKA3bIBAEMOH JKETIEC3HO-
JIOPOKHBIM TPAHCIIOPTOM Ha OOBEKTHI JKEIE3HOTOPOKHOM
HHPPACTPYKTYPBI, HEOOXOANMA TIPH UX pa3pabOTKe, MOHH-
TOPHUHTE, TUATHOCTHKE M TEXHUIECKOM 00CTy>KuBaHuH [1],
HO TJIaBHOE — JUIS TIPEIOTBPAIICHUS CITyyaeB Meperpys3Ky,
KOTOpbIE MOTYT BBI3BaTh UX MOBpexkAeHue [2, 3]. B mepByto
odepesib 3TO OTHOCUTCS K IPY30BBIM COCTaBaM, IIPEBHIIIIE-
HUE Beca B BarOHAaX KOTOPBIX MOXKET IPUBOAUTE HE TOJIBKO
K Oosiee OBICTPOMY M3HOCY M Pa3pyLICHHIO JKEJIE3HOI0-
POXHBIX ITyTel U BarOHHBIX KOJEC, HO U K CXOJY COCTaBa
¢ penbeoB [4, 5]. BaxkHoe 3HaueHHe UMEET TaKkKe OLEHKa
PaBHOMEPHOCTH PaCHpEIeNICHNs TPY30B B Baroxe [6].

CucTeMbl B3BEIIMBAHNS B JABYKCHUH TTOJTYUWIIN IITH-
pOKO€ pacmpocTpaHeHHE B 001acTH MOHUTOPHUHTA, M-
arHOCTUKHU M KOHTPOJI COCTOSIHUSA KEJIE3HOJOPOKHOU
nHGPacTPyKTYpHI [7] 3a c4eT BO3ZMOKHOCTH BBITIOTHATH
M3MEpEeHHs BO3JCHCTBYIOIINX HATPY30K M MAacC BarOHOB
0e3 BMeIIaTeNbCTBA B yCTAHOBJICHHBIHN IpaiK CIIEIOBAHHS
noe3oB. OJHaKO TOUHOCTh TAKUX CUCTEM HUXKE, YeM y
crarnueckux [5, 8—10]. Cucrembl cTaTHYECKOTO B3BEIIH-
BaHUS (CHCTEMBI U3MEPEHHsSI CTaTUYECKUX HArpy3ok), B
CBOIO OYepelb, XapaKTepPU3yIOTCS BBICOKOW TOYHOCTHIO,
HaJIeKHOCTBIO, IIPOCTOTOM YCTAHOBKH M KCILUTyaTallHH.
Kpowme Toro, kak mokasaHo B [9], B ciryuae, Koria CKOpocTh
COCTaBa HEBBICOKA, AMHAMUUECKUMHU d(p(hexTamu npu 1BU-
KEHUH COCTaBa MOJKHO ITPEHEOPEYb.

JI1st OLIEHKM BEJIMUMHBI CIIBUTA PEIIbCa, N3TNOAIOIIEro
MOMEHTA U BEPTHKAIBHBIX HATPY30K MCIIOIB3YIOTCS TEH-
30METPUYECKUE JaTYMKHU JedopMannii 1 MEXaHU4eCKOro
HampspkeHud [11-13], nbe30pe3uCTUBHBIC U MHE303JICK-
Tpuueckue cucteMsl [ 14, 15]. ipyrum pacnpocTpaHeHHbIM
CPEICTBOM M3MepeHUst ie(hOpMaIHii SBISIOTCS yCTPOHCTBA
Ha OCHOBE BOJIOKOHHOM onTHYecKoil pemerku bparra [16—
18]. Yame Bcero maryuku aedopMaruii yCTaHaBIHBAIOTCS
Ha wieiike [ 13] unu nogouse [1, 19] penbca.

