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Muxaun CAMNETOB
Mikhail V. SAPETOV

Anexcein METPOB
Aleksei G. PETROV

Methods to Increase Freight Cars’ Distance
Run between Repairs by Upgrading Car’s Bogie
(TekcTt ctatbu Ha aHi. 513. — English text of the
article — p. 53)

C yyactuem asTopos B MUUT yTo4yHeHbI
MaremMaTu4eckmue v KOMMbIoTEPHbIE

Mopaenu BaroHoB, ONUCbIBaloLLiue

ABWWKEHUE I10 XXeJ1e3HO[0POXHOMY IyTU

C HOPMUPYEMbIMU HEPOBHOCTSIMMU B IJiaHe

v npogune. OcobeHHOCTbIO Moaenen
SAABJISIIOTCHA yHET MNPOCTPAHCTBEHHbIX KOJIe6aHnii
Ka)kgoro y3na v getasnv Kak TBepaoro

Tesa, CBOWCTB KOHCTPYKLUNU, MaTePUaioB,

a Taioke rnporHo3upoBaHue abpa3nBHOIro
N3HOCa OTBETCTBEHHbIX 3JIEMEHTOB TEJIEXKU.
O0GOCHOBBIBAaETCSI BO3MOXXHOCTb YBEJ/INYEHUS
MeXpPeMOHTHOI0 rnpobera BaroHa c rpocToii
mMogepHu3saumeii Tenexek mogenv 18-100
ot 160 40 250 TbIC. KM, NMPY KOMIT/IEKCHOW
mMogepHusaumv — [0 500 Tbic. kM.

KnroueBble crioBa: xene3Hasi 4opora,

rpy30Bble BaroHbl, Teexka Moaem

18-100, komrbloTEPHAas MOAE b ABUXEHUS
BaroHa, MoOAepPHU3aLNS, MEXPEMOHTHbIV
npob6er, nokasarenu AMHaMuKy BaroHa,
CHUXEHNE N3HOCOB.
|
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Cnoco0 yBennyeHus
MEeXPEeMOHTHOro npoodera
rpy30BbIX BaroHOB 3a cYeT

MO EepPHU3aLUMN TEeJIeXKHN

Ilempoes Anexceii Iennaos-
eeus — 3amecmumens Ha-
4anbHUKG 0MOena nepeo3ok
Dedepanvhioeo aceHmcmea
ICcene3H000PONCHO0 MPaH-
cnopma, Mockea, Poccus.
Canemoe Muxaua Baaou-
MUPOBUM — 2eHEPANbHbILL
dupexmop OAO «Baeonnas
PEMOHMHAS KOMRAHUSI-2>,
Mockea, Poccus.

Ilopsoun Cepeeii Hea-
HOBUM — 3aMecmumens
2EHEPANbHO20 OUPEKMopa
1O MEeXHUYECKOMY pa3eu-
MU — 21ABHYLIL UHICEHED
0OAO «Dedepanvhas epy3o-
6as komnanus», Mockea,
Poccus.

Cepreii NOPSIAUH
Sergei |. PORYADIN

Py30Bble BaroHsl B Poccun sakcmyatu-
PYIOTCSI B OCHOBHOM Ha TeJIeXKax MO-
menu 18-100, KoTopble M3HAYAILHO
ObUIM CIIPOEKTUPOBAHbBI IO 3HAYUTEIHHO
MEHBIIYI0, YeM ceiiyac, OCeBYIO HarpysKy.
C yBeJIMYEHUEM XK€ OCEBBIX HATPY30K PEXUMBI
pabOThI TEIEXKHU CTAJIM OTJIMYAThCS OT pac-
yeTHbIX. [1OSIBUIICS PSII KOHCTPYKTHUBHBIX
HEI0YETOB, KOTOPbIE IIPUBOAIT K BO3HUKHO-
BEHUIO 3HAYMTEIbHBIX IMHAMUYECKUX CHII,
0COOEHHO B 30HE KOHTaKTa KoJjieca U peJibca,
a TaK>K€ MHTEHCMBHOMY U HEPAaBHOMEPHOMY
M3HOCY [1ap TPeHUsl, HEA0CTATOUYHO AeMII(Pu-
pyeMBbIM KoOJIeOaHUSIM BaroHa B JABMXKEHUU.
Ilo HaleMy MHEHUIO, IJISI CYLIECTBEHHOIO
MOBBILIEHUS MEXXPEMOHTHOTO IIpobera Baro-
HOB Ha TaKMX TeJIeXXKaX Halo B IIEPBYIO OUe-
penb YIy4LIuTh UX IMHAMUYECKUE KAayeCTBa
1 BUOPOHATPYKEHHOCTb XOJOBBIX 4aCTeil,
TO €CTh CHU3UTh IMHAMUYECKME CUJIbI U BU-
Opalu, YTO YMEHBIIUT U3HOC HECYLIUX JIK-
TBIX J€Tajleil ¥ y3JI0B, UX QPUKLIMOHHBIX I1ap
TPEHUSI B TEJIEXKKE.
WccnenoBaHus [j1s1 9TUX 3a1a4 BIIOJIHSI -
I0TCS C LIeJIbI0 ompeneaeHus 3(GhEeKTUBHBIX



