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MOCKOBCKUI MHCTUTYT MHXXEHEPOB TPaHCNopTa

METOAUKA OLIEHKW BEPOSITHOCTU CBOEBPEMEHHOI AOCTABKU IPY3A
XXENE3HOAOPOXXHbIM TPAHCITOPTOM

OnmcaHa METOAMKA OLICHKU BEPOSITHOCTH CBOEBPEMEHHOM JOCTABKH IPy3a KEJIE3HOJOPOKHBIM TPAHC-
MIOPTOM, HEOOXOMMAs [Is1 ONpeiesICHHsI HaA&KHOCTH BPEMEHHOM JOCTABKH IPY30B B IIJIAHOBOE BPEMSI.
B coBpeMeHHBIX YCIOBHUSX MEPOIPHATHS 110 UHTEHCHU(PHUKALUK KeJIC3HOAOPOKHOTO TPAHCIOPTa, MO-
BBIIIEHHUIO YPPEKTUBHOCTH ero paboThl M YIYUIICHUIO IJIAHUPOBAHHS M YIIPABICHHS TIEPEBO30YHBIM
IIPOLIECCOM OCOOEHHO AKTYaJIbHBI.

JKEJIE3HOIOPOKHBIN TPAHCIIOPT, MaTeMaTHUeCKasi MOJIEIb, IIEPEBO3Ka TPy30B, BpeMs ABMKCHHUS TPy3a,
OTICHKA CBOCBPEMEHHOMN JOCTABKHU TPy3a JKEIE3HOAOPOKHBIM TPAHCTIOPTOM, TPY300TIIPABHTENh, TPY30-

IOJTy4YaTesb, TPYKeHBIH TPo0er, BpeMs MapIpyTa, METOIHNKA.

BBenenue

B cootBercTBUM co Ctparerueit pa3zButus
KeJIe3HOIOpOXKHOTro TpaHcnopTra B Poccnii-
ckoit enepaunu 1o 2030 r. [1] xene3nono-
POXKHBIN TPAHCTIOPT UTPAET UCKITIOUUTETHHYIO
POJIb B CO3aHUM YCIIOBHH [T MOJICPHH3AIIUH,
nepexo/ia Ha MHHOBALIMOHHBIN MyTh Pa3BUTHUS
U YCTOMYMBOTO pOCTa HAIlMOHAJIBHOM KOHO-
MUKH, CIIOCOOCTBYET CO3JJaHUIO YCIOBUH IS
obecrneuenus auaepcTsa Poccun B MupoBOi
SKOHOMMUEecKoi cucteMe. OT COCTOAHUS U
KauecTBa pabOTHI KeNe3HOJOPOKHOTO TPaHC-
MOPTa 3aBUCAT HE TOJIBKO MEPCIEKTUBHI 1aJTb-
HEUIIEero COIUaIbHO-DKOHOMHUYECKOTO pa3-
BUTHS, HO TaKXe BO3MOKHOCTH I'OCyAapcTBa
3¢ (HEeKTUBHO BBHIMOIHATH TaKue BakKHEHIIne
(GyHKINH, KaK 3aIIMTa HAI[HOHAIBHOTO CyBe-
peHuTeTa U 6€30MaCHOCTU CTpaHbl, obecre-
YeHHe MOTPeOHOCTH I'paXk/laH B IEPEBO3KaXx,

CO3/1aHHE YCJIOBUH ISl BBIPABHUBAHUS COIIH-
aJbHO-3KOHOMUYECKOTO Pa3BUTHUS PETHOHOB.
Jia pa3paboTKU MEpONPUSATHI 11O UHTEHCH-
(duKaMK KeJIe3HOJOPOKHOIO TPaHCIOpTa U
noBbIIIeHUS YQPEKTUBHOCTH €ro padoTHI, a
TaKKe YIydllIeHHs MIJIaHUPOBAHUS U yIIpaBIie-
HUS IEPEBO30YHBIM IPOLIECCOM HEOOXOIMMBI
METO/IMKH, JTAIOLINE BO3MOKHOCTb OLIEHUBATh
HaJIC)KHOCTh BPEMEHHOU JOCTaBKHU I'Py30B B
r1aHoBoe Bpemsi. OnrcaHuio HOBOWH METOAUKH
OLIEHKH BEPOATHOCTH CBOEBPEMEHHOM J10CTaB-
KU Ipy3a jKeJIe3HOAO0POKHBIM TPAHCIIOPTOM I10-
CBSIIIICHA JaHHAS CTaThs.

