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Bapgum LLOBKYH
Vadim A. SHOVKUN

Analysis of Reliability of Axle Box
Bearing Units of Freight Cars

(TekcTt cTatbu Ha aH. 3. — English text of
the article — p. 230)

ABTOpamu npencTaB/ieH aHaIn3
Hane>XHOCTy OYKCOBbIX y3J10B.
lMpuBeaeHHble AaHHbIe XapaKTepPU3yIoT
ee ypoBeHb B OTHOLLUEHUU obLLero
napka rpy30Bbix BaroHoB. lpuBegeHa
oueHKa napamMeTpoB 10Toka OTKa30B
n3-3a noBpeXxaeHns POJINKOBbIX ByKC

B BaroHax obLyero napka B cpaBHeHUuu
C NapKOM KpPbITbIX YHUBEPCaJlbHbIX
BaroHos. CTaBUTCS BOMPOC O NMPUYUHaxX
OTKa30B Y BOBMOXXHOCTU UMETb
mMaremaTu4ecKkyio MoaeJsib, CIIOCOOHYIO
nomorarb B onpeAeseHu Mepbl
Hane>XHOCTy OYKCOBbIX y3J10B.

KntoyeBsblie croBa: xenesHasi 4opora,
BaroH, 6ykcoBblIli y3es, posimkoBasi bykca,
HaOeXHOCTb, 0TKa3, aHaJin3 rnpu4uvH,
crarnctndyeckue 3aBncrmMocCTu.
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axoMIsICh B CJIOKHBIX IKCIUTyaTallMOH-
HBIX ¥ ITOTOJHBIX YCIOBUSIX, OYKCOBBIIA
y3eJI TOJDKEH COXPaHsITh paboTOCIIO-
COOHOCTb HE3aBMCUMO OT BHEIITHUX (PaKTOPOB.
ByKChI BOCTIPMHUMAIOT U IepeAatoT KOJIECHBIM
Iapam HanpspKeHUsI TpY>KEHOTO Ky30Ba, a TaK-
K€ TMHAMMUYECKHE HArpy3Ku, BO3HUKAIOIIME
IIpY IBMKEHUU BarOHA 110 KPUBBIM YUaCTKaM,
CTPEJIOYHBIM IePeBOAaM, HEPOBHOCTSIM ITyTH
M CThIKaM pesibcoB. Kaxknasi, moayac He3HaYM-
TeJIbHasl, UX HEUCIIPABHOCTh MOXKET ITPUBECTH
K OTKa3y TeXHUKU U yIrpoxKaeT 0€30I1aCHOCTH
MePeBO3KM MACCAXKUPOB WK IPY30B.

DTU PUCKU TIOATBEPXKIAET aHAIU3 PACIIPE-
JICJICHYSI ITPUYMH, BbI3BABIIMX TPAHCIIOPTHHIE
MIPOMCILIECTBUS, OTHECEHHBIE 10 BATOHHBIM
xo3giicTBaM, 3a nepuon 1995-2012 romos.
OueBUIHO, YTO UMEHHO OTKa3bl OYKCOBBIX
Y3JIOB IIPUBEJIU B OOJIBIIMHCTBE CBOEM K KPH-
TUYECKUM PabOYMM CUTYAIIUSIM.

ITo naHHBIM YKpanHCKOI 3Keae3HOM 10po-
ru (¥Y3), KOIMYecTBO OTILIETIOK BarOHOB M3-3a
Ype3MEePHOTro HarpeBa POJIMKOBBIX OYKC, KOTO-
PpBIii ObLT OOHAPYKEH AUCTAHIIMOHHBIMU ITPU-
GopaMM KOHTPOJIsI, KOJEOJIETCSI B LIMPOKUX
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Ta0suna 1

OcHOBHbIE NMPHYHHBI YPE3MEPHOTO HATPEBA OYKCOBBIX Y3J10B

TTpuunHbI OTHENOK TIpoueHT OT Yucia oTUENnoK
2009-2012 .

