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OMPEAOEJIEHME COCTABA 1 YPOBHA CIT, ,gEI7ICTBy}OLLI,I/IX HA
KOHCOJIbHYHO YACTb EOKOBOV PAMbI B
MPOLIECCE 3KCIVTYATALUMN TPY30BOIO BATOHA

[aHHasi cTaTbs MOCBSLLEHA UCCNEA0BAHMIO OMONHUTENbHbIX MOMEPEUHbIX U NPOAONLHBIX CUA, AEACTBYHO-
LMX HA KOHCOMbHYIO YacTb GOKOBOW pambl MpU ee AMHAMUYECKOM B3aUMOLENCTBUM C 6YKCOBbLIM Y3110M KOfec-
HOW napbl. [encTBIUS AOMOMHUTENbHBLIX CU/, KOTOPbIE He YYMTbLIBAKOTCS NMPW pacyeTax Ha MPOYHOCTb COF/IACHO
[e/iCTBYIOLLMM METOAMKAM, MOFYT 3HAYNTENbHO CHU3UTL YCTAIOCTHYH [ONMTOBEYHOCTL GOKOBBLIX pam v mocny-
YUTb OAHOI M3 NPUYMH UX M3NMOMOB. Llenbio flaHHOV pa6oTbl GblN aHaIM3 COCTaBa M YPOBHS CUN, AeNCTBYOLLMX
Ha KOHCO/bHYH YacTb GOKOBOW pambl B NpoLiecce aKCMyaTaLuum rpy3oBoro BaroHa. [ns atoro 6bi1a NocTpoeHa
TpexMepHasi MOfe/b COUNEHEHNS YEeNOCTHOrO NpoemMa 6OKOBON pambl C GYKCOBLIM Y3/IOM W BbIMOHEH aHaN3
BO3MOXHbIX BapuaHTOB UX B3aMMOZeicTBMsA. Ha OCHOBe AaHHOro aHaiM3a 6bina fopaboTaHa CyLecTBYHOLLAs
maTemaTuyeckasi MoJeNlb rpy30BOr0 BaroHa. BbIMO/HEHO MOAENMPOBaHME ABUXKEHWS TPY30BOFO BaroHa Mo nps-
MbIM Y4acTKaMm MyTh W NP BNUCLIBAHUW B KpuBYHo paguycom 300 M C pas/IMyHbIMK CKOPOCTAMU ABMKeHUS. o
pesynbTaTaM pacyeToB MOCTPOEHbI 3aBUCUMOCTM 3HAYEHWIA [OMONHUTENbHBIX CUf, AECTBYHOLMX HA KOHCOMb-
HYIO YacTb GOKOBOI pambl, OT CKOPOCTW ABUXXEHWS BaroHa. AHa/In3 pe3y/bTaToB BbIMO/HEHHbIX PacyeTOB M0O3BO-
JNN YCTAHOBUTb COCTaB W YPOBEHb CWJ, IEMCTBYIOLWMX Ha KOHCO/MbHYHO YacTb GOKOBOV pamMbl BaroHa, KOTopble
He YYUTbIBA/IMCb NPY pacyeTax Mo CyLLECTBYHOLWMM MeTOAMKaM. MonyyeHHble pe3ynbTaTbl 6yAyT UCMONb30BaHbI
Ha NocnefytoLmx aTanax UccneaoBaHKs ¢ Leblo YTOUHEHUS HanpsXKeHHO-AedopMUPOBaHHOIO COCTOSHUS GOKO-
BOVi pambl 1 pa3paboTKM PeKOMeHAALMIA MO COBEPLLIEHCTBOBAHMIO €8 KOHCTPYKLIMW.