B paborte [9] uccrenoBaHo BIUSHIE HEPOBHOCTH ITyTEH
1 CKOPOCTH JIBMXKCHHUS COCTaBa Ha BEIMYMHY HArPy30K,
OIIPEAEIAEMYIO CHCTEMAaMH B3BEIIUBAHUS B JBIKCHUH, a
TaKke Ha OCHOBE YHCIICHHOTO MOZIEIMPOBAHNS BBIIIOIHEHA
OIICHKA BIHSHUSA, BHOCUMOIO CTATHYECKUMHU Harpy3KamH
B n3MepseMsble 3HaueHus. OHAKO MpeIaraeMbli OIX0
TpeOyeT JUIMTEIbHBIX BEIYUCICHUH 1 TOCTOOPabOTKH, 1O-
CKOJIBKY CaMU M3MEpEHUS NMPOBOAITCS B AMHAMUYECKUX
ycnoBusx. OlleHuBaHUEe CTaTUYECKUX HArpy30K, MPUXOs-
LIUXCS HA KOJIECO M OCh BO BPEMS JIBIKEHUS], C YUETOM Pa3-
JINYHBIX TUMOB MOE3710B, IPEIaraeTcs U B [5], B TO BpeMs
KaK IMHAMHYECKUE HATPy3KN UCCIIELYIOTCS C TOUKH 3PEHUS
BIIMSTHHS HA HUX KECTKOCTH U JIEMII(pUPOBAHHS PEITLCOBOM
TIPOKJIIaIKH, TIO3UIIHOHNPOBAHNS H3MEPUTEITLHON CHCTEMBI
1 KECTKOCTHY KOHTaKTa. B [6] mpuBeneHa MeToanka KiIacch-
(UKaIMK IBUKYIINXCSI TIO€3/10B TIPH TIOMOIIM CUCTEMBI U3
6 maTuuKoB AeOpPMAIK M OJHOTO IaTYMKa TeMIIEPaTyphl.
KagecTBO M3MepeHmii MOATBEPKICHO CTATUCTUYECKUMU
METOJ[aMH, OJIHAKO aJTOPUTM 3aBUCHM OT ITOJHOTHI 0a3bl
JIAHHBIX ¥ TIpeJIoyiaraeT KaTuOpoBKY MOJEIH OIpe/iere-
HUSI Harpy3ok. B cucreme, npeacrasieHHoii B padore [20],
JUISL OTIPE/ICIICHHsI BEPTUKAIIBHBIX Aedopmaruii npumeHe-
HBI TEH30/JaTYMKN HA OCHOBE BOJOKOHHOHN ONTHYECKON
pemetkn bparra, npukperuisiemMsle K pesbCy MocpecTBOM

MarHMTHBIX «IUIacThIpeiy. [lomuMo nuHammyeckoro, mpo-
M3BOJIUTCS TAK)KE U CTATUYECKOE B3BEIINBAHNUE, A [UIS BbI-
SIBJICHUSI paclpe/ieJIeHHs] Harpy30K 1 JedopManuii B pesbee
UCIIOJIb30BaH KOHEYHO-3JIEMEHTHBIN aHaIU3.

CyIiecTByeT MHOYKECTBO U3BECTHBIX CIIOCOOOB CpaBHE-
HUSl U COBEPIICHCTBOBAHUS KOHEYHO-3JICMEHTHBIX MOJIC-
JIeH: BEpOATHOCTHBIC, IETCPMUHUPOBAHHBIC, OCHOBAHHBIC
Ha aHAJIN3€ YyBCTBUTEIBHOCTH FITH MAaKCHMAJIHLHOM OO0~
Omm, CBA3aHHBIC C TOBEPXHOCTHIO OTKJIMKA U PETYISIpHU-
sarueit [21]. Tak, B [22] mpoBesieHO cpaBHEHHE KOHEYHO-
DJIEMCHTHBIX Moz[eneﬁ ydyacTKa IMO4YBbI 1 60pOHHOFO JUCKa
C LEJIbIO BBISIBUTH CTEIICHb BIMSHUS (OPMBI, Pa3MEPOB H
TUTOTHOCTH Pa3MEIEeHHUs BBITYKIOCTEH U BOTHYTOCTEH Ha
MOBEPXHOCTH JIUCKA Ha CUITY, JISHCTBYIOIIYIO Ha JIUCK CO
CTOpOHBI 00pabaTsIBaeMOi 1MOYBBI. B KauecTBe MHCTpY-
MEHTA JIJIsl OLICHUBAHUS MOBPEKICHUN B UCTOPUICCKHUX
KaMEHHBIX CTPOEHMsX B [23] mpeyioxkeHa reoMeTpuye-
CKasi KOHEYHO-3JIEMEHTHAsI MOJIeTh HCTOPHUYCCKOHN IEPKBU
(XVI Bek, Utanmst), MakcuManbHO TIPUOIIKEHHAS TIO CBO-
UM KHHEMaTH9YEeCKIM U THHAMUYIECKUM XapaKTePHCTHKAM
K pe3yibraTaM HaTypHBIX U3MEpeHM. BhinoiaHeHo cpas-
HEHHUEC MPCABAPUTCIBHBIX KOHEYHO-2JICMCHTHBIX MO}IeJ’IeI\/’I,
OTIINYAIIUXCA T'PAaHUYHBIMU YCJIOBHUAMU: B OJIHOﬁ u3
Moyieneil OCHOBaHME 3/1aHus (PUKCHPOBAJIOCH, B IPYTOi —
3aaBaJIOCh YIPYTUMH MPY>XMHHBIMH TIOJIBECKaMu, 1 Oojee
MPUOIIDKEHHBIC K IAHHBIM U3MEPEHUH Pe3y/IbTaThl O3B0~
JIMJIM Pa3padoTaTh TPETho, 00JIEe TOUHYIO MOJEIIb.