HeucnpaBHocTu cenaparopa 2,44
HewucnpaBHOCTH TOPLIEBOTO KPETICHUST 24,39
CpabaTbiBaHMS TUMA «EJTOUKa» 13,41
TTpoBOPOT BHYTPEHHETO KOJblia 4,88

TTonHoe pa3pylleHue MOAIIMITHUKA 4,88
3arpsi3HeHHe WK 0OBOJHEHUE CMa3KK1 15,85
TpelurHbI U CKOJIBI KOJIELL 6,10
PaxkoBHHBI Ha TOBEPXHOCTU KaUeHMsI KOJIELL 4,88

Jpyrue npuurHbl (4esoBeveckuii hakTop) 23,17

Bcero: 100,0

npenenax: oT 352 ciy4aes B 1995 romy mo 33 —
B 2012-Mm. Ho X 2TOMYy KOJUYECTBY ClEIyeT
JI00ABUTH CITydyau BBISIBJIEHUST TIOBBIIIIEHHOTO
HarpeBa POJMKOBBIX MOMIITUITHUKOBBIX Y3JI0B
MO0 BHEUIHUM TIPU3HAKAM OCMOTPIIMKAMU
BaroHoB. B 2011 romy ¢ Takumu nedekramu
3aperucTprpoBaHo 1122 BaroHa, CIIycTsI TOI —
1437 BaroHoB.

B Tabnuue 1 npuBeneHbl OCHOBHbBIE MPU-
YUHBI HarpeBa OYKCOBOTO y3/1a U OTLETIICHUST
BaroHOB OT T0e3/1a.

DakThl CBUAETETLCTBYIOT, UTO HamuboJee
OITaCHBIM C TOYKM 3pEeHUs oOecreueHus 6e3-
OTIACHOCTH JIBVDKEHUSI SIBJISIETCS TIOBPEXK/ICHNE
TOPLEBOTO KperuieHust (1moutu 25% ot o0111eTo
KOJIMYECTBA OTILICIIOK).

ITprurHBl BOBHUKHOBEHUST OTKA30B TOP-
IIOBOTO KPETUIEHUSI TOCTATOYHO TIOJTHO U3JI0-
JKeHBbI B HayuyHoU nuteparype [1-3]. [Tpoana-
JI3UPYEM CXeMY HArpy3KU OYKCOBBIX IITUH-
JPUYECKUX TTOAITUITHUKOB.

Ha 6ykcoBble NOAIMITHUKY BO BPEMSI IBU-
JKEHUSI IEUCTBYIOT PaAMiaibHBIE 1 OCEBbIE CHITHI
Q. XapakTep IeHCTBUSI OCEBbIX CHJ 3HAUUTEITh-
HO pa3HooOpa3Hee. Tak, Npu MPOXOXKIACHUN
BaroHOM KPUBBIX y4aCTKOB ITyTH OCEBbIE CHJTbI
OyIyT MOCTOSSHHBIMU. B TO e BpeMsi 00KOBBIE
KoJIeOaHMSI BATOHA BBI3BIBAIOT KPATKOBPEMEH -
HbIE OCEeBbIE HATPY3KU. A TIPU MPOXOXKICHUN
OOKOBBIX TOPU30HTATLHBIX HEPOBHOCTE ITyTH
OCEeBbIE CHJIBI IPUOOPETAIOT YIAPHBI XapakK-
Tep.

OceBasi cuiia ClocoOHa JOCTUTATh BHICOKUX
3HAYCHUI, 0COOCHHO B TPY30BBIX BaroHax [4].
OHa MOKeT IefiICTBOBATh KaK B CTOPOHY TaJiTe-
JIM, TaK ¥ B CTOPOHY Topiia 1eliku ocu. [1pu-
YUHOM SIBJISIETCS HAJIMYME B KOHCTPYKIINU
TPY30BBIX TEJEXEK TOJbKO IIEHTPATbHOTO
peccopHoTOo ToABenBaHus. B pesynbrare
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Ha KOPITyC OYKChI HETTOCPEICTBEHHO OMMPAET-
cs1 OOKOBasi paMa TEeJIeXKU, KOTOpasi UMeeT
OOJTBIIIYI0 MacCy U YCKOPEHUE, BOSHUKAIOIIINE
TP TIPOXOXKIEHNYN OOKOBBIX HEPOBHOCTEM
My TH.