Y HEIOPOTUX CITOCOOOB CHUXKEHUST BUOpOHAr-
DPY>XEHHOCTH U U3HOCA JeTaJIei U Y3JI0B XO/10-
BbIX yacTeit. IX MpoBOAST C MOMOIIBIO pa3pa-
6otanHblIx B MUUT Ha kadenpe «Baronst
M BarOHHOE XO3SMCTBO» YTOUYHEHHBIX KOM-
MBIOTEPHBIX MOJICJICI, ONTUCHIBAIOIIUX IBIKE-
HUE pa3HbIX TUIIOB BAarOHOB U TeJieXeK. DTU
MOJIEIU CO3IaBaUCh B MPOrpaMMHON cpefe
BBIYUCTUTEABHBIX KoMITIeKcoB « IMOHuC»
(MUUWT), «YHUBEepCaTbHBIA MeXaHU3M»
(BI'TY) u <kMSC.ADAMS/Rail» (Mechanical
Dynamics Inc.). OH1 B OCHOBHOM MpeacTaB-
JISIIOT CO0O0M CUCTeMY TBEP/bIX TEJ, COSAUHEH-
HBIX MEXIy COOOH IIapHUPaMU 1 CUJIOBBIMU
5JIEMEHTAMU, W BKJIIOYAIOT B ce0s1 TBEPIbIA
WIN TIOJATIUBBIA Ky30B (WJIM KOTEJ) U IBE
JIBYXOCHBIE TeJiexkku. Kaxmas Tesiexkka uMeer
CBOMU TBEpJbIE TeJa: 1B KOJECHBIE Maphl, 1BE
OOKOBBIE paMbl, YETbIpe OYKCOBBIX ajamnTepa
¥ (DPUKIIMOHHBIX KJIMHA, HAPECCOPHYIO Oai-
KY, CUJIOBBIE 3JIEMEHTBI OJBECKU, MPOKIATKU
v BubpomnornoTureaun (puc. 1). OcodbeHHO-
CTBIO MOJIEJICI TeJIEXKKU SIBJISIETCS YUET BU-
JKEHUS B TIPOCTPAHCTBE BCeX (DPUKIIMOHHBIX
KJIMHBEB KaK OTIACIbHBIX TBEPIbIX TEJ C IIe-
CTBIO CTEIIEHSIMU CBOOOIBI U UCITOJIb30BAHUE
YTOYHEHHBIX KOHTAKTHBIX U (PPUKIIMOHHBIX
B3aumoeicTuii [1-3].

g MoaenupoBaHUs Pa3IuYHbIX TUIIOB
OYKCOBBIX y3JIOB TeJIeXEK (KOPITyCHbIE OYKCHI,
aganTepbl 1 BUOPOIOTJIOTUTEIM) OHU ObLIU
BKJIIOUEHBI B KOMIIBIOTEPHYIO MOJEJIb KaK
OTIEJIbHbIE TBEP/bIE TEIA CO CJIOXKHBIMU CBSI-
3gMu. Hampumep, cBSI3b KOJECHOU mapbl
¢ OyKCOBBIMU y3JlaMU peaiu30BaHa B BUIIE
BpalllaTeJbHBIX HIAPHUPOB CO CTETIEHbIO CBO-
6015b1. B crity TOro, 4TO paguaabHbIE U OCEBBIC
3a30pbI MEXIy y371aMU MOAIIUITHUKA BeCbMa
MaJibl IO CPABHEHMIO C 3a30paMU B YEJTIOCT-
HOM MmpoeMe OOKOBUHBI BIOJb U MOMEPEK,
YUYeT KaxKA0TOo TeJia MOAIIUITHUKA He TPUBEIET
K U3MEHEHUIO XapaKkTepa TMHaMUUYEeCKUX
MPOLECCOB B CUCTEME BaroH-MyTh, a JUIIb
JIaCT BO3MOXHOCTb OLIEHUTh TMHAMUYECKUE
MPOLIECCHI B CAMOM MOJUIAIMTHUKE. YUeT Kax-
JIOTO POJIMKa KaK OTAEIbHOIO Tejla TPUBOIUT
K CYIIIECTBEHHOMY YBEJIMYEHUIO KOMITbIOTEP-
HOTO BPEMEHMU CUeTa.

B xomImibioTepHO# MO ObLTO peain3o-
BaHO YeThIpe BapruaHTa OYKCOBBIX y3JI0B:

Ne 1 — oOBIYHEIE KOpITyca OYKC, pucC. 2a;

Ne 2 — amanrepsi (1ToryOyKChI), puc. 20;

No 3 — amanTep ¢ U3MEHEHHOU OIOPHOM
MOBEPXHOCTHIO, pUC. 3;
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Puc. 1. YToyHeHHass 6a30Basi KOMIbIOTEPHAs MOAETb
BaroHHovi renexku mogenu 18-100.

Puic. 2. KOHTaKTHbIe OropHbIe 1 YrOPHbIE MOBEPXHOCTHN
Ha koprnyce 6yKcbl u GyKCOBOM aganrtepe:
a) — TunoBoi kopnyc Gykcbl;
6) — TunoBovi GykcoBbiii agantep (nonybykca).

Puc. 3. BapnaHT 6ykcoBoOro agantepa ¢ UameHeHHOi
cxemolvi nepeaaqv oriopPHON 1N YrIOpPHOM Harpy3Ku.

No 4 — xopmyc OyKChl Win aganTtep B CO-
YETAHUM C U3HOCOCTOMKUM BUOPOIIOTJIOTH -
Tenem, puc. 4.

Kak oTrmeuanoch, mpu n3MEeHEHUU CXEMBbI
nepenayv BEPTUKATbHBIX, TPOJOJIbHBIX
U YTJIOBBIX HATPY30K OT OOKOBBIX paM Ha afar-

MeTpoB A.l., CanetoB M.B., NMopsaanH C.N. Cnocob yBenmyeHnss MeXpeMOHTHOro npobera rpy30BbiX BaroHOB 3a

CYEeT MOAEPHN3aALUNN TEJTEXEK




Puc. 4. Bykcosbili agantep B co4yeTaHun
c BubGponornoTruTenem.

Tep W MOAIIMIHUKOBBIE Y3JIbl, 3aKI0YAI0-
LIEMCS B 3aMEH€e JIOCKOU OMOPHOM U YIOp-
HOM MOBEPXHOCTEN agantepa Ha UWIMHIPU-
YECKYI0 MOBEPXHOCTh C OOJBIIUM PAAUYCOM
KPUBU3HBI, YIYUIIAIOTCS YCJIOBUS HATPYXKEH -
HOCTU MOAIIUITHUKOB. [1py KpuBOTMHENHON’
TTOBEPXHOCTU UCKITI0UaeTcst 3hHeKkT KpomMou-
HOTO OMUPAHUS MPU YIJIOBBIX KOJEOAHUSIX
OOKOBOU Kauky U 3a0eraHusi OOKOBBIX paM,
a Takke 3alleMJIeHUs anantepa. TeM caMbiM
HUCKJTIOYAETCS BEPOSITHOCTh HEPAaBHOMEPHOTO
pacrpeneieHus Harpy3oK, NpUXOASIIUXCS
Ha MepeaHNI 1 3aIHUN TOAIIUTTHUKHA.