Ienp HacTosmel paboOTHI 3aKiI0daeTcsl B pa3pabor-
K€ TBEPIOTEIBbHBIX KOHCYHO-3JIEMECHTHBIX MOJENCH U
METOIUKH MOJCTUPOBAHUS IepopMaIuil B )KeIC3HOIO-
POXHOM penbce TIOA BO3ACHCTBHEM HArpy30K IS WACH-
TruKay Beca (Macchl) KeIe3HOIOPOKHBIX BarOHOB.
OCco0EHHOCTSIMH TIPEJIaraeMoro TMoIXo/1a SBISIOTCS Oosee
KOPPEKTHOE BOCIIPOU3BEICHHE FeOMETPUUECKHX U (hr3nye-
CKHX XapaKTePUCTUK MOJIEITMPYEMbIX OOBEKTOB, YUeT BIIHSI-
HU TEMIIEPATYPhI PEJIbCa U IMO3UIUOHUPOBAHUA BarOHHOI'O
KOJIeCa OTHOCHTEIILHO YCTAaHOBJICHHBIX JIATYNKOB Ha BEJU-
YuHYy Je(QOopManuil U, COOTBETCTBEHHO, HCIIBITHIBAEMBIX
Harpy3oK, a TaKKe UCCIIeIOBAHNE M YTOYHCHNE TPAHIYHBIX
yCIIOBHI JuTs 00J1ee KOPPEKTHOTO BOCIPON3BE/ICHNS MOJIe-
JUPYEMOTo TIpoIiecca.

TeepaoresibHbIE MOIEJIH
U METOAUKA MOJIeJTHPOBAHUSA

IlepBas TBepmoTEIBHAS MOIEINb (MO/EIB 1), IpeacTaB-
JICHHAs Ha puc. 1, a, U pa3paboTaHHAs METOIUKA MOJICIIH-
POBaHUS MMO3BOJISIOT ONPEACIATh 3HAUCHUS JehopMannii
U MEXaHWYECKUX HAMPSHKEHUI B MECTaX MPe/IIoiaraeMoi
YCTAHOBKH TEH30/IaTYUKOB CHCTEMbI JKEJIE3HOJOPOKHBIX
BecoB [24]. OcOOEHHOCTHIO METOANKH SIBIISICTCS YUET TEM-
HepaTypHbIX JiehopMaIHii, KOTOPBIM PENbC TOBEPraeTcs B
Iporiecce ero SKCcruTyaramy. Mozens | Ob11a uceaenoBana
B cpeane ANSYS Workbench (moaynu Static Structural u
Steady-State Thermal) ¢ psiiom nomyIieHuA: paccMOTPEeH
TOJIBKO yYacTOK peiibca AJIMHON 1 M, Jexamuii Ha ABYX
IINaax; pejabc )KECTKO CBS3aH CO IIMalaMH, IINalbl 3a-
KPEIUICHBI C HIJKHEH CTOPOHBL; 00a TOpIa peibca CBOOOTHO
neopMUPYIOTCS B OTBET Ha TEILIOBOC BO3JICHCTBHC Ha
pelbe; 3aada CYNTACTCS CAMMETPUIHON OTHOCHUTEITBHO
CepeIMHbI OCH KOJieca, ¥ PACCMATPUBAIIACH TOJIBKO MOJIOBH-
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250 My