[Nepenava oceBOTO yCUIIUSI OCYIIECTBIISIET-
Cs1 4epe3 POJIMKU TOJIBKO OHOTO M3 TIOAIIUTI-
HUKOB B 3aBUCUMOCTH OT HATPaBJIeHUS Ieki-
ctBusi. HemocpencrBeHHoe naBieHue Ha TOp-
11eBO€ KpEIUIeHUe MPUBOIUT K ero ocjiadiie-
HUIO, a NHOT/A TIPU BO3IEUCTBUU OOJBIITNX
MMHAMWYECKUX CUJT U HAKOTUIEHUM Ae(heKTOB
B MeTaJlIe — K pa3pylIeHUIO.

JleficTB1E OCEBBIX CUJI TPUBOAMT K ITEPEKO-
Cy POJIMKOB, B pPe3yJbTaTe 4eT0 CO30al0TCs
KOCOCUMMETPUYIECKIE HATPY3KH B CETIapaTope.
B couetanuu ¢ BBICOKUMU AMHAMUYECKUMU
yeunusiMu (0COOEHHO B 3UMHUIA TIEPUO/) 3TO
TPUBOIUT K TMOSIBJICHUIO TPEILIMH OT YCTAJIOCTH
B YIJ1aX OKOH CETapaTopoB C TOCTICAYIOIINM UX
paspylieHneM.

[lpu nBVXKEHUM BaroHa OCEBbIE CUJIBI TIe-
penaroTcs TOpLiaMy POJIMKOB B PEKUME CKOJTb-
KEHUST «CTajlb MO CTAJIN» HATPABISIONIAM
OypTam KoJie1l. 3a CYeT TAKOTO PesKuMa TPEHUST
MeXIy OypTOM U TOPIIAMU POJIMKOB ITPOUCXO-
JIAT MHTEHCUBHOE BbIZIEJICHNUE TETIJIa U pa3phiB
MaCJISTHOU THIEHKU MEXITY TTOBEPXHOCTSIMU.
BcnenctBue cyxoro TpeHUs CyIIeCTBEHHO
CHUXAETCSl BBIXOJHASI IPOYHOCTh MeTaslia
OypTOB. DTO MPUBOAUT K MUKPOCXBATHIBAHUIO
MeTaJlla B 30He KOHTAKTa U BbI3bIBAET TTOBPE-
JKIEHUS TUIIA «eJI0YKa» Ha POJIMKax 1 OypTax
KOJIel] TIOAIIUITHUKOB. B nanbHeiiieM Hamm-
4yue MoJa00HOro cpadaTbiBAaHUSI CITIOCOOCTBYET
TOSIBJIEHUIO TPEIIWH, CKOJIOB WU JaXKe TOJI-
HOMY pa3pylIeHnIo OypTOB.

Kpome aToro, HabG1100a€TCs TOBBILLIEHHOE
COTPOTUBJIEHUE TIOAUIUITHUKOB BPAILIEHUIO,

MapTbiHOB U.9., TpydaHora A.B., LLloekyH B.A. AHanu3 HapeXHOCTU OYKCOBbIX MOALINMHUKOBBIX Y3/1I0B

rpy30BbIX BaroHOB




Tab6suna 2

IIprynHbI 0TKA30B POJMKOBBIX OYKC, 0OHAPYKEHHbIE 110 BHEITHAM NMPU3HAKAM

TTpuunHBI OTLENOK TTpouLeHT OT Yyucia oTLUEenoK
2009-2012 rr.

OTKa3bl TOPLIEBOTO KPETUICHUS 12,53

Otkas3 cemnaparopa 18,65
3aauphbl TUTIA «EJT0YKa» 8,91
PaszpylieHue noammnHuKa 0,42
TTpoBOPOT BHYTPEHHETO KOJbLIA 3,69
TpemmHbI KoJtel 3,69
PakoBMHBI Ha MOBEPXHOCTU KOJIEL POJIMKA 2,78
DJIeKTPOOKOT 0,21
Hanuuue Bonbl 15,31
HewucnpaBHOCTH JTaOMPUHTHOTO KOJIbLIA 1,04
YenoBeueckuii hakTop 15,87
[1puanHbBI He yCTAHOBIEHBI 9,05

Hpyrue 7,86

Bcero: 100,0

0z

016

1/8az./km
e

Puc. 1. 3aBucumocts
n3MeHeHUs1 napameTpa
MOTOKa OTKa30B rPy30BbIX

0,08

BaroHoB u3-3a Harpesa
GYKCOBBIX Y3/10B.