[laHa cTaTTa npucesyeHa AOCNIHKEHHIO JOAATKOBMX MOMEPEYHX i MOB3AO0BXHIX CUA, WO Ait0Tb Ha KOHCO-
NbHY YacTuHY GiYHOT pamn npw Ti AMHaMIYHI B3aEMOZIT 3 6YKCOBMM BY3/10M KOMiCHOI Napu. Bnine fofaTkoBUX
CWA, AKI He BPaxoBYHOTLCA NPY PO3paxyHKax Ha MiLHICTb 3rifHO 3 YAHHUMU METOANKAMU, MOXeE 3HAYHO 3HU3NTU
BTOMHY [JOBFOBi4HICTb Gi4HMX paMm i ByTU OAHIE0 3 MPUYMH iX 3n1aMiB. MeTo AaHoi po6oTu ByB aHani3 cknagy
Ta piBHA CWA, WO Ai0Tb HA KOHCOMbHY YacTuHY 6GiYHOT paMu B MpoLieci eKcnayaTauii BaHTaXHOro BaroHa. s
Lboro 6yno nobyfoBaHoO TPUBMMIPHY MOAEMb 34eHYBaHHS LLENENHOro 0TBOPY 6i4HOT paMu 3 6YKCOBUM BY3/10M i
BUKOHaHWIA aHani3 MOXIMBUX BapiaHTiB iX B3aeMogii. Ha ocHOBI faHOro aHanisy byna goonpaupboBaHa iCHyto4a
maTemaTiyHa Mofefb BaHTaXXHOro BaroHa. BUKOHaHO MOAENtoBaHHS pyXy BaHTaXHOr0 BaroHa Mo npsamMmx gins-
HKax Konii Ta npu BNu1CyBaHHi B KpuBY pagiycom 300 M 3 pisHUMY LUBMAKOCTAMU pyXy. 3a pesynbTaTtamu pospa-
XYHKIB No6yf0BaHi 3a1eXHOCTI 3Ha4yeHb [0AATKOBMX CW, WO Ait0Tb HAa KOHCOMbHY YacTWHY 6i4HOI pamu, Bif
LUBMAKOCTI PyXy BaroHa. AHani3 pesynbTaTiB BUKOHaHUX PO3paxyHKiB [03BONMB BCTAHOBUTY CKag, i piBeHb cun,
LU0 Ait0Tb Ha KOHCOMbHY YacTWHY GiYHOT paMu BaroHa, fKi He BpaxOBYBaaMCA MPU PO3paxyHKax 3a iCHyrouMmMn
meToaukamu. OTpumaHi pesynbTatii 6yayTb BUKOPUCTaHI Ha HaCTYMHWX eTanax fOCAIMKEHHS 3 METOK YTOUHEH-
HS Hanpy>xeHo-A4eopmMOoBaHOro CTaHy 6iYHOI pamu i po3pobKM pekoMeHAaw il LWOAO BAOCKOHaNEHHS Ti KOHCTPY-
KUT.

The paper deals with the study of additional lateral and longitudinal forces affecting the side frame cantile-
ver part with its dynamic interaction with an axle box assembly of the wheel pair. The effects of additional forces
that are not taken into account in the strength calculation by our standards may significantly reduce the fatigue
life of side frames and result in their fractures. The work goal was to analyze the content and level of forces affect-
ing the cantilever part of the side frame in operation of a freight car. To attain this, a three-dimensional model for
coupling the jaw opening of the side frame with the axle box assembly has been built, and possible versions of
their interaction has been analyzed. Based on the analysis presented, the existing mathematical model of a freight
car has been updated. The motion of the freight car on the straight track and curved track of 300 m radius at dif-
ferent speeds has been simulated. According to the results, the dependences of the values of additional forces
affecting the cantilever part of the side frame on the car motion speed have been derived. The analysis of the
results of the calculations conducted allowed the determination of the content and level of forces affecting the
cantilever part of the car side frame that are not taken into consideration using the existing procedures. The results
obtained can be used in further studies with the aim of refining a stressed-strained state of the side frame and
developing recommendations for improving its design.

KntoueBble cnioBa: rpy30Boil BaroH, U310Mbl 6G0KOBUH, JOMONHATENbHbIE CUlbl,
[eNCTBYIOLME HA KOHCOMbHYIO YacTb 6OKOBOIA pambl.