200 )

45 My

0,000

0,500

1,000 m

Puc. 1. TBepnotensusie Mogenn 1 (a) u 2 (b). B yBenmdaenHoM Macurrabe moka3aHbl IPKUMHON OONT M IIIOCKOCTH, HA KOTOPYIO
JEUCTBYET NPHKUMHAS CHIIa

Fig. 1. Solid-state models 1 (a) and 2 (b); the clamp bolt and surface on which downforce acts are shown scaled up

Ha CTPYKTYPBI, T. €. OJIMH PEJIbC M OJHO Kojeco. Ha puc. 2
CXEMaTHYHO TPEACTABICHA KEJIE3HOAOPOKHAS TUIETh U
0003HaYEHBI KOMIIOHEHTHI ee (parMeHTa, oOpas3yromle
00BEKT, UCCIIeNyeMbIi B HACTOSIIEH padoTe.

Ilon Bo3neiicTBHEM TEMIIEpPATyphl OKpYIKaIOLIEH Cpebl
KEJIe3HO0POKHAs TIIETh (y4acTOK PElbCOBOTO MOJIOT-
Ha, O'PAaHUYEHHBI HECBAPHBIMH CTBIKAMH, B IIpEesax
KOTOPOTO PEIICHI COSIUHSIIOTCS MEXKIy co00i CBaApHBIM
CII0CO0OM) YIUIMHAETCS WM COKparnaercs. MoxHO mpef-
MTOJIOXKHTD, YTO AATYUKH IS )KEIE3HOJOPOKHBIX BECOB
JIy4Ille BCETO pacriojlaraTb Kak MOJKHO Onmxe K HecBap-
HOMY CTBIKY, T. €. K OJHOMY U3 KOHIIOB KeJIe3HOJIOPO’KHOI
TUIETH, TOCKOJIBKY B 3TOM MECTE ITyTeM U3MEHEHUS HINPHU-
HBI 3230pa HECBAPHOTO CTBIKA, TEMIIEPATYPHBIE HAIIPsIKE-
HUSI MOTYT PEIAaKCHPOBaTh, M MX BKJIAJl B BEPTUKAIbHYIO
COCTABJIAIONLYIO Je(OopMaIui peNbca MUHUMAJIEH, YTO
JIOJIKHO YMEHBIINTh HOTPELIHOCTh U3MEPEHUs MacChl XkKe-

naruuk 4

mraia

JIaTYhK 3

u udu

HECBAapHOU CTBIK aTyuK 2

naTyuk 1

Puc. 2. CxemaTn4yeckoe peICTaBICHUE PelIaeMoi 3a/1auu

Fig. 2. Schematic of the solvable problem

JIC3HOIOPOKHBIX BaroHOB. TakuM oOpa3om, B moxenu |
HEOOXOIMMO YUIECTh Pa3IMIHbIC YCIOBHUS IS IBYX TOPIIOB
penbca: BO3MOXKHOCTB €T0 YUIMHEHHUS CO CTOPOHBI HECBAp-
HOTO CTBHIKA ITOJT BO3JACHCTBHEM TeMIIepaTyphl OKpPYKako-
LIEeH cpelibl U OTPAHUYEHUE TAKOM BOZMOKHOCTH € APYTOH
CTOPOHBI BBHY TOTO, UTO MaTepHal OCTaJbHOI MacChl
TUIETH CONPOTHBIISIETCS PACIIMPEHHIO.