0,04

1995 1997  189%% 2001 2003

lodoi!

2005

0,33311

2007

0,23651

» O6wuii napk eazoHo8

YTO COIMPOBOXKAACTCS MECTHBIM HAarpeBOM
B 30HE KOHTAaKTa. DTO YCKOPSIET MPOLIECC CTa-
pPEHUST Macyia ¥ IPUBOAUT K €0 3arpsi3HEHUIO
MPOAYKTaMU M3HOCA.

[lepekoc pONMKOB CO3AA€ET JOMOIHUTEb-
HYIO KOHIICHTPALIMIO HATPSIKEHU B 30HE
KOHTaKTa POJIMKA C JOPOXKAMU KaYEHUS KO-
JIell ¥ TEM CaMbIM BeleT K MHTCHCUBHOMY
00pa30BaHUIO PAKOBKH.

EcTb OCHOBaHME CUMTATh, YTO 3HAUUTEIIb-
Has 4aCTh HEMCITPABHOCTE, KOTOphIE OOHA-
PYXKMBAIOTCS MPU IMJIAHOBBIX OCMOTpAaXx,
a TakXe OOJIBIIMHCTBO aBapUIMHBIX OTKA30B
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2009 2011 2013

Puc. 2. 3Hayenne
napameTtpa rnoToka oTKka3oB
rpy30BbIX BaroHOB o6L4ero
napka ro rnoBpeXAeHNsiMm
OYKCOBbIX Y3/10B
B CpaBHeHUU c napkom
KPbITbIX YHUBEPCasibHbIX
BaroHos (2012r.).

 Kpbimble yHueepcansbHbie

SIBJISTIOTCSI CJIGACTBMEM HEIOCTAaTOYHO 000-
CHOBaHHOI KOHCTPYKTHUBHOM CXeMBbI OYKCO-
BOTO y3J1a, Ilie OCceBasi Harpy3ka IrepeaaceTcs
yepe3 TOPIbI POJIMKOB B PEXUME TPEHUS
CKOJIBXEHUSI.

B T0 ke BpeMst HeMajioe KOJIMYeCTBO OTIIE-
MOK BBI3BAaHO (haKTOM ITOSIBIICHUS CIydyaeB
HarpeBa 0yKc Ipy XapaKTepHOM cpadaTbIBaHUN
TOPILIOB POJIMKOB THUIIA «EJIOUKa».

B tabnuiie 2 mpuBeaeHbI TPUYMHBI OTKA30B
POJUKOBBIX OYKC, UTO OBLIM OOHApyKEHbI
10 BHEIIHUM IPU3HAKAM OCMOTPIIUKAMU
BaroHOB.

MapTbiHOE U.9., TpydaHora A.B., LLloekyH B.A. AHanu3 HafeXHOCTU OYKCOBbIX MOALINMHUKOBBIX Y3/1I0B

rpy30BbIX BaroHOB



[TonTBepkmeHo, YTO Ha TEPBBIX MeCTax
HaXOJATCS OTKa3bl TOPIIOBOTO KPETLICHUS
u cenaparopa. Ho K HUM 1006aBsSIIOTCS OT-
Ka3bl, BEI3BAaHHBIC NEHICTBUEM TaK Ha3bIBae-
MOTO «4eJIOBEUECKOTO (haKTopa», MOCKOJIbKY
MMEHHO OIMMOKM 0O0CTYKMBAIOIIETO TTePCo-
HaJia IPUBEJTH K MOSIBJIEHUIO e EKTOB.

B pesynbraTe 00pabOTKM CTAaTUCTUUECKUX
JMIaHHBIX 00 OTIENJIEHUU BaroHOB B ITYTH
clieIoBaHMsI, TIPEIOCTaBICHHBIX [JTaBHBIM
yInpaBjJeHUEeM BaroHHOIro X03siicTBa Y3,
MoJTydeHa 3aBUCUMOCTb, XapaKTepHu3yoIast
M3MEHEeHME KOJIMYeCTBa OTIENOK IO ycTa-
HOBJICHHOUW mpuyuHe B mepuon 1995-
2012 rogos.