ITon nOJTOBEYHOCTHIO MOMAIIUITHUAKA Ka-
YEeHUSI OAPa3yMEBAETCS YUCIO 0O0POTOB,
KOTOpPOE OTHO U3 KOJIEL COBEPLIAET OTHOCU -
TEJIbHO APYTOTO KOJIbLIA 10 MOSIBJICHUS ITEPBbIX
MPU3HAKOB YCTAJIOCTU MaTepuaga Ha OJHOM
W3 HUX WIK Ha Tesie KaueHus. O1eHKY 10JT0-
BEYHOCTHU TMOJIIMITHUKOB OYKCOBBIX y3JI0B
BBIMIOJIHAM TIO U3BECTHOMY METOMY OLIEHKU
MOJUIMITHUKOB HA YCTAJIOCTHOE pa3pylleHue.

Ha puc. 5 nmpencrasiaeHsl rpaduKu pac-
npeaesieHus] paauaaibHbIX CUJ HA POJUKU
MOJIIMITHUKA TPU U3MEHEHHOI CXeMe Tepe-
Jla4y’l BEPTUKAJIbHOU Harpy3Ku.
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Puc. 5. lpagmuk pacnpeneneHns pagnanbHbIX
CUJ1 Ha POJINKU B NOALUMNHUKAX ByKCOBOro y3na
C BHeLLUHeVi CTOPOHbI paanyca KpuBoro y4actka nytm
(acumMmeTpuYHOe NMPUIoXKEeHUe cu).

PacueTsl Mo olleHKE JOJTOBEYHOCTH
MOAIIUITHUKOBBIX Y3JIOB OYKC KOJECHBIX
map mpu MOCTOSTHHOM Harpy>XXeHHOM JIBU -
JKeHUU BaroHa W YCJIOBUSIM pacTipeieIeHUs
9KBUBAJICHTHOU CUJIBI TTOKa3adu, YTO (CM.
puc. 6):

— IMPY IBMKEHUY BaroHa B KPUBOM y4acT-
K€ TMyTU Y TIPU CUMMEemMPUYHOM PACTIpENeSICHUN
9KBUBAJICHTHOM CUJIBI MEXK/TY MOAIIUITHUKO-
BBIMU y3JIaMU MUHUMaJibHasi 0€30TKa3HOCTh
paboter 50209 ThIC. KM;

— IPY IBMKEHU Y BaroHa B KPUBOM y4acT-
Ke TIYTH U TIPU aCUMMemPU4HOM pactipenesie-
HUUW 9KBUBAJICHTHOW CUJIBI MEXTY TTOMIINII-
HUKOBBIMU y3JIaM1 MUHUMaJTbHas 0€30TKa3-
HOCTB paboTHI 4582 THIC. KM;

— MPY IBWXKEHUU BaroHa B MPSIMOM yJacT-
K€ TMyTU U TIPU CUMMEeMPUYHOM PACTIPENeSICHUN
9KBUBAJICHTHOM CUJIBI MEXK/TY MOAIIUITHUKO-
BBIMU y3JIaMU MUHUMaJibHasi 0€30TKa3HOCTh
paboThl 64242 ThIC. KM;

— MPY IBWXKEHUU BaroHa B MPSIMOM yJacT-
Ke TIYTH U TIPU ACUMMemPU4HOM pactipenesie-
HUYW 9KBUBAJICHTHOW CUJIBI MEXTY TTOMIINII-
HUKOBBIMU y3JIaM1 MUHUMaJIbHas 0€30TKa3-
HOCTb paboThI 5413 ThIC. KM.
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Puc. 6. MuuumanbHas 6e30TKa3HOCTb

PpaboTbl KACCETHOro NOALNIMHUKA NPU

ABWXEHUN BaroHa B npsiMbIX N KPUBbIX
y4yacTkax nyTu.

4

4

4

4

® MWP TPAHCIMOPTA, Tom 13, N2 3, C. 46-57 (2015)

TbIC.KM

60000 -
50000
40000
30000
20000
10000
0. : .. .

Apantep MUUT,

Apantep MUWT,
KpuBas

Tunosasn 6ykca,
npsmas

Tunosasn 6ykca,

npsmas KpuBas

Metpoe A.T., Canetoe M.B., MopaauH C.N. Cnocob6 yeenn4eHus MeXpPEeMOHTHOro npobera rpy30Bebix

BAaroHOB 3a CYeT MOAEPHN3aUnNN TeJsiexek



Ta0uuna 1

CHIZKeHHEe M3HOCA JIeTaJIeil TeIeXKKI

HaumMenoBanme hpUKIIMOHHOTO y31a

CHikeHue n3Hoca B%:

anarirep MUUT «b» Bubpornornorurens «B»
OrmopHast TIOBEPXHOCTH OYKChI 4,05% 99,18%
DpUKIMOHHAS TUIAHKA 1,41% 20,05%
HaxyioHHas TOBEPXHOCTh KJIMHA 3,62% 8,78%
OrnopHast MOBEPXHOCTD MSITHUKA 7,07% 17,88%
W3Hoc ob6oaa koseca 27,42% 75,44%
To €CTb, UCIIOJb3YyAd CXCMY C CUMMCTPUY -
HBIM pacCIlpeacJICHUCM SKBUBaJCHTHON cwiel ~  _J T T
MEXIY TMOOIMUITHUKAMU OYKCOBOTO y3IIa, ¢
MOZKHO ITOJTYYUTb HaI/I6OJ'IbH.[y}O BCPOATHYIO Ciom
0€30TKa3HOCTh PA0OTHI MOAIIUITHUKOB. DTa 7 | x|~
CMMMCTpHUYHAaA CXeMa 3a CHCT LII/IJ'II/IHZ[pI/I‘IC: X d
CKHX OIIOPHBLIX W YIIOPHBIX ITOBEPXHOCTCU
anantepa MUUWT nmaer yBenuueHue BEPOSIT-

HOW 0e30TKazHoCTU mpuMmepHo B 11 pa3s
(1a 550%) 1o cpaBHEHUIO C HECUMMETPUYHOMI
CXEMOI, UCOJIb3yeMOI B TUTIOBBIX OYKCOBBIX
y3J1ax ¥ amanTepax ¢ MJIOCKOU OMOpPHOM mo-
BEPXHOCTBIO.