B nocnegHve rogpl Ha CeTW XenesHblX gopor koneu 1520 mm Habnogaetcs
TEHAEHUMA CYLLECTBEHHOrO YBE/NMYEHMS YnCna U3N10MOB GOKOBbLIX paM Teexek
rPYy30BbIX BaroHoB [1, 2], 4TO MOXET 6bITb CBSA3aHO C M3MEHEHMEM KOHCTPYKLMM
OOKOBUH (NePexof Ha Kopo6yaToe ceueHre KOHCONMbHOI YacTn). KopobuaToe ceveHve
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SBNSETCA 60/1ee XKECTKUM MO CPABHEHMIO C [BYTaBPOBLIM U He CMOCOGHO, YNpyro
AeopmMmMpysich, racTb AOMONHATENLHOE BO3AENCTBYE OT 3a6eraHnst 60KOBbIX pam
OTHOCWTENLHO ApPYT Apyra. Kak N3BeCTHO, OAHWUM W3 HEAOCTATKOB TPEX3/IEMEHTHOI
TENEXKMN SBMISETCS BO3MOXHOCTb 3a6eraHisi GOKOBbIX paM, NpPX 3TOM Ha KOHCOSb-
HYIO YaCTb paMbl MepPeatoTCs AOMNOMHUTENbHbIE M3rMOAIOLLME U KPYTSLLVIE MOMEH-
Thl, YTO MOXET 3HAUNTE/IHO CHW3WTb YCTA/IOCTHYIO [0/ITOBEYHOCTb GOKOBbIX pam U
MOCMYXXUTb OAHOI 13 MPUYMH X M3NOMOB. Takxe criedyeT OTMETUTb, UTO [eiicTBMe
[OMNONHUTENbHBIX CW/, BO3HUKAIOLLMX NPy 3a6eraHMn 60KOBbIX paM, He YUMTbIBaeT-
CSi MPU pacyeTax Ha MPOYHOCTL COFNACHO AENCTBYHOLLM MeToAuKaMm [3].

Mpy pacuyeTax HanpsXXeHHO-Ae)OPMUPOBAHHOTO COCTOSIHUSI 9/IEMEHTOB Tene-
KEK TPY30BbIX BarOHOB K KOHCO/bHOW 4acTy 6OKOBOV pambl MPUKIaAbIBalOTCS
rnonepeyHble (K OMOPHOI MOBEPXHOCTU GYKCOBOrO Mpoema, 1 Ha puc. 1) 1 npo-
[0MbHbIE (K YNOPHbIM NPUAXBaM Hapy)XHOI YentocTu, 2 Ha pyc. 1) HarpysKu.

Puc. 1

B 1cnonb3yeMoil cxeme yUMTbIBAKOTCS HE BCE CW/Ibl, KOTOPble MOTYT BO3HM-
KaTb NPU KOHTaKTHOM B3aMMOLEVCTBMI OYKCOBOrO y3na KO/eCHON napbl ¢ 6OKOo-
BOW pamoVi TeNeXKIN B NpoLiecce aKcnayaTauum BaroHa. [ oLeHKM BO3MOXHOCTY
BO3HWMKHOBEHWSA [ONOMHUTE/bHLIX CUA, KOTOPble MOFYT AeACTBOBaTb HA KOHCO/b-
HYI 4acTb GOKOBOV pambl Fpy30BOr0 BaroHa, Heo6XOAMMO BbIMO/HUTL aHaIn3
BapVaHTOB B3aUMOAENCTBIUSA OYKCOBOr0 y3na 1 60KOBOI pambl.

KOHCTpYKLMA 4entoCTHOro npoema G60KOBOM pambl 1 BYKCOBOrO Yy3/a npeano-
naraeT Ha/muve NPOAO/ILHOIO ¥ NMOMEPeYHOro 3a30p0B MeXay NpuanBaMmn Kopnyca
OYKCbI 1 YeNIFOCTHON HanpaBNAIOLLEN, N3-3a KOTOPbIX MOXET MEHSATLCSA XapaKTep UX
KOHTaKTa. [/19 onpefeneHns BO3MOXHbIX MOBEPXHOCTEW KOHTAKTOB U aHaim3a ux
reoOMeTPUYECKMX XapaKTepUCTUK Bblna NOCTPOeHa TPeXMepHas MOAE/b COUIeHEHMS
4eNCTHOrO NpoemMa 6OKOBOV pamMbl C BYKCOBbLIM Y3/10M (puc. 2).