Bropas tBeprorensHas Moaenb (Mozens 2) (puc. 1, b)
Obl1a pazpaboTaHa ¢ y4eTOM BO3MOXXHOCTH TEILIOBOTO
pacuIMpeHus pebcoBOro MoJoTHA. B manHo# Moxenun
OTpaHMYEHUEM BO3MOKHOCTH YJIMHEHUS peibca U3-3a
CONPOTHBIIEHHS MACChI IUIETHU SBIISIOTCS TPAHUIHBIE YCIIO-
B Ha OTHOM U3 TOPIIOB PEJIbCa, 3alpeIarolie mepeMe-
meHus 1o ocu X, T. €. Ag, = 0. BO3MOXKHOCTb yIJIMHEHUS
penbca obecreunBaeTcs 3afaHIEM B MOZIETIH 2 HHOTO THITA
KpeTieHus pesbca K mmane. B mogenu 1 penbe coennneH
co mmaJioil koHtaktoMm bonded (xecTkoe 3aKkperieHue), B
Mojeiu 2 — KoHTakToM frictional, KOTOpEIiA 0OecieunBaeT
BO3MO)KHOCTD JIBHIKCHHUS pelIbca I10 MINaje ¢ 3aJaHHbIM
ko3¢ durrienToM Tperus 0,6. JI0MOTHUTENBHO PEbC MPHU-
JKaT K HInajie B ABYX Toukax ¢ cuiioil 20 kH, uro umMutu-
pyeT AeWCTBUS NPUKUMHBIX 00NTOB MM cKoO. Ha Hux-
HUX CTOpOHAX IINaJ IPaHUYHbIC YCIOBUS 337aHbI B BHJC
Asx,y’z = 0. B oboux ciaydasx MCCIeIOBaH JUAMa30H Ha-
rpykaeMbix Macc ot 2500 kr o 12 500 kr npu pacyere Ha
OJTHO KOJIECO BOCHMHKOJICCHOTO BaroHa Il TPEX pasiid-
HBIX TemIiepaTyp penbea: muayc 20 °C; 22 °C; 50 °C. Ilpu
3aJIaHuU IPAHUYHBIX YCIOBHI st 3anaun Steady-State
Thermal B ciy4ae BbICOKOIl TeMIepaTyphbl JJisi BEPXHUX
noBepxHoCTel Mojienu penbea ¢ = 50 °C, i 0CTalIbHBIX
MOBEPXHOCTEH 3a/1aHbl YCIIOBHS TerioooOMeHa ¢ koaddu-
ruenTtoM Temtonepeaaun 25 Br/(mM2-°C) u temmeparypoit
okpy»katomeit cpeast 30 °C; st HU3KOM TeMIeparypsl Ha
HIKHEH noBepxHocTu penbea ¢ =0 °C, a Ha 0CTaIbHBIX
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3aganbl Koddduuuent remwionepenaun 25 Br/(m2-°C) u
TeMIeparypa okpyxaroiuei cpeasl munyc 20°C. 3anaya
pelieHa Juisl CIeAYIOIUX TapaMeTpoB Marepuaa Koyieca
U pernbea: WioTHOCTh 7850 kr/m3, Momyis FOura 2- 1011 T1a,
ko3¢ durment Ilyaccona 0,3.

OcHoBHasl 3a/1a4a UCCIICIOBAHUSI — CPaBHEHHUE pe-
3yIbTaTOB MOCITUPOBAHUSA Mojenei | u 2, a MMEHHO,
YTOYHEHHUE CTENICHU BIIHMSHUS TEMIIEPATyphl HA 3HAUCHUS
nedopMaruii B MecTax mpeanojaraeMoil yCTaHOBKH TEH-
30METPUYECKUX JIATIYMKOB.