M3HococToliKre MOrIOTUTENU BUOpaluu
(BHOPOITOTJIOTUTEIN) OBITA CMOICTNPOBAHBI
B KQUeCTBE MOJCUCTEMBI, COCTOSIILIEH U3 IBYX
CTaJIbHBIX CJIOEB U OTHOTO MOJIMMEPHOTO CJIOS
snactomMepa (puc. 4).

[TonmmepHBIii clTO peanTnu30BaH MpU Mo-
MOIIIM PeoJIornyeckoil Moaenn MakcBeuia,
Tak Ha3bIBaeMoil «peccopbl PaHuepa» U co-
CTaBJIsIoNIEel HemHelHOCTH (puc. 7). Mate-
MaTUYecKast MOAEIb CTPOUTCS U3 YCIOBUS
PaBEHCTBA yIIPYTOi U yIIPyro-aAuCCUNaTUBHON
CWI IO MPUYKNHE O0E3bIHEPLIIMOHHOCTU CUJIO-
BOTO 2JIEMEHTA 1 BKJIIoUaeT nudhepeHIrna b-
HOE YPaBHEHUE d"X, = C'X,, [JIE X, — PA3HOCThb
MEXIY X U X ; ¢, ¢, — KECTKOCTh MOC/IeI0Ba-
TEJbHOU 1 MapajuleJIbHON MPY>XXUH COOTBET-
CTBEHHO; d — MUCCUIIAINS TTapauIeIbHOTO
3JIEMEHTA.

Marematudeckasi MoJiesib peccopbl PaH-
yepa, gBILIONIascsa HeKol Moaudukauein
PEOJIOTUYECKON MOJEIU MapauieIbHO yCTa-
HOBJIEHHBIX MIPYXXUH U TACUTEJISL CYXOTO Tpe-

HHA, CTPOUTCA CICAYIOIIUM 06pa30M:
— [Ax =A% |/
F - F ; (Ffan,i—l - F:env,i—l )e 1 H

Sfan,i env,i

F;nv,i = _A]an : Axi - FmpSign{Axi - Axi—l }’

Fmp ::u'A]an sz

rae E, E ,— CWJIa Ha TEKYILEM U TIPEIbIIYILEM
1are MHTErpupoBaHus; x,,x,, — AedopManus
Ha TeKYIIEM U TIpeIbIAyIIEeM Iare MHTeTpU-
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Puc. 7. Cxema gns MogesimpoBaHNs MeTasio-
MO/IMMEepPHOro 3J1IeMeHTa BUGponoraioTuTens.

poBanust; F,  — MakCHMalbHOE 3HAaYCHUE
CUJIBI TIPU YBEIUYECHUU X (MUHUMAIbHOE
3HAYEHKE NIPU YMEHBLIEHUH X) Ha X,; 4 — KO-
3 OULIMEHT TpeHUS €,y — XKECTKOCTB Pecco-
pbl; F, — cua TpeHust; 3 — 9KCIOHEHIMAb-
HBII MapaMeTp MOABEIIMBAHMS (3arma3abiBa-
Hus). g peanuzaly HEIMHEWHOCTH (U3-
MEHEHMS XEeCTKOCTU OT AedopMalum)
MapaJijieIbHO IBYM, OITMCAHHBIM BBIIIIE BJie-
MEHTaM, YCTAHOBJICH 2JIEMEHT, OITMChIBAE MBI
3aBUCUMOCTBIO

F . =*k(x—x)’

rae k — Koo UUMEHT HETUHENHOCTH, «+»
MPU MSITKOM, «—» TP XKECTKOW XapaKTepu-
CTHKE.

Ha puc. 8 mpencraBiieH ructepesuc, moy-
YEHHBIMA IIPU UCIIBITAHUSIX PEIHCOBOM MPO-
knanku u3 matepuana TITK-5, a Ha puc. 9 —
CTaTUYECKUIA TUCTEPE3UC, TTOJTYIEHHBIN ITyTEM
TapMOHMYCCKMX KOJIeOaHUI TIPU MOAEIUPO-
BaHWM IJIS CASAYIOIINX 3HAUCHU IToKa3aTe-
neii: 4 =0,8; Com—C= 9 MH/wm; B =0,000002;
k =-6102H/m3; v=0,01 Ii1.

Ha puc. 10 mokazaHa 3aBUCMMOCTb CUJIBI
oT AecopMaIu, MoJydeHHas TIpu TMHAMU-
YECKUX KOJIeOaHMSIX IJISI TPUHSITHIX 3HAUCHUIA:
u=08 ¢, =c=9MH/M B =0,000002;
k=-6-10"H/m3; d =4500 H c/m.

B0 mpousBeneHO MHOTOBapMaHTHOE
KOMIIBIOTEPHOE MOICIMPOBAHUE TBUKCHUS
LIMCTEPHBI C YSTHIPEMSI BapMaHTaMK OYKCOBO-
ro y3na. [TomydyeHHBIE pe3yabTaThl 00padboTa-

MeTpoB A.l., CanetoB M.B., NMopsaanH C.N. Cnocob yBenmyeHnss MeXpeMOHTHOro npobera rpy30BbiX BaroHOB 3a
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Puc. 8. Anarpamma gecdopmupoBaHuns nonumepa (HaTypHbIi 3KCIePUMEHT).
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Puc. 9. Anarpamma aecdpopmMupoBaHus nosmmMmepa (KOMnbiOTEPHOE MOAENIMPOBAHMUE).
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Puc. 10. BaBucumocTb cusbl OT gedopmaynm B AUHaAMUKe.

HBI U TIOJIYYeHBl yCpEeIHEHHbIe 3HAYEHUS
B ITPOIIEHTAX JUTsI KPUBBIX M TIPSIMBIX y4aCTKOB
C yYeTOM 3arpy>KeHHOCTH BaroHa. B kauecTse
KPUTEPUEB OIIEHKU BIMSTHUS BHIOPAHHBIX
BapHUaHTOB OYKCOBBIX Y3JI0B TIPUHSATHI ITOKa-
3aTeu IMHAMUKU, 0€301TaCHOCTY TBUKEHUS
1 U3HOCOB B y3jiax TpeHus. B tabauue 1

® MWP TPAHCIMOPTA, Tom 13, N2 3, C. 46-57

n Ha puc. 11 m 12 moka3aHBI IMOKa3aTelIn
B IIPOLIEHTAX 1O CPABHEHMIO C TUTTOBBIM OYK-
COBBIM Y3JIOM (THe «—» — YMEHBIIICHHE TTOKa-
3aTesIsi O3HAYaeT YIydllIeHNe).