[lepeBo3Kka rpy30B KEIE3HOAOPOKHBIM
TPAHCIIOPTOM BXOJUT B COCTaB AIEMEHTOB KOM-
IUIEKCA JIOTUCTUYECKOH 1eNn IPy30/1BUKEHUS
Ha TPAaHCIIOPTHOM pbIHKe. HasiexxHblil mpouecc
CBOEBPEMEHHOMH JI0CTABKH IPY30B 00ECTICUNBAET
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(hopMUpOBaHUE HE TOIHKO OJHOTO M3 BAXKHBIX
KaueCTBEHHBIX ITOKa3aTelieil paboThI TPaHCIIOp-
Ta, HO M (JOPMUPYET IMOKA3aTeNb €r0 KOHKYPEH-
TOCIIOCOOHOCTH Ha PHIHKE TPAHCIIOPTHBIH YCITYT.
Takum 00pazom, COOMIONEHNE CPOKA TIOCTABKU
rpy3a SIBJISICTCS TIEPBOCTEIICHHBIM YCIIOBHEM,
OTPEICIISIOIINM HE TOJTBKO Ka4€CTBO TIEPEBO3KH
TPY30B, HO U O0ECIICUMBACT YCIICIITHOE 3aKITIOUC-
HUE JIOTOBOPOB HA PHIHKE TPAHCIIOPTHBIX yCIYT.

Kak u3BecTHO, MpaBHJIAMHU UCYUCIICHUS
CPOKOB JIOCTaBKH T'PY30B JKEJIC3HOIOPOKHBIM
TPAHCIIOPTOM yCTaHABJIMBAETCs o0miee (HOp-
MaTHBHOE) Bpems T, TIepeMeIICHIS Ipy3a OT
Tpy300THpPABUTENS 10 Tpy3o0moiydarens [2, 3].
JlaHHOE BpeMsi, KaK ¥ BCE B ITOCIICAYFOIIIEM BBO-
JMMOE B pabOoTe BpeMsi, H3MEPSICTCS B CyTKax
(cyt.). YenoBuem Hajuiexkalel JOCTaBKU Ipy-
30B YKEJIC3HOI0POKHBIM TPAHCTIOPTOM SIBJISICTCSI
HENPEBBILICHHE (aKTHYeCKUM BpemeHeM T,

HOPMAaTHBHOIO BpeMeHU T, a uMeHHo T, <
= TuopM'

[Ipu mocTpoeHNU METOUKH OLIEHKH BEPO-
ATHOCTH CBOEBPEMEHHOM JTIOCTABKHU Ipy3a He-
00XOMMO pelIeHUE CIEAYIOIIUX 3a/1a4:

— [IOCTPOEHUE MAaTEMAaTUYECKOM MOJIENIN Bpe-
MEHU JIBUKECHUS TPy3a 10 BCEH JIOTUCTHUECKON
LEIH;

— CO3/1aHKE MAaTEeMaTUIECKOIO armnapara, aa-
FOILIETO BO3MOYKHOCTh OLIEHUBATh BEPOATHOCTD
CBOEBPEMEHHOM JOCTaBKH Ipy3a.