Ecnu naunnath otcuet ¢ 1995 rona, To co-
OTBETCTBYIOIIAsT 3aBUCUMOCTh OyJIeT UMETh
Takol BUJ
A(1)=0,005¢* — 45,41 —136461° +

+2010% + 910",

rae

M

! — TOZIBI, OTCUUTHIBaeMbIe OT 1995-ro0.
CrerneHb COMIACOBAHHOCTH TMOTyYeHHON
TEOPETUYECKON 3aBUCUMOCTH T10 9KCTIEPUMEH-
TaJIbHBIM JTAHHBIM TTPOBEPSIIACH C TTIOMOIIIBIO
koadduimeHTa koppensunuu R, KoTopbIii
onpeesuics 1o (opmyrie:

Sl0]
;y ; _%.(Z:’ﬂy i )

TIe Y, — SMIMPUYECKHE TaHHBIE;
J(1) — nanHbI€, NONYYEHHbBIE PACYETHBIM
CcrocoooM;

1 — 9KUCIIO TIap TAHHBIX.

Ha puc. 1 npuseneHa 3aBUCUMOCTb U3Me-
HEHUST TTapaMeTpa MOTOKA OTKA30B TPY30BBIX
BaroHOB 13-3a 0TKa3a OyKc (B pacuere Ha | MITH
Bar./KM), TIOCKOJIbKY UMEHHO 3TOT ITOKa3aTeb
MO3BOJISIET 0000IIUTh U3MEHEHUS, KOTOPbIE
TPOU301IUTH 32 (DUKCUPYEMOE BPEMST Ha JKeJie3-
HOIOPOKHOM TPAHCIIOPTE: YMEHBIIIEHUE pa-
0ouero rnmapka BaroHOB, KOJIeOaHuUs Tpy30000-
poTa, NCKJII0YeHNE BATOHOB U3 MHBEHTAPHOTO
CTMCKA U T.TI.

COOTBeTCTBYIOIIIAsT 3aBUCUMOCTD TTapame-
Tpa MOTOKA OTKA30B IPY30BbIX BATOHOB Yepe3
HarpeB OyKCOBOTO y3J1a UMEET TaKOU BUI;

R=1-

2

o(1)=0,0000037* —0,0197* +
+ 37,881 —24338, (3)

IIe » — ITapaMeTp ITOTOKA OTKA30B, f — TOMBI.

[IpuBeneHHbIC TaHHBIEC XapaKTePU3YIOT YpO-
BEHb HAIIC)KHOCTH OYKCOBBIX Y3/IOB B OTHOIIICHUH
00IIIeTO TTapKa IPY30BBIX BAarOHOB. XOTSI 37IECh
cJeayeT UMETh B BUIY, YTO B TIOC/ICAHUE TOIBI
MPOM30IILIA PECTPYKTYPU3ALIMS TTapKa, B Pe3yiib-
TaTe KOTOPOI1 ITONABIISIOIIEe OOIBIIMHCTBO Ba-
TOHOB OBLTO pacTpee/IcHO MEXIY OIpeIeICH-
HBIMH OIlepaTOpaMy, CTABIIMMU HE TOJIBKO MX
COOCTBEeHHMKAMU, HO M OTBETCTBEHHBIMU
3aToAAep:KaHNe BarOHOB B HAIUICKAIIIEM TEXHU -
YECKOM COCTOSTHUM. Pa3HbIe COOCTBEHHUKN —
€CTEeCTBEHHO, W pa3Hasl OTBETCTBEHHOCTb.
W muddepenmpoBath Ha 3ToM (POHE 3aBUCH-
MOCTH IPUIMH OTKA30B TETIePh Y3Ke TPyIHES.