MoKasaHHble Ha puUcC. 2 CUMbl, AENCTBYIOLME HA KOHCO/bHYHO YacTb OOKOBOIA
pambl, MOTYT BO3HMKaTb:

- NPV MONepeyYHOM CMeELLEHUM KOMECHOM Napbl OTHOCUTENIbHO OOKOBOW pambl
M KOHTAKTHOM B3aUMOZAENCTBUM HAPYXKHOI YeHOCTHOW HanpaBnstoLwel ¢ npuam-
Bamu Kopnyca 6yKchbl (CM. puc. 2 a, 6);

- NPV NPOAO/ILHOM CMELLEHUM KONECHOW Napbl OTHOCUTENBHO 60KOBOI paMbl
M KOHTaKTe Ye/IOCTHOW HanpaBnstoLLeii G0KOBOI pambl C BEPTUKabHLIM MPUIK-
BOM Kopnyca 6yKcbl (CM. puc. 2 B);

- 33 CYET CU/1 CYXOro TPEHUS MeXAy OMOPHOV NOBEPXHOCTLIO BYKCOBOr0 Mpo-
ema v OnopHbIMK NpUANBamm Kopnyca 6ykcebl (CM. puc. 2 ).

86



Puc. 2

3 ykasaHHbIX BapvaHTOB HauMbONbLUMIA WHTEPEeC A1 UCCNefoBaHUA npes-
CTaB/MIAOT CNy4Yan KOHTaKTa, NokKasaHHble Ha puc. 2 a 1 puc. 2 6, MOCKO/bKY Npu
TakOM B3aMMO[EeNCTBUM paccMaTpMBaeMbIX Ten BO3HMKAeT 60fiee CMI0XKHOEe Ha-
MPsXXeHHO-4e(OPMUPOBAHHOE COCTOSHNE.

[na OLEHKN YPOBHA CWJI, BO3HUKAIOLWMX MPY KOHTaKTHOM B3auMOZelCcTBUM
OYKCOBOr0 y3/1a U KOHCO/IbHOIM YacTy 60KOBOW pambl, Obl10 UCNOMb30BaHO MaTe-
MaTU4ecKoe MOAENMPOBaHMe [BVXEHWS rPy30BOr0 BaroHa no penbCoBOMY MyTW.
B cyLLecTByIOWMX MaTeMaTUYECKNX MOAEeNsxX KonebaHuii rpy3oBoro BaroHa rpu
MOZENNpoBaHNM CBA3ein mMexay GOKOBOW pamol M KOprycom OYKCbl 0BbIYHO He
YUNTHIBAETCHA BO3MOXHOCTb U3MEHEHWS XapaKTepa UX KOHTAKTHOr0 B3aMMOLENCT-
BUS (pUC. 2), NOCKO/bKY 3TO M3MEHEHWE He MOBUSET CYLLECTBEHHO Ha AWHAMUKY
penbCcoBOro akunaxa. OfIHaKo OHO MOXET CYLLEeCTBEHHO MOB/WATb Ha HaNPSXXeH-
HO-AethopMMPOBaHHOE COCTOSHME caMoli GOKOBOW pambl. [/ OLLEHKN YPOBHS Cul,
[ECTBYIOLMX Ha KOHCO/Ib 6OKOBOIA pambl TENEXKWM, Oblfia BbINOMHEHa fopaboTKa
MaTeMaTUyecKOn MOLENN ABVXEHWUSA IKMNaXKa B YacTu AeTanm3aumm ceasein 60Ko-
BOW pambl C KOPMYCOM 6YKCbI.