Ananus pe3yabTaToB

B cpeme ANSY'S Mechanical Bo3moskeH pacuet nedop-
Maruii, BOSHUKAOIIIX B KOHEYHO-3JIEMEHTHOM MOJICIIH TTO]
BO3/ICHCTBHEM PA3THMYHBIX MEXaHUYECKUX MIIA TeMIIepa-
TYPHBIX 3(P(PEKTOB, IO TPEM 0CAM KOOPIMHAT (TPEXMEPHBIH
ananm3). Ha puc. 3 mokazano pacnpesenenue aegopmanuit
0 TPEM OCSIM JIJISl BCeH MCCIIeAyeMOii CTPYKTYPBI (KOJIeco,
PpelibC, LINabl) MPU CIEAYIONMX UCXOJHBIX AaHHBIX: MO-
nenb 2; macca Harpy3ku 12 500 kr; Temmneparypa okpyxKa-
romeit cpenst 22 °C; KoopiuHaTa T€OMETPUUECKOro LIEHTpa
KoJIeca, OTCUUTHIBAeMas OT JIEBOTO Kpasi )parMeHTa penbca
(puc. 1) 350 MM. AHaTOTUYHBIC UCXOHBIC JAHHBIC OTHOCST-
csi K puc. 4 1 5 (32 HCKITIOUEHUEM 3HAYCHUH TEMIIEpaTyphI).

Monyas: Static Structural
Tum: Hanpasiennas pedopmars (1o Y)
Enunuua usmepenus: 107 m

8,9525 Makc.

6,9535

49544

2,9554

0,9564

~1,0426

-3,0416 Y
-5,0406

~7,0397

-9,0387 Mun.

VA

Monyas: Static Structural
Tum: O6mas nedopmarms
Enununa

mmepenus: 1074 m

9,4022 Makec.

0,000 0,500 1,000 m

Puc. 3. Pacupenenenue nedopmaruii B CTpyKType IIpH
temmneparype 22 °C

Fig. 3. Distribution of the deformations in the structure at
temperature +22 °C

0,000 0,400

Mopyas: Static Structural
Tumn: Hanpasnennas nedopmarys (1o Y)
Enununa nzmepenus: 10° M

6,5179 Makc.
2,9533
-0,6112
—4,1758
—7,7404
-11,305 Y
—14,869
—18,434
-21,999
-25,563 Mun.
Z

0,800 M

0,000 0,400

0,800 m

Puc. 4. Pacnpenenenus nedopmaruii mo ocu Y B pensce mpu temneparypax 50 °C (a) u munyc 20 °C (b)

Fig. 4. Distribution of the deformations along the Y axis in the rail at temperatures 50 °C (a) and —20 °C (b)
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Ansys

2021 R2

0,000

Monayas: Static Structural
Tum: Hanpasnennas nedopmanyus (1o X)
Enunuua uzmepenus: 107 m

3,6423 Makec.
2,9131

2,1839

1,4547

0,7255
—-0,0036
-0,7328
—-1,4620
-2,1912
-2,9204 MuH.

0,045

)
0,090 m

S 4 W
SOV AN

Puc. 5. Pacipenenenus nedopmaliuii: ¢ ykazaHueMm touek uameperus nedopmarmu 1 u 2 (a); mo ocu X B CeYSHUH pelibca
npu ¢ =22 °C (b)
Fig. 5. Distribution of the deformations with indication of deformation measure nodes 1 and 2 (a); along the X axis in rail section at
t=22°C (b)

PesynbraTel pacuera pacnpeneneHns BepTUKaIbHBIX
nedopMaIiuii o TONIINHE pelibea mpu Temmeparypax 50 °C
u munyc 20 °C npencrasiessl Ha puc. 4. Bugno, uto pas-
HUna aedopManuii B BEpXHEH 4acTH penbea, HaXosIencst
HETOCPEACTBEHHO TI0/] KOJIECOM, ISt IBYX KpalHHUX TeMIIe-
paTypHbIX ciyuyaeB gocturaet nopsjaka 200 Mxm.

Ha puc. 5, a mokazano pacrmpeneicHue aedopMariit
IO TPEM OCSIM B peribce TpH Temmeparype 22 °C, a OKpyx-
HOCTSMH 0003HauEHBI TOUKU M3MepeHus aedopmarmm |
2. IlockonbKy aHAIM3 TEMIIEPATYPHBIX U MEXAHUYECKHUX
BoznieicTBU B ANSY'S BBITIONHSIETCS JIs1 KOKIOTO y3i1a
KOHEYHO-3JIEMEHTHOM MOJEIH, 3TO MO3BOJISAET OLICHUTD
pe3ysbTaThl pacuera pacnpejaeneHus aedopmanunii B Tom
YHCIIe BHYTPU CTPYKTYPHI, & HE TOJIBKO Ha €€ IIOBEPXHOCTH
(puc. 5, b).