AHanm3 ycpeTHeHHbIX 3HaUeHU I IoKa3a-
TeJiell AMHAMUKKW 1 0e30MMacHOCTU CBUJIE-
TEJIbCTBYET, YTO HAMOObIITNI 3(PDeKT rmoy-

15)
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-10%

_1509
15% Puc. 11. Yny4ywenne

Pamuble cunbl  KoadduumeHt  Bokosble cuabl  KoadduumeHt nokasartenen
3anaca OVHAMWKM AnHamukm (B %).
-20% YCTONYMBOCTH *

-25% —

3aber 60KOBUH

-30%

M bykca(agantep) M Apantep MUUT i NornoTtutens Bubpaumm+asantep

Pab6ora cun Pa6ora cun Pa6ota cun Pabora cun YaenbHan
TpeHus Ha TpeHus Ha TPeHus Ha TpeHus Ha paborta B
20% -~ onopHo# $pUKLMOHHOM paboueit NATHUKeE KOHTaKTe Koneca
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JyaeTcsl IpU COYeTaHUU alanrepa U M3HOCO-  TeJIIM TMHAMUKKU He TipeBbilmnaet 2,5%,
CTOMKOrO MOIJIOTUTENSl BUOpaLuuu. 3aech a Io mokKasaressiM u3Hoca — 5,5%.

3HAYUTENbHBIN 2(pPexT mocTuraercs mis [pennoxeHHble MOAEPHU3ALINY afianITepa
3abera OOKOBUH U paMHBIX cil, 28% 1 15%  mamyT BO3MOXKHOCTh CHU3UTh TMHAMUIECKUE
cooTBeTcTBeHHO. [To MokazaTensiMm U3BHOCO-  YCUJIMSI M U3HOCHI B CHCTEME KOJIECO-PEeJibC
YCTOWUYMBOCTU MaKCUMYyM NOCTHUTAaeTCs U APYTUX y3JaX TPeHUs TeJexXKu. B yactHo-
110 U3HOCY OTIOPHOI MOBEPXHOCTU CWJI Tpe- CTU, IPUMEHEHME afarTepa ¢ MU3MEHEHHOU
HUS ¥ U3HOCY B KOHTAKTE KOJIECO-PEJIbC, TI€ CXeMOU Tepenavyr MO3BOJUT UCKIIOUYUTH
abdekt cocrapisieT 99% u 21% cooTBeT- KpPOMOUYHOE ONMUPAaHUE, TEM CaMbIM CHU3WB
CTBEHHO. [[7151 MOIEpHU3UPOBAHHOTO aan- Harpy3Ky Ha KacCeTHbIE TTOMIIUITHUKY U TIO-
Tepa ¢ U3MEHEHHOU cXeMOl repenayu 3(- BBICUB UX JOJITOBEYHOCTH B 11 pas.

ekt o mokaszaTesisiM TUHaAMUKU — 2-4%, st onpeaeneHus: peabHOrO rapaHTUPO-
a 1Mo MOKa3aTesisiM MU3HOCa MPU KOHTAKTE BAHHOTO MEXPEMOHTHOTO Mpobera BaroHa
KoJieca u penbca — 17%. Takke cleyeT OT- Y BBIYMCIICHUSI BCeX KOJIMYECTBEHHBIX IMapame-
METWTb, UTO [IJIsSI TUTIOBOTO afanTtepa (Mojxy- TPOB M3HOCOB (DPPUKIIMOHHBIX Y3JIOB TEJIEKKHN
Oykca) MakcUMaTbHbIN 2 GHEKT 1o TToKa3a-  ObLIa MPUHSITA MOJETh, OCHOBaHHAS HA TUIIO-
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Te3€ O JINHEMHOI 3aBUCUMOCTU MEXTY 00bEM-
HBIM U3HOCOM U paboTOi crjl TpeHus1. PacueTst
MPOBOIVJIUCH MPY IBMXKEHUY TUTIOBO 4-0CHOIM
LIUCTEPHBI Ha TIPSIMOM y4acTKe, B KPYTHIX,
OOBIYHBIX Y TIOJIOTUX KPYTOBBIX W TIEPEXOIHBIX
KPUBBIX yYaCTKAX ITyTH C HEPOBHOCTSIMU B IJ1a-
He U npoduie 2-3 creneHu — oOLIEH TTPOTS-
KEeHHOCThIO 218 kM. [TosyyeHbl 0OBEMHBIE
M3HOCHI Y MIOKA3aTe/IM UX CHYDKEHUS TS BCEX
M3HAIIMBAaeMbIX (PPUKITMOHHBIX TIOBEPXHOCTE
Tenexku 18-100 mpu MoiepHU3aLMK 1O Bapu-
aHTam OykcoBoro y3i1a b u B (cm. Tabnuiry 1).

ITpoBeneH aHaIN3 pacyeToB IO 00OCHOBA-
HUIO YBEJIMYEHUST BEPOSITHON BEJIMUMHBI Ta-
PaHTUPOBAHHOTO MEXPEMOHTHOTO Mpobera
LIUCTEPHBI C YYETOM BECOB, CKOPOCTEI, TUTIOB
y4JacTKa U 3arpy>k€HHOCTH BaroHa, KOTOPBIA
ToKasall, 4To 1Mo U3HOCYy 000/a KoJieca pac-
YETHOE CpeHEE YBeJIMUEHUE MEXPEMOHTHO-
ro mpobGera He MeHee 75% it BapuaHTa
B (M3HOCOCTOKUIT BUOPOIOTJIOTUTED)
M0 CPaBHEHMIO C BApUAHTOM A, a [JIs1 Bapu-
anta b (amantep MUUT) — 27% 1o cpaBHe-
HUIO C BAPUAHTOM A.