Maremarndeckast MOJI€NIb BPEMEHHU Tepe-
BO3KH T'py3a BKIIIOYaeT B ce0s BCE COCTABIISIIO-
1€ BpEMEHH TPAHCIIOPTUPOBKHU Tpy3a B COOT-
BETCTBUU C JIOTUCTUYECKOM 1enbro. [Tpu aTom
MIPEIOIAraeTCs, 4To JOCTaBKa rpy3a oT Ipy30-
OTIIPABUTENS A0 TPY30I0TydaTessi IPOUCXOAUT
T10 77 MapIIpyTaMm.

OO6miee BpeMs i-ro MapIipyTa MOXHO pa3-
OUTH Ha BpeMsl CIIEAYIOLIUX TPEX ITAIOB:

— Ha Ha4yaJIbHO-KOHEYHbIE ONEpaluy Ha
CTaHIMSAX [-r0 Mapuipyta, 17

— Ipy>KeHblIi po0er 1o i-My MapipyTy, 7" ;’p;

— [IPOBEJIEHUE OTLENOYHOIO PEMOHTA B ITyTH
CIIZIOBAHKS 110 i-My MapuipyTy, T .

Hcxonst u3 npencraBieHus: OCHOBHBIX 3Ta-
TIOB JIBMKEHHMS TPy3a o01iee BpeMst repemMenie-
HUS Ipy3a OT IPy300THPABUTENS 10 TPY30MOIIY-
Yarensi MOXKET ObITh BEIYMCIICHO Ha CIIEYTOIIIe-
MY COOTHOILIEHUIO:

n n n
T(pak'r = ZTHZKO +ZT;}p +ZTpleM‘
i=1 i=1 i=1
K umncny HayanbHO-KOHEYHBIX OTMEpaIiii Ha
i-M MapIIpyTe OTHOCAT TEXHUUECKHE U KOMMEp-
YECKHE OCMOTPBI, 0KUIaHKS TIOJIa4 TPaHCIIOPT-
HBIX CPE/ICTB, OTPY3KYy U BBITPY3KY, IlepecTa-
HOBKY U YOOpKY, 0(hopMIIEHHE MTEePEBO30UHBIX
JOKyMeHTOB. COOTBETCTBEHHO IS I-I'0 Mapll-
pyTa BBOAUTCS BPEMSI:
t! ~— Ha TEXHHYECKUH M KOMMEPYECKHH
OCMOTPBI IO MIPUOBITHIO HAa CTAHIIUIO;
¢!~ — OXHUJAQHUE MOJAAYM TPAHCIIOPTHBIX
CPEICTB;
t,, — momady u yOOpKy TPaHCIOPTHBIX
CPEJCTB;

t;mp — BBITPY3KY U3 TPAHCIIOPTHOTO CpeJl-
CTBa;
i .
!y — TIOTPY3KY BarOHOB;
!, — TICPECTAHOBKY BATOHOB WJIH COCTABA;
i _ -
f: — ODOpMIIEHHE [EPEBO30YHBIX JOKY
MEHTOB,;
t) — OXKHIaHHE yOOPKH IEPEBO30YHBIX
CPE/CTB;

t! — TEXHHYECKMI M KOMMEPYECKHI OCMO-
TPBI IO HAIIPABJIEHUIO CO CTAHLIUU;

t(’;mp — OXHJIaHUE OTIPABIICHUSI.

C yudeToM NpUHATBHIX 0003HAUEHHH Bpems,
HE00X0MMOe Ha Ha4aJIbHO-KOHEUYHBIE OIle-
paluy Ha MyTHU CJIEIOBAHUS i-r0 MaplipyTa,
MOXHO BBIYMCIIMTH IO CIEAyIouiel popmye:
;i

i
orp

Y

HKO (l)TK + t(l»l(n + tll'ly + tllablrp + +
+ tIlTep + t;[m( + l(l)xy + t(lm( +1 (l»l(omp'
CocCTaBJISIONMME BPEMEHH MapIipyTa sB-
JISIFOTCSI BPEMSI CIICIOBAHUS B MTOE3/1aX MEKIY
TEXHUYECKUMH CTAHLMAMM £/, BPEMS HAXOK-
JICHUSI Ha TEXHUYECKUX CTAHIIMSIX IO Iepe-
paboTKOM ¢! W BPEMs HaXOXKJCHHUs HA TEXHM-
YECKHMX CTAHIMIX 0e3 rnepepadboTku tén. Torma
dbopmyrna s onpeaeneHsl BpEMEHH, HE00X0-
JIMMOTO Ha TPY>KEHHBIHN MIPOOET i-ro MapIipyTa,