3aBUCHMOCTH JIeOopMaLiy Pebca Uil TOYEeK U3Mepe-
Hust repopmarmu 1 u 4 (puc. 2) ot Harpy»)aeMoi Macchl,
TeMIIepaTypbl pesibca M PACTIOIOKEHUSI [IEHTPa OCH Kojleca
s mozenert 1 u 2 npuBenensl Ha puc. 6. B pesynbrare

CpaBHCHUA MOACIIUPOBAHUA 11 MOACIN 1, BBITIOJIHCHHOT'O
0e3 ydyera 0COOCHHOCTEH TEMIIEpaTypHOTO BIMSHUS Ha
MPOTSHKEHHBIN PENBCOBBIN MyTh, C Pe3y/IbTaTaMH MOJEIH 2
(puc. 6) MOXKHO czienaTh BBIBOJ, YTO (pOpMa 3aBUCUMOCTEH
BEPTHKAJBHBIX JehopMaluii B MECTax MpearnoiaracMoi
YCTaHOBKU TEH30METPHYECKHX TaTIMKOB 1 U 4 OT pacnono-
JKEHHS KoJieca Ha pesibee, TEMITEPaTypbl U MacChl HAarpy3KH
COXpaHseTcs.

CoxpaHseTcs TakXKe TOJ0KeHHe Hanboee KPYTHIX
y4acTKOB rpaduka, KOTOpble COOTBETCTBYIOT AUANa30HAM
250450 mm 1 650-750 mm. TTosto’keHHE TOUYKH, COOTBET-
CTBYyIOLIEH HanOOJbIIEMY NPOTUOY pejibca MO BO3/IeH-
CTBHEM Harpy3KH, KOTOpoe JUisi MoZIeH | Bceraa CoOTBeT-
CTBOBaJIO KoopauHare 550 MM, Juist MOjIeNu 2 HE COBIaIaeT
¢ xoopauHaroit 550 MM npu Temneparype penbca MUHYC
20 °C u cootBercTByeT KoopauHare 450 mMm. B monenu 1
NPU HATPEBAHUU PEIIbC PACLIMPSIICS U U3THOAINCS BBEPX,
HPH OXJIAXKICHHH, HA000POT, CKMUMAJICS U U3THOAJICS BHU3.
AHAJIOTUYHOE TIOBEJICHHE MOYKHO HaOMIONATh U B MOJICIH 2,
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Puc. 6. 3aBucumoct nedopmariuii pesibca B TOYKax YCTAHOBKH IaTYHKOB | M 4 OT Macchl Harpy3KH M KOOPIMHATHI Kojeca
npu TeMreparypax peibca: munyc 20 °C (a, b), 22 °C (¢, d), 50 °C (e, f) nns mozeneii 1 (a, ¢, e) u 2 (b, d, f)
Fig. 6. Dependence of the rail deformations in sensor installation nodes 1 and 4 vs. the load mass and the wheel coordinate at rail
temperatures: —20 °C (a, b), 22 °C (c, d), 50 °C (e, f) for models 1 (a, ¢, ) and 2 (b, d, f)

OJTHAKO BIMSTHHE TEMIIEPaTypPHBIX nedopManuii s Mo-
nenu 2 Hike, ueM aust mopenn 1. Tax, mms Mmoxenn 2 pu
temmeparype 50 °C B obrmacTn MaKCHMaJIbHOTO MPOTHOA
penbca ¥ Ipu MaKCHUMalbHOW HArpy3Ke BepTHKaJIbHBIE
nedopmaruy IPUHAMAKOT OTPULIATESIIBHBIC 3HAYCHMS, TOTIA
KaK KpUBBIE HA COOTBETCTBYIOIIEM TpaduKe st Mozesu 1
HaXOAsSITCA B 00JIACTH IOJIOKUTEILHBIX 3HAYEHMIT; a0co-
JIIOTHBIC 3HAYCHUS Ae(opMaliuii TP TEMIIEPaType MUHYC
20 °C nnst Mozenu 2, COOTBETCTBEHHO, OKA3bIBAKOTCS HUAXKE,
4yeM 11 Monenn 1. MoXHO ¢/ieniaTh BBIBOJI, YTO ONMHCAHHAS
METOAWKA yYeTa BIHUSHUS TEMIIEPaTyphl OKpYyXKaromen
Cpebl Ha PeTbCOBOE TIOJIOTHO OTIpaB/IaHa.