MogennpoBaHue AMHaMUYeCKOro B3aMMOAENCTBMA BYKCOBOMO Yy3/1a KOMeCHOM
napbl C KOHCONbHOW 4acTbio 60KOBOI paMbl TENIEXKM MPOBOAWIOCH B Cpeae npo-
rPaMMHOI0 KOMIJIeKCa «YHUBEPCA/IbHbIN MexaHW3Mm». [1ns 3Toro 3a 0CHOBY Oblna
B3AiTa paHee pa3paboTaHHas MareMaTnyeckas MOZe/Sb FPy30BOro BaroHa, nocTpo-
eHHas C 1Cnosib30BaHWeM MoAX0Aa, B COOTBETCTBUM C KOTOPbIM KaXkaas Tenexka
npeAcTaBnseTcs Habopom abCoMOTHO TBEPAbIX Tes, CBA3aHHbIX MOCPeACTBOM
LLIAPHUPOB W1 CWU/MOBBIX 3/1IEMEHTOB. [1n1 MOeNMpoBaHuA CBA3ei 60KOBOM pambl C
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KOprycoM OYKCbl MCMO/b30BaHO 7 CW/OBbLIX 3/1EMEHTOB, MOAENPYHOWMNX KOH-
TaKTHbIE CW/bl TUMA TOYKa—M/I0CKOCTb. MpW 3TOM KOHTaKTHOe B3avMOAENCTBYe
peanu3yeTcs B BUAe MOAENW MojaT/IMBOrO0 KOHTaKTa, NpuM KOTOPOM [AOMYyCKaeTcs
BHELpPEeHVe KOHTaKTUPYHOLLMX 3/1eMEHTOB OAHOr0 Tena B Apyroe [4]. Kaxgplin cu-
NOBOW 3/1EMEHT COOTBETCTBYET BO3MOXHOMY KOHTAKTYy YefIlOCTHOrO MnpoemMa C
KOprycom ByKcbl.

[na OueHKN YPOBHS CU/, AENCTBYIOWMX Ha KOHCOMbHYHO YacTb GOKOBOWA pa-
Mbl, paccMaTpvBaIMCb KONnebaHus TPYy>XXEHOro BaroHa fnpv ABWKEHWU CO CKOPO-
ctamm oT 40 go 120 km/4 no npsambiM 1 oT 30 40 80 KM/Y4 N0 KPUBOMHENHBIM
y4yacTKam MyTu C HEM3HOLUEHHbIMW penbcamu P65. Mo pe3ynbTatam pacyeTos Bbl-
MONHEH aHaNM3 3aBUCUMOCTEN CWU KOHTAKTHOrO B3aMMOLEVCTBMA GOKOBMHBI C
OYKCOI OT CKOPOCTU ABVXXEHWS FPY30BOr0 BaroHa. Y CTaHOB/IEHO, YTO MpW ABMKe-
HWM BaroHa ¢ paccmaTpyBaeMbIM CKOPOCTAMU Kak Mo MpAaMbIM, TaK U KpUBOK-
HEeMHbIM yyacTKaM NyTW He BO3HMKAeT KOHTaKTHOe B3aMMOAENCTBME YEeNIHOCTHOA
HanpasnstoLLeli 6OKOBOW pambl C BEPTUKabHBIM MPUAMBOM Kopryca 6yKCcbl (CM.
puc. 2 B). 3T0 0OBACHAETCA TeM, YTO BO3HMKAIOLLME B MPOLLECCE ABVXKEHWUSA CUJbI
MeHbLLE CU/bl TPEHUS CUENIeHUs MeXay OMoPHbIMU MOBEPXHOCTAMU YEOCTHOro
npoema 1 KOpnycom 6YKCbl (CM. puC. 2 T) U He MPOUCXOAMT NPOAO/IbHOE CMeLLe-
HWe KONeCHOW napbl OTHOCMTENbHO 6OKOBON pambl. Ha puc. 3 mokasaHa cxema
[ECTBMS CWA, NOMYYEHHbIX NO pesynbTatam pacyeTtoB (Fxli, Fx2i , Fyli , Fy2i —
CW/bl, AEACTBYIOLLME Ha YeNIFOCTHbIE HanpasnatoLimMe 60KOBbIX pam; Fwxi , Fwyi —
CW/bl, OEACTBYIOLLME B 30HE OMOPHbIX MOBEPXHOCTeN OYKCOBbIX nNpoemoB (i —
HOoMep GOKOBOV pambl TENEXKN)).