B Hacrosimee BpeMs 6a3oBasi BeJIMUMHA
MEXPEMOHTHOTO Tpobera Il TPYy30BOTo Ba-
roHa 6e3 YCTAHOBKU U3HOCOCTOMKHUX JIEMEH -
ToB B TeJiexkKy 18-100 coctapisieT 110 ThIC. KM.
C yCcTaHOBKOW M3HOCOCTOMKHUX 2JIE€MEHTOB
B Y3JIbl TPEHUS TEJIEKKH 110 TIpoekTy M 1698
ITKbB LIB (BapraHT A 6a30BbIiT) MEXPEMOHT-
HBbI# poGer — 160 Thic. KM. [1py BbITOTHEHUT
MOJEpHU3allMU Mo BapuaHTy b (amanTtep
MUUT) c yueToM 3HAUEHUS YBEJIUYCHUS
rpooera 1o U3HocCy KoJjiec Ha 27 % BeposiTHast
BEJIMUMHA TapaHTUPOBAHHOTO MEXPEMOHT-
Horo mpobera BaroHa oymet 203,2 ThIC. KM.
ITpu BapuaHTte B (M3HOCOCTOKMIT BUOPOTIO-
[JIOTUTENb) C YIYETOM 3HAYEHUST YBEIUYCHUS
npobera Ha 75% rapaHTUPOBaHHBI MeXpe-
MOHTHBI TIPOOET IMUCTEPHBI COCTABUT
280 ThIC. KM. [Tpr oMHOBpEeMEHHOU MOIEPHU -
3anuu no BapuaHty b (27%) w BapuaHTy
B (75%) cymmapHOe 3HAUYE€HME YBETUYECHUS
npo6era — 102%, wiau 326,4 ThIC. KM.

WMHaue rosops, Wigd obecriedeHus: rapaH-
TUPOBAHHOT'O MEXPEMOHTHOTO ITpoOera Baro-

Ha, paBHOro 250 ThIC. KM, JOCTaTOYHO yCTa-
HOBUTb U3HOCOCTOMKUI BUOPOIOTIOTUTEND
Ha OYKCOBBII aganTep, HO ellle Oosiee HaaeX-
HO-OYKCOBBII ajmamnTtep Mo BapuaHTy B
(MHUUAT).

SAKJTOMEHUE

B urore npemnaraercst misi gaabHEUIIEro
yYBeJIMUEHUsI TapaHTUPOBAHHOTO MEXPEMOHT-
Horo npobera BaroHa 10 500 TeIC. KM Bce M3-
HOCOCTOMKME U OTTIOPHbIE 3JIEMEHTHI B Mapax
TPEHMUSI TEJIEKKU BBITIOJTHSTE B BUIE M3HOCO-
CTONKOTO BUOPOIOTJOTUTEISI, COCTOSIIIETO
U3 TPEXCIOWHOW METaNI0-371aCTOMEPHON
npokiaaku. K u3HOCOCTOMKUM U OMOPHBIM
3JIEMEHTAM TeJIEXKKU TaKKe OTHOCSITCS MU3HA-
1MBaeMas IjacTuHa OyKCOBOTO Mpoema,
noJaBUXKHast QpUKIMOHHAS TJIaHKa, TPOKJIaj-
Ka-yallla B IISITHUKOBBIH y3eJ1, KOJIMaK CKOJIb-
3yHa, MjacTWHa MOoJ KOMIUJIEKTOM CeMU
IBYXPSITHBIX TIPYKWH VUIM KOJIIIAK IO IIpy-
JKWHBI.

Pa3paboTaHbl 5CKU3HBIE TPOEKTHI U Yep-
TE€XM BapUaHTOB MOJAEPHU3UPOBAHHOTO
ajganTepa U U3BHOCOCTOMKUX BUOPOMOTJIOTH-
TeJiell ISl BCeX M3HALIMBAEMbIX 3JIEMEHTOB
TeJeXXKHU, 3allUIeHHbIe TaTeHTaMmu P®
Ha U300peTeHUsI U TIOJIE3HbIe MOJIEIH.
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METHODS TO INCREASE FREIGHT CARS’ DISTANCE RUN BETWEEN REPAIRS

BY UPGRADING CAR’S BOGIE

Petrov, Aleksei G., Federal Agency for Railway Transport, Moscow, Russia.
Sapetov, Mikhail V., JSC «Carriage Repair Company-2», Moscow, Russia.
Poryadin, Sergei l., JSC «Federal freight company», Moscow, Russia.

ABSTRACT

The authors participated in MIIT University’s re-
searches aimed at refining mathematical and com-
puter models of cars were refined, describing a
motion along railway lines with normalized irregu-
larities in plan and profile. The models consider
spatial oscillations of each node, details of solid body,

structure, material properties, as well as predict
abrasive wear of critical parts and components of a
bogie. The article justifies a possibility to increase
overhaul life of a car by a simple upgrade of a bogie
model 18-100 from 160 to 250 thousand km, and by
a comprehensive modernization — up to 500 thou-
sand km.

Keywords: railway, freight cars, bogie model 18-100, computer model of car motion, upgrading, moder-
nization, distance run between repairs, overhaul life, performance indicators of a car, wear reduction.

Background. Freight cars in Russia are mainly
operated on bogies model 18-100, which were
originally designed for much smaller axial load than it
is now. With an increase in the axial load working
modes of a bogie differ from initially designed modes.
A number of design flaws arises thus leading to the
emergence of large dynamic forces, especially in the
contact area of wheel and rail, as well as to intensive
and uneven wear of friction pairs, inadequate damped
oscillations of the car in motion. In our opinion, for a
substantial increase in the overhaul life of cars on such
bogies it is necessary first to improve their dynamic
qualities and vibration load of running gears, i.e. to
reduce dynamic forces and vibrations, which will result
in reduced wear of cast bearing parts and assemblies,
friction pairs in the bogie.