B nanpHeiiiem riaHupyeTcst UCCIIEA0BaTh TBEPAOTENb-
HYIO MOJIEJTb KOJIECHOM Taphl IS ONPEACTICHUS BIASHUS
TIPUHATOTO B HACTOSATICH padoTe yIpoIIeH:s Ha BETHIHHBI

nedopMmanuii, a TakKe HCCIe0BaTh, HACKOIBKO JJINHA
perbea OT MecTa MPEATIoTaraéMoro pacioIoKeHNs TeH30-
JIATYMKOB JI0 HECBAPHOT'O CTHIKA BIMACT HA 3P (HEKTUBHOCTH
OIIPEEIICHNSI BEINUMHBI HATPYy3KH.

3akaouenune

B pabore BBITIONHEHO CpaBHEHHE KOHEUHO-AIIEMEHT-
HBIX MOJIEJICH CHCTEMBI B3BELINBAHMUS JKEJIE3HOTOPOKHBIX
BAaroHOB, a TAKXKE Pa3pabOTaHbI M YyTOUHEHBI METOAMKH MO-
nenupoBanus. [1o pesynbraram ucciieqoBanust Moaenu 1 u
MOZIeNH 2, KOTOpasi OTIIMYAeTCs] OT MOJEIH | TpaHUYHBIMU
yCIIOBUSIMHU, 00JIEe PETIEBAaHTHO BOCIIPOU3BOASIIIUMH OCO-
OCHHOCTHU MEXaHHYECKOTO BSaHMOHeﬁCTBHH KOMITIOHCHTOB
MOJIENH, YCTAaHOBIIEHO, YTO:
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— COINIaCHO pE3yJIbTaTaM MOACINPOBAHNS MaKCUMaJIbHAsA

14.

BEJIMYMHA BEPTUKAIBHOU JieopMaluyl y4acTKa pelib-
ca, Ha KOTOPOM 3aKpeIlIeH TeH30/1aTYHK, ITPH MTOJTHOH
3arpy»KEHHOCTH BaroHa COCTABIISACT ISt MOAETH | OT
MUHYC 245 MM (13ru0 BHA3) 10 15 MKM (M3rH0 BBEPX)
B 3aBHCHUMOCTH OT TEMIIEPaTyphl peibca, a Ui Mojie-
7m 2 — oT MuUHYC 225 MM 10 muayc 100 MM (13rH0
pensca BHA3 B 000HX CIydasx);

CTEIICHb BJIMSTHUSA TEMIIEPATYPHBIX yCIOBUI Ha BEIU-
YHHY BEPTHKAJIBHBIX JIe()OopMaInii pesibca B yCIOBHIX
MOJICIIBHOTO 9KCIEPUMEHTa (MOJeIb 2) OKa3bIBACTCA
MEHbIIIE [0 CPABHEHMIO C BIMSHUEM TEMIIEPATYPhI B
TIEPBOM JKCIIEpUMEHTE (MOJIeNb 1);
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HUPYETCS POBECTH Oosee MoAPOOHOE UCCIENOBAHNE MO-
JIEJTHA C IByMsI KOJIECAMH M OCBIO C IIENIBI0 OTIPEACIICHHUS
ONTUMAJIFHOTO C TOYKH 3PEHHUS BPEMEHHU MOJCTHPOBAHUS
1 TOYHOCTH TIOJTy9aeMBbIX Pe3yIbTaToB CIoco0a mocTpoe-
HUS TBEPAOTEILHON MOJIENN JIJIsl MOJIETMPOBAHUS CUCTEM
BaroHHBIX BeCOB. Takke mpesnonaraercs pazpaboTka me-
TOJIMKH UCTIOJIb30BAaHUS NCKYCCTBEHHBIX HEMPOHHBIX ceTei
JUISl yTOYHEHMsI TOKa3aHUN BarOHHBIX BECOB.

10.

12.

13.
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