Ha puc. 2 ipencrapieHsI mapaMeTphl TOTOKA
OTKA30B M3-3a TTOBPEXKICHMST POJIMKOBBIX OYKC
IIJIST OOIIETO BarOHHOTO TTapKa B CpaBHCHHUU
C MMapKOM KPHITBIX YHUBEPCAJIBHBIX BaTOHOB
B 2012 romy. 3mech caMa CUTYyalysI OMHO3HAYHA:
B YHHUBEPCAJIbHBIX KPBITBIX BaroOHaX ImapameTp
TTOTOKA OTKa30B B 1,4 pa3a MEHBIIIE, TO €CTh MX
OYKCBHI IMEIOT OOJTBININIA YPOBEHb HA/IEXKHOCTH.
Ho p1a HaxoxneHYsI IpUYMH 3TOro HEOOXOIUMO
MMPOAaHAIM3UPOBATh TEXHUIECKOE COCTOSTHUE
3JIEMEHTOB OYKCOBBIX Y3JTOB KOJICCHBIX ITap TAKMX
BaroHOB, Pa3padOTaTh MATEMATUICCKYIO MOMICTb,
KOTOpasT TIO3BOJIUT OMPENEIATh ITOKa3aTeIn
HameKHOCTH.

JINTEPATYPA

1. Motosuiios K. B. K Boripocy o1ieHKM HaieXKHOCTH
TOPLIEBOTO KPETUIeHUsI OYKCOBBIX y3JI0B KOJECHBIX Map
rpy30BbIX BAaroHoB. — M., 1989. — 7 c.

2. MonskoB A. ., Hwpenko B. H., JoH-
ckuit B. . [1yTy noBbILIEHUSI HAEXKHOCTU pabOThl
TOPLIEBOTO KPeTUIeHKsI OYKCOBBIX MOALIMITHUKOB // [Tyt
COBEPIIEHCTBOBAHUSI KOHCTPYKIINI OYKCOBBIX Y3JIOB
BaroHOB C MOAIIMITHUKaMU KayeHust. Tpynst BHUMKT.
Bbim.654. — M.: Tpancriopr, 1982. — C. 70-82.

3. Maptunos I. E. Jlo nuTaHHS OLIIHKY MMOKa3HUKIB
HaJiiHOCTI TOPLEBOTO KPIiIjeHHs OyKC BaHTaKHUX Ba-
TOHiB // XapKiBcbKa Jep>KaBHa akaaeMist 3aJli3HUYHOTO
TpaHcropty. 30. Hayk. mnpaub. — Xapkis, 2001. — Burl.
46. — C. 76-79.

4. Bapdoaomees B.A., Motosuiios K. B., MapThi-
HoB U.D. u np. MccnenoBaHue oceBbIX CUII, IEHCTBYIO-
LLIMX HAa OYKCOBBIE Y3JIbl TPY30BbIX BATOHOB. — M., 1990..—
13c.

KoopanHatbel aBTopoB: MapTteiHOB W. 3. — martinov.hiit@rambler.ru, TpydaHosa A. B. — alena.hiit@rambler.

ru, LoekyH B. A. — vadim_shovkun@mail.ru.

CrtaTbs noctynuna B pegakumio 26.09.2014, npuHaTa k nyénvkauum 17.02.2015.

CrtaTbsl NOArOTOB/IEHA HA OCHOBE MaTepuasnoB, NpeAcTaB/ieHHbIX aBTopamu Ha MexxayHapoaHoii
Hay4HO-NpaKTu4yeckoi KoHpepeHuun «KOHCTpyKLMS, AMHAMUKa U MPOYHOCTb MOABMXXHOIO COCTaBa»,

® MWP TPAHCIOPTA, Tom 13, N2 3, C. 226-232 (2015)

NOCBSALLEHHON 75-neTuio co gHa poxaeHusa B. [. Xycuposa (MUUT, 20-21 mapTta 2014 roga).

MapTbiHOB U.9., TpydaHora A.B., LLloekyH B.A. AHanu3 HapeXHOCTU OYKCOBbIX MOALINMHUKOBBIX Y3/1I0B

rpy30BbIX BaroHOB




ABSTRACT

The authors present an analysis of reliability of
axle boxes. Provided data characterize its level in
relation to the total freight car fleet. The estimation
of parameters of failure flow due to damage to roller

pendence.