Research regarding those tasks is carried out in
order to identify effective and inexpensive ways to
reduce vibration load and wear of parts and assem-
blies of running gears. It is carried out at the MIIT
University’s department of cars and cars facilities,
using developed refined computer models describing
the movement of different types of cars and bogies.
These models were created under a software environ-
ment for computer complexes «DIONiS» (MIIT),
«Universal Mechanism» (BSTU) and «MSC.ADAMS /
Rail» (Mechanical Dynamics Inc.). The models repre-
sent basically a system of rigid bodies interconnected
by joints and force elements, and include a solid or a
nonrigid body (or boiler) and two two-axle bogies.
Each bogie has its solids: two wheel sets, two side
frames, four axle adapters and friction wedges, bol-
ster, suspension strength elements, gaskets and vi-
bration absorbers (Pic. 1). A special feature of a bo-
gie’s model is that it accounts for a spatial movement
of friction wedges as individual solids with six degrees
of freedom and the use of refined contact and friction
interactions [1-3].

Objective. The objective of the authors is to in-
vestigate ways to increase distance run between re-
pairs, or overhaul life of freight cars.

Methods. The authors use general engineering
methods, computer simulation, analysis, comparative
method.

Results. To simulate different types of axle boxes
of bogies (body axle boxes, adapters and vibration
absorbers), they were included in the computer
model as individual solid bodies with complex relation-
ship. For example, relation of wheel set with axle
boxes is implemented as rotational joints with a de-
gree of freedom. Due to the fact that radial and axial

Pic. 1. Adjusted basic computer model of a bogie
model 18-100.

a)

b)

Pic. 2. Contact supporting and thrust surfaces on the
body of axle box and axle box adapter:
a) — a standard axle box body;
b) — a standard axle box adapter (semi-axle box).

Pic. 3. Option of axle box adapter with a modified
transmission scheme of supporting and thrust loads.
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Pic. 4. Axle box adapter in conjunction with a vibration
absorber.

clearances between bearing assemblies are very
small as compared to clearances in the pedestal
opening of a side frame in all directions, the accoun-
ting for each bearing’s body will not change the nature
of dynamic processes in the system car-track, but will
only give an opportunity to evaluate dynamic pro-
cesses in the bearing. The accounting for each roller
as of a separate body leads to a significant increase
in computer time of calculation.

The computer model implemented four options
of axle boxes:

Ne 1 — ordinary bodies of axle boxes, Pic. 2a;

Ne 2 — adapters (semi-axle boxes), Pic. 2b;

Ne¢ 3 — adapter with modified support surface,
Pic. 3;

N2 4 — axle box body or adapter coupled with
wear-resistant vibration absorber, Pic. 4.

As noted, when changing the transmission
scheme of vertical, longitudinal and angular loads
from side frames on the adapter and bearing assem-
blies, which is to replace flat supporting and thrust
surfaces of the adapter with a cylindrical surface with
a large radius of curvature, loading conditions of
bearings improve. In case of curved surface, the ef-
fect of edged bearing at angular oscillations of rolling
motion and lozenging of side frames and adapter’s
jamming are eliminated. This eliminates the likelihood
ofuneven distribution of loads falling on front and rear
bearings.

The durability of roller bearing means a number
of revolutions, which makes one of the rings relative
to the other ring until the first signs of fatigue of the
material appear in one of them or in the rolling body.
We will fulfill further on an assessment of the dura-

80000 -

bility of bearing axle boxes using the known method
of evaluating fatigue failure of bearings.

Pic. 5 shows graphs of the distribution of radial
forces on bearing rollers when changing the transmis-
sion scheme of the vertical load.

Calculations to assess the durability of bearing
assemblies of wheel sets axle boxes with constant
loaded movement of the car and conditions of the
distribution of equivalent strength showed that (see.
Pic. 6):

— When driving the car in a curved section of a
track and under symmetrical distribution of equivalent
force between bearing assemblies minimum faultless
operation is 50209 thousand km;

— When driving the car in a curved section of a
track and under asymmetrical distribution of equiva-
lent force between bearing assemblies minimum
faultless operation is 4582 thousand km;

— When driving the car in a straight section of a
track and under symmetrical distribution of equivalent
force between the bearing assemblies minimum fault-
less operation is 64242 thousand km;

— When driving the car in a straight section of a
track and under asymmetrical distribution of equiva-
lent force between bearing assemblies minimum
faultless operation is 5413 thousand km.

Thatis, using a scheme with a symmetrical distri-
bution of equivalent force between bearings of axle
assembly, it is possible to get the greatest probable
faultless operation of bearings. This symmetrical
scheme due to cylindrical supporting and thrust sur-
faces of an adapter developed in MIIT University gives
an increase in the probable faultless operation of
about 11 times (by 550%) as compared to the asym-
metrical scheme used in standard axle assemblies
and adapters with a flat supporting surface.

Wear-resistant vibration absorbers were simu-
lated as a subsystem consisting of two steel layers
and one polymeric elastomer layer (Pic. 4).

The polymer layer is realized using the Maxwell
rheological model, so-called «Fancher spring» and
non-linearity component (Pic. 7). A mathematical
model is built at the condition of equality of elastic and
elastic-dissipative forces due to inertia-free power
element and includes a differential equation d-x, =c-x,
where x, is difference between x and x,; ¢, ¢, is stiff-
ness of serial and parallel springs, respectively; d is
parallel element dissipation.

Mathematical model of Fancher spring, which is
some modification of the rheological model of paral-
lel set of springs and dry friction damper, is con-
structed as follows:

70000 // \
60000 /) \
50000 / \
40000 / \
Pic. 5. Graph of the distribution of } \
radial forces on rollers in bearings of 30000

the axle box on the outside radius of

a curved track section (asymmetric 20000

Radial force, N

application of forces). 10000

H—.—.A/'/‘H'*"\‘\g.—.—.
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Pic. 6. Minimum faultless
30000 operation of a cassette bearing
when moving a car in straight
20000 and curved track sections.
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where F, F_, is force on current and previous steps of

integration; x;,x,,is deformation on current and
previous steps of integration; F_ .is maximum value
of the force with increasing x (minimum value with
decreasing x) by x, | is coefficient of friction; c,, is
rigidity of springs; F, is friction force; 3 is exponential
parameter of suspension (delay). For the
implementation of nonlinearity (change in the stiffness
of the deformation) parallel to two, described above
elements, an element is set, which is described by the
dependence

Fnonlr‘n = ik(X—Xo) 3’

where k is a coefficient of non-linearity, «+» for soft,
«—» for tough characteristics.