Fy 1i

Fin

Puc. 3

3aBMCUMOCTM YKa3aHHbIX CUM OT CKOPOCTEN ABMXKEHMA MO NPSAMOMY y4acTKy
nyTUM WU Npy BNXCbIBaHUM B KpuByto pagumycom 300 M npuBefeHbl Ha puc. 4 u
puc. 5 cooTBETCTBEHHO. MpK 3TOM Cuna TpeHus, AeCTBYOLWAA B 30HE OMOPHbLIX
MOBEPXHOCTEN OGYKCOBbIX MPOEMOB, Pa3foXKeHa Ha MOMEepeyHytd MU NPOA0SbHYHO
coctasnsaowme (FWXx 1 Fwy COOTBETCTBEHHO), a 3aBUCUMOCTU WX BE/IMYMH OT
CKOPOCTW [ABWXKEHWS NpefCcTaBfeHbl Ha puc. 4 a (ana ABYKEHWUS MO MpsMbIM) 1
puc. 5 a (4na ABYKEHNS NO KPUBbIM).

[na cnyyas KOHTaKTa 4YentoCTHOM HanpasnistoLLeil OOKOBOW paMbl C NpUau-
BaMu Koprnyca 6yKcbl (CM. puc. 2 a, 6) 3aBUCUMOCTWN KOHTAKTHbIX CW/ OT CKOPO-
CTeii ABMKEeHUSA BaroHa nokasaHbl Ha puc. 4 6 n puc. 5 6.

Mpwn gBVYXXEHWM NO NPAMBLIM yyacTkam nyTu (cM. puc. 4 6) BCneAcTBMe M3BU-
NIACTOTO ABWXXEHWS KOMIECHOM Napbl UMEeT MeCTO NOMepPeMEHHbI KOHTAKT Yento-
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CTHbIX HanmpaBASOWWMX C ABYMS Npunneamm Kopnyca 6ykcbl (cunbl Fyll — Fy22),
KOTOpble BO3pacTalOT MO Mepe pocTa CKOPOCTW ABWXKeHUs. Mpy ABMXKEHUM No
KPUBONMHEHBbIM y4YacTKam nyTu (CM. puc. 5 6) YentocTHas HanpaBnstoLas KOH-
TaKTUPYeT TONbKO C OAHUM MPUAMBOM Kopryca 6YKCbl, YTO 06YCNOBNEHO AeiCT-
BMEM LIEHTPOOEXHON Cu/ibl. TakKe BO3HUKAIOT 3HaUYUTe/IbHble NPOLOJIbHbIE CUbI
TPEHUA MeXAy NpuamBaMn GYKCbl U KOHCO/IbHON YacTbio 60K0BOM pambl (Fx11,
Fx22 Ha puc. 5 6).

Takum 06pa3oM, aHanM3 pe3yNbTaToB BbIMOMHEHHbLIX PAcYeTOB MO3BOMWA YC-
TaHOBUTb COCTaB W YpPOBEHb CW/, AEVCTBYHOLLMX HA KOHCO/IbHYHO YacTb GOKOBOiA
pambl BaroHa, KOTopble He Y4YMTbIBA/IMCb NPU pacyeTax Mo CyLLeCTBYHOLWMM METO-
Avikam. MonyyeHHble AaHHble MOTYT ObITb MCMO/b30BaHbl ANA YTOUHEHWUS Hanps-
YKEHHO-LePOPMMPOBAHHOI0 COCTOSHNSA BOKOBOV paMbl 1 pa3paboTKM peKoMeHaa-
LM NO YBENIMYEHMIO ee MPOYHOCTH.
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