OyZIeT UMETh CJICTYIONTUN BU/I;
i i i i
T;'p = Z‘Tex + tcn + t6n'

Taxum 00pa3oMm, MaTeMaTuyeckas MOJEIb
JUIs orpeiesieHns (PaKTHYeCKOT0 BpEMEHH J10-
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CTaBKHU I'py3a MEXIy Ipy300TIPAaBUTEIIEM U
IPy30I10/ydareaeM OylIeT BKIIOYATh BCE TIPH-
BEJICHHBIE COCTABIISIONTHE:

i i
Z o T L + 1oy =

¢>aKT peM

n

n no. n .
Z Zl oI + Z;trlw + thl;bll‘p +
i=1 = i= i=
< i < i < i
+;tnorp + gtnep + thZLOK +
i= i= i=

n n

n
i i i
+zt0>|<y + ztOTK + Ztoxomp +
i=1 i=1 i=1

n n n
+zt'lrex + Zt(l)l'l + Ztél'[ + 7;JICM
i=1 i=1 i=1

Crnemyer OTMETUTbh, YTO CYMMHUPYEMOE Bpe-
MsI TIPEJICTABIISIET COOOM CITydailHbIe BETUYH-
uel. Iockonbky (axruaeckoe Bpems 7, eCTb
CyMMa CJTy4aiHbIX BEJIMYHMH, TO OHO Tame Oy-
JIeT CITyJailHOW BeMYUHOW. AHaIN3 OOJIBIIIO-
T0 YMCJIa CTATUCTUYECKUX JTAHHBIX 110 BPEMEHHU
JIOCTaBKH TPY30B Ha ONPEICIEHHOE PACCTOSTHHUE
L moka3bIBaeT, 4to (PaKTUUECKOE BPeMs JIOCTaB-
Ki HaXOJUTCA B OTPENIENCHHOM HHTEpBAIE OT
MuHuMaibHoro 7™ o " o MakcumanbHoro 7' ‘Z‘:f

W3 Teopun BEpOSATHOCTEH M3BECTHO, YTO
CyMMa OOJIBIIIOrO YKciia c1abo 3aBUCHMBIX, a
TeM 00JIee HE3aBUCHMBIX CITyYaiHBIX BEJTUYMH,
TMOTYMHEHHBIX JTFOOBIM 3aKOHAM pacIpeIelICHUs,
NPUOJIMKCHHO MOIYMHSACTCS HOPMAJIbHOMY 3a-
KOHY pactipeneneHusi. O4eBUIHO, YTO JaHHOE
MPABUJIO MPUMEHUMO K pacrpenesieHuto Gak-
TUYECKOTO BPEMEHHU JOCTaBKH Ipy3a MEXKIY
IPy300TIPABUTEIIEM H TPYy30I0JydaTesieM, u

AU

max

akr

TOIJIa IVIOTHOCTH pactpeaeaeHus (JaKTHIeCKoro
BpeMeHH f (7) (puc. 1) MOXKHO 3anucarb B BUIE
YCEUEHHOTO HOPMAJILHOTO 3aKOHA

(t —’n)

» ——— ) tza, (%)

1) = av—wm—

IJIe 0 — JieBask rpaHuIa 00JacTH BO3MOXKHBIX
3HAYEHUI BPEMEHM JI0CTaBKM Ipy3a, 3a KOTO-
PYEO MOXXHO ITPUHUMATD T min 4 — MapaMeTp Mo-
JIOXKEHUS; [ — nepeMeHH0e "3HAUCHHC BpPEMEHHU,
KoTOpOE npuHMMaeT T, : a — mapaMerp mac-
mraba (a > 0).