Pic. 7. The scheme for simulation of metal-polymer
element of a vibration absorber.

Pic. 8 shows a hysteresis obtained in the tests of
the of the rail pad of material TPK-5, and Pic. 9 shows
a static hysteresis obtained by harmonic oscillations
in the simulation for the following values of parame-
ters: u=0,8;,¢c,=c=9MN/m; B =0,000002 k=
-6-10"N/m?%; v =0,01 Hz.

Pic. 10 shows the dependence of strength from
the deformation obtained by dynamic vibrations for
received values: u=0,8; ¢, =c =9 MN/m; 8 =
0,000002; k = -6-10"2N/m?; d=4500 N s/m.

120 r
100 * P, kN Pic. 8. Diagram of
E deformation of the
80 ¢ polymer (full-scale
60 7 experiment).
40 +
20 +
0 -

o

Pic. 9. Diagram of
deformation of the
polymer (computer
simulation).
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Table 1

Reduction in wear of bogie’s components

Name of the friction assembly Wear reduction in%:
MIIT adapter «B» Vibration absorber «C»
Bearing surface of the axle box 4.05% 99.18%
Friction plate 1.41% 20.05%
Inclined surface of the wedge 3.62% 8.78%
Bearing surface of center plate 7.07% 17.88%
Wear of wheel’s rim 27.42% 75.44%

1
0,8 1
0,6 1
0,4 1
0,2 1

F, MN

a, mm

Oy '
0,006

0,002 0
o 0,2 7
-0,4 -
.0'6 4

0.8

-0,006  -0,004 0,002 0,004

Pic. 10. Dependence of force from deformation in
dynamics.

A multivariate computer simulation was per-
formed for motion of the tank with four options of the
axle unit. The results are processed and average
values are obtained in percent for curved and straight
sections according to the loading of cars. The criteria
for assessing the impact of selected options of axle
assemblies are performance indicators, safety and
wear in friction nodes. Table 1and Pic. 11and 12 show
performance in percentage as compared to the stan-
dard axle assembly (where «—» — decrease in the index
means improvement).

The analysis of average values of the dynamics
and safety indicates that the greatest effect is ob-
tained through a combination of adapter and wear-
resistant vibration absorber. Here, a significant effect
is achieved for lozenging of side frames and frame
forces, i.e. 28% and 15% respectively. In terms of
durability, maximum is reached on the bearing surface
wear of the friction forces and wear in the wheel-rail
contact, where the effect is 99% and 21%, respec-
tively. For the upgraded adapter with a modified
transmission scheme the effect in terms of dynamics
is of 2-4%, and in terms of wear maximum effect is

0%

-5%

reached in contact area of wheel and rail and is of
17%. It should also be noted that for a standard
adapter (semi-axle box) the maximum effect in terms
of the dynamics is not more than 2,5%, while in terms
of wear it is of 5,5%.

The proposed modernization of the adapter will
make it possible to reduce dynamic forces and wear
in the wheel-rail system and other friction nodes of a
bogie. In particular, the use of an adapter with a
modified transmission scheme will prevent edged
bearing, thereby reducing the load on cassette bear-
ings and increasing their durability by 11 times.

To determine the actual guaranteed overhaul life
of a car and to calculate all quantitative parameters
of wear of friction units of bogie a model was ad-
opted based on the hypothesis of a linear relationship
between volumetric wear and work of friction forces.
Calculations were carried out for running of a typical
4-axle tank on a straight section in steep, with normal
and flat circular and transient curved sections with
irregularities in plan and profile of 2-3 degrees and
with a total length of a section of 218 km. The calcu-
lations resulted in obtaining volumetric wear indica-
tors and rates of their reduction for all wearable
friction surfaces of the bogie 18-100 for upgrading
options «B» and «C» of the axle unit, they are shown
in Table 1.

Analysis of calculations was conducted to sub-
stantiate increase in a probable value of the guaran-
teed overhaul life of the tank taking into account
weights, speeds, types of section and load of the car.
It showed that regarding wear of the wheel rim design
average increase in overhaul life is at least 75% for
option «C» (wear-resistant vibration absorber) as
compared to the option «A», and for option «B» (MIIT
adapter) is of 27% as compared with the option A.

Currently, the base value of the overhaul life for
a freight car without installing wear-resistant items

-10%

Pic. 11. The improvement in the
dynamics indicators (in%).

-15%
Frame forces

-20%
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of side
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frames
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Pic. 12. Wear reduction (in %).
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in the bogie 18-100 is 110 thousand km. With the
installation of wear-resistant elements in the friction
units of the bogie according to the project M1698
PKB CV (option «A» is basis) overhaul life is of 160
thous. km. When the modernization is based on the
option «B» (MIIT adapter), taking into account the
value of increasing overhaul life regarding wear of
wheels by 27%, a probable value of the guaranteed
overhaul life is of 203,2 thous. km. Under option «C»
(wear-resistant vibration absorber), basing on the
value of increase in mileage by 75%, guaranteed
overhaul life of the tank will be of 280 thousand km.
With simultaneous modernization following the op-
tion «B» (27%) and the option «C» (75%) the total
value of the increase in mileage will be of 102%, or
326,4 thous. km.

In other words, to provide a guaranteed overhaul
life of a car equal to 250 thous. km, it is sufficient to
establish a wear-resistant vibration absorber on the
pedestal adapter, but more reliable solution is to install
pedestal adapter (MIIT «B» option), that reduces
wheels’ wear by 27% and increases probability of
faultless operation of cartridge bearings by 550%.

Conclusions. As a result, in order to further in-
crease the guaranteed overhaul life of the car up to
500 thousand km, it is proposed to make all wear-
resistant and support components in friction pairs of
the bogie as a wear-resistant vibration absorber,
consisting of a three-layer metal-elastomeric gasket.
Wear-resistant and support components should also
include wearable plate of axle opening, movable fric-
tion strap, gasket-bowl in center plate node, slide cap,
plate under a set of seven double row springs or a cap
under a spring.

i Vibration absorber +adapter

Conceptual designs and drawings of a modern-
ized adapter and wear-resistant vibration absorbers
for all wearable components of a bogie have been
developed and protected by Russian patents for in-
ventions and utility models.
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