Background. Being in complex operational and
weather conditions, axle box should continue to oper-
ate regardless of external factors. Axle bearings
perceive and transmit to wheel sets strain of a laden
body and dynamic stresses resulting from car’s move-
ment on curved sections, track switches, track ir-
regularities and rail joints. Each, sometimes insig-
nificant, malfunction could result in a technical failure
and threatens transportation safety of passengers or
goods.

Objective. The objective of the authors is to in-
vestigate axle box bearings of freight cars during their
operation.

Methods. The authors use general scientific and
engineering methods, calculation, evaluation ap-
proach, comparative method.

Results. These risks are confirmed by the analy-
sis of distribution of accidents’causes classified by
car economy for the period 1995-2012. It is obvious
that failures of axle boxes led mostly to critical work
situations.

According to the Ukrainian Railways ( hereinafter-
UR), the number of cars’ uncoupling due to excessive
heating of roller axle bearings, which was discovered
by remote control devices, varies widely: from 352
casesin 1995to 33 —in 2012. However, itis necessary
to add to this amount cases of high heating of roller
bearing assemblies detected by car inspectors with
the help of external signs. In 2011, such defects were
registered on 1122 cars, a year later — on 1437 cars.

0,2

ANALYSIS OF RELIABILITY OF AXLE BOX BEARING UNITS OF FREIGHT CARS

Martynov, Igor E., Ukranian State University of Railway Transport, Kharkov, Ukraine.
Trufanova, Alyona V., Ukranian State University of Railway Transport, Kharkov, Ukraine.
Shovkun, Vadim A., Ukranian State University of Railway Transport, Kharkov, Ukraine.

axle boxes in cars of total fleet compared with uni-
versal covered car fleet is given. The question arises
on causes of failures and possibility of having a
mathematical model that could help in determining
the reliability degree of axle boxes.

Keywords: railway, car, axle box, roller axle bearing, reliability, failure, analysis of causes, statistical de-

Table 1 shows main causes of heating of axle box
and car’s uncoupling of a train.

Evidence suggests that the most dangerous in
terms of traffic safety is damage to the frontal fasten-
ing (almost 25% of the total number of uncoupling).

The causes of frontal fastening’s failure are ad-
equately described in the scientific literature [1-3].
Let’s analyze the load circuit of axle cylindrical bear-
ings.

Radial and axial forces Q affect axle bearings while
moving. Nature of axial forces action is much more
diverse. Thus, when passing curved sections of the
track, axial forces will be permanent. At the same time,
lateral oscillations of the car cause transient axial
loads. And when passing lateral horizontal irregulari-
ties, axial forces acquire the character of a shock.

The axial force is able to reach high values, par-
ticularly in freight cars [4]. It can act towards a fillet,
as well as towards a butt end of an axle neck. The
reason is the presence of only central spring suspen-
sion in the structure of cargo bogies. As a result, a
side bogie frame, which has a large mass and ac-
celeration resulting from the passage of track irregu-
larities, rests on the axle bearing body.

Transferring axial force is performed through roll-
ers of only one of bearings depending on the direction
of action. Direct pressure on the frontal fastening
causes it to weaken and sometimes under the influ-
ence of large dynamic forces and accumulation of
defects in the metal — to destruction.
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Pic. 1. The dependence of change in the parameter of freight cars’ failure flow due to the heating of axle boxes.
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Table 1

The main causes of excessive heating of axle boxes

Causes of uncoupling Percent of the number of uncouplings
2009-2012
Faults of separator 2,44
Faults of frontal fastening 24,39
Actuation of «herringbone» type 13,41
Turn of inner ring 4,88
Complete destruction of bearing 4,88
Pollution or flooding of lubrication 15,85
Cracks and chips of rings 6,10
Blow holes on the rolling surface of rings 4,88
Other causes (human factor) 23,17
Total: 100,0
Table 2
Causes of failures of roller axle bearings, detected by external features
Causes of uncouplings Percent of the number of uncouplings
2009-2012
Faults of frontal fastening 12,53
Faults of separator 18,65
Scores «herringbone» type 8,91
Destruction of bearing 0,42
Turn of inner ring 3,69
Cracks of rings 3,69
Blow holes on the surface of roller’s rings 2,78
Electric burn 0,21
Availability of water 15,31
Faults of labyrinth ring 1,04
Human factor 15,87
Causes not determined 9,05
Other 7,86
Total: 100,0

The action of axial forces leads to a skewing of
rollers, thereby creating antisymmetric loads in the
separator. When combined with high dynamic efforts
(especially in winter), this leads to the appearance of
fatigue cracks in the corners of separators’ windows
with their subsequent destruction.