Yucio 1 — y paBHO BEPOSITHOCTH TOTO, YTO
ucxonHas (HeyceueHHas) cliy4yaiiHasi BeTMunHa
OKa)keTCsl BHE MHTepBaa (0, 0). DTO YHCIO
HA3bIBACTCS CTEIIECHBIO ycedeHwus. Torma s y
OyzeT crpaBeIIMBBIM CIIEAYIOIIEe PABCHCTBO:

1 o—m
2

’Y:

B nepBoM npubmvkeHuu 115t mapamerpa rno-
JIOKEHHSI M | TIapaMeTpa Macmrada a MOXHO
HCIIONIb30BaTh BEIOOPOYHOE Cpe/iHee U BBIOO-
pounyto nucrepcuto. Torna ¢pyHKIMs pacnpe-
JIeTICHUS], TIO3BOJISIONIAsI OIICHUTH BEPOSITHOCTh
JIOCTaBKH TPy3a 3a Bpemsi He OoJiee ¢ (CBoeBpe-
MEHHOCTH JOCTAaBKH), OyZIET UMETH CIIETY IO
BUJL:

F(1)= P(Ty, <1)=

=l (Do(t—mj_l_q)o(a—m]
Y a a

\4

Puc. 1. [1notHOCTH pactpeneneHus GaKTHUECKOTO BpEeMEHH
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B xauecTBe nmpuMepa no OLIEHKE BEpOSIT-
HOCTHU CBOEBPEMEHHOM J0CTaBKU Ipy3a XKe-
JI€3HOJIOPOXKHBIM TPAHCIIOPTOM HCIIOJIb30BaHa
BBIOOpKA CTATUCTUYECKUX JaHHBIX, IPEACTaB-
JeHHbIX B Ta0n. 1. PaccmarpuBaeTcst Bpemst
JIOCTaBKH I'Py30B B CyTKax Ha paccTosiHue L =
= 1150 km. Hucno ciryyaeB TpaHCHOPTUPOBKH
rpys3a paBHO 55.

Jl1st nocTpoeHus IIIOTHOCTH paclipesiene-
HUS BEPOSTHOCTH IPEJCTABICHHbIN B Ta0. |
Psii BpEMEHHBIX 3HAUE€HHUH JOCTaBKU Irpy3a Ha
paccrostaue 1150 kM mpeoOpa3oBaH B rpymu-
POBaHHBIN CTaTUCTUUYECKU psia. I[IpomexyTok
MEXIy HAanOOJBIIUM ¥ HAMMEHBIIIUM 3HAYCHH-
SIMU psiJia ObLTH Pa30MTHI HA k PaBHBIX MTOIIPO-
MEXYTKOB, YHCJIO KOTOPBIX JODKHO OBITH HE
MEHEE YHUCIIa, ONPENEISIEMOTrO 110 CIAEAYIOLIEH
dbopmyne Crapmkecca:

k=1,44-In(n+1)=1,44-1n56 =
=1,44-4,025=15,79.

B Tabn. 2 npeacraieH crpynmupoBaHHBIN
CTaTHUCTUYECKUH PsJl, TaM K€ IIPUBEACHBI IIPO-

MEXYTKH U CpEJHUE 3HAUYCHHS] BPEMEHHOTO
psila, 9acTOTHl M 9YaCTOCTH (OTHOCUTEIbHBIC
YacTOTHI).

['mcTorpamMMa OTHOCUTEIBHBIX YacTOT BbI-
OOpKU TPYNIUPOBAHHOTO PsiJia IPEICTABICHA
Ha puc. 2.