When a car moves, axial forces are transmitted to
butt ends of rollers in a sliding mode «steel on steel»
to directional clamps of rings. Through this friction
mode between clamp and butt ends of rollers intense
heat evolution and disruption of oil film between sur-
faces occur. Due to the dry friction output strength of
clamps’ metal reduces significantly. This leads to
microseizure of metal in the contact zone and causes
damage of «herringbone» type to rollers and clamps
of bearing rings. In the future, the presence of this
actuation contributes to the appearance of cracks,
chips or even completes destruction of clamps.

In addition, there is an increased resistance of
bearings to rotation, which is accompanied by local
heating in the contact zone. This speeds up the aging
process of oil and causes its contamination with wear
product.

Skewing of rollers creates additional stress con-
centration in the contact area of rollers with raceways
of rings and thereby leads to intensive formation of
blow holes.

There is a reason to assume that a significant
proportion of faults that are detected during a sched-
uled inspection, as well as most emergency failures
result from insufficiently substantiated constructive
scheme of axle box, where the axial load is transmit-
ted through butt ends of rollers in the sliding friction
mode.

At the same time a considerable number of un-
couplings is caused by the fact of appearance of
heating of axle bearings at characteristic actuation of
butt ends of rollers «herringbone» type.

Table 2 shows causes of failures of roller axle
bearing that have been detected by car inspectors on
external signs.

It is confirmed that at the first places there are
failures of frontal fastening and separator. But they
are followed by failures caused by the action of so-
called «<human factor», because mistakes of mainte-
nance staff led to defects.

As a result of the processing of statistical data on
uncoupling of cars en route, provided by the General
Directorate of car economy of UR, the dependence
that characterizes the change in the number of un-
coupling on determined cause during 1995-2012
period, was obtained.

Ifwe start counting from 1995, the corresponding
dependence will have this form
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Pic. 2. The value of freight cars’ failure flow of total fleet by damage to axle boxes in comparison with universal
covered car fleet (2012).

A(t) =0,005¢* — 45,41 —136461> + 210°¢ + 9-10'°

where tis years, counted from 1995.

The consistency degree of obtained theoretical
dependence on experimental data was tested by
means of correlation coefficient R, which is defined

S I 0
Z:l:lyfz_%.(z:;lyi)

where y.is empirical data;

f(t) is data obtained by calculation;

n is a number of data pairs.

Pic. 1 shows the change in the parameter of
freight cars’ failure flow due to failure of axle bearings
(per 1 million car /km) because this measure enables
us to generalize the changes that have occurred over
fixed time on railway transport: reduction of working
fleet of cars, fluctuations in freight turnover, exclusion
of cars from the inventory, etc.

The corresponding dependence of parameter of
freight cars’ failure flow through the heating of axle
box has a form:

a)(t) =0,0000037> —0,019¢> +37,88¢ — 24338,

where o is failure flow parameter, t is years.

These data indicate the reliability level of axle
boxes for the total fleet of freight cars. Although here
it should be borne in mind that in recent years there
was a restructuring of the fleet, which resulted in the
fact that vast majority of cars were distributed among
certain operators, which became not only their own-
ers, butalso persons responsible for the maintenance
of cars in good technical condition. There are different
owners and, of course, different responsibilities. And

(1)

R = (2)

(3)

it is more difficult now to differentiate causes of fail-
ures against this background.

Pic. 2 shows the parameters of failure flow due to
damage of roller axle bearings for the total car fleet
in comparison with universal covered car fleetin 2012.

Conclusions. Here the situation is very clear: in
universal covered cars failure flow parameter is 1,4
times less, that is, their axle bearings have a greater
level of reliability. But to find reasons for this, it is
necessary to analyze the technical condition of ele-
ments of wheel sets’ axle boxes of these cars, to
develop a mathematical model that will determine
reliability indicators.
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