W3 aHanm3a rucTorpamMmsl CJIeIyeT, YTO IUI0T-
HOCTh OTHOCUTEIIFHBIX YaCTOT 11e1eCO00pa3zHo
anmpOKCUMUPOBATh JIEBOCTOPOHHUM YCEUEH-
HBIM HOpMaJIbHBIM 3aKOHOM Buja (*). B kave-
CTBE MMapaMeTPOB B MIEPBOM MPHOIIMKEHIN ObLITH
TIPUHSTHI CIIAYIOIINE BETUYHUHBL:

a = 3,0 — neBas rpaHH1Ia BEIOOPKU BPEMEHHU
JIOCTaBKH TPy3a;

m = 4,38 — napaMeTp NoJIOKEHHUs, B Kaye-
CTBE KOTOPOTO MPUHATA OILEHKA MaTeMaTuye-
CKOTO OXKUJIAHHS,

a’? = 0,7 — napametp maciuraba, KBajapar
BEJIMYUHBI KOTOPOTO MPUHSAT PaBHBIM BbIOO-
POYHOM AUCTIEPCHH;

v = 0,975 — BepoATHOCTb TOTO, YTO HEYyCe-
YeHHas CIlydaifHasi BeTMUMHA (BpeMsl TOCTaB-
KH) TIOTAJIET B MHTEPBaJl, KOTOPBIN 3a/1aH BbI-
OOpKOH CTAaTUCTUYECKUX JaHHBIX.

TABJIMLIA 1. Berbopka cTaTHCTUYECKUX JaHHBIX

4,206 | 3,623 | 3,558 | 3,925 | 3,960 | 5,149 | 3,825 | 3,800 | 4,197 | 4,604 | 3,400
4,206 | 5,435 | 5,782 | 5,720 | 3,414 | 4,114 | 2,901 | 5,142 | 3,898 | 3,872 | 5,402
4,385 | 3,419 | 4,604 | 3,391 | 4,444 | 3,752 | 5,233 | 3,290 | 4,090 | 5,322 | 3,648
5,149 | 4,449 | 3,873 | 3,530 | 6,838 | 4,236 | 5,009 | 4,183 | 4,874 | 6,349 | 4,626
4,069 | 4,179 | 4,179 | 5,419 | 3,592 | 4,201 | 4,201 | 6,678 | 3,948 | 4,431 | 5,119
TABJIMIIA 2. I'pynnupoBaHHBIA CTATUCTUYECKHUH Psift

No /it Bpemennoii naTepBa Cpennee BpeMst Yactora YacTtoctn

1 3,01-3,5 3,25 5 0,09259

2 3,51-4.,0 3,75 14 0,25926

3 4,01-4,5 4,25 16 0,2963

4 4,51-5,0 4,75 5 0,09259

5 5,01-5,5 5,25 9 0,16667

6 5,51-6,0 5,75 2 0,03704

7 6,01-6,5 6,25 1 0,01852

8 6,51-7,0 6,75 2 0,03704
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I'ucrorpamma

0,35

0,3 —

0,25

0,2

Yacrora

0,15

0,1

0,05 4

= [

3,25 3,75 4,25

4,75

5,25
Bpewms

5,75 6,25 6,75

Puc. 2. 'ucrorpaMma OTHOCUTEIBHBIX YaCTOT BEIOOPKH IPYIITMPOBAHHOTO Psijia

[TmoTHOCTH BEpOATHOCTH OyIET UMETH CJIe-
JIYIOLIHAN BUL:

(1-4,38)’
2.0,7 )

1) = 1 ex
T 0,9540,7 v2m 7

I'pacduk mIoTHOCTH TpeiCTaBIEH Ha puUC. 3.
Pacnonaras HopMaabHBIM 3aKOHOM pac-
MpeiesieHns] BpEMEHH JOCTaBKH Ipy3a, JIETKO
OTIPEICITUTH BEPOSITHOCTH JJOCTABKHU TPy3a B
3aaHHoe BpeMs. Tak, Harpumep, BEpOSITHOCTD
CBOEBPEMEHHOM JIOCTAaBKHU I'py3a 3a BpeMs He

BBIIIIC HOPMATUBHOTO BpEMEHU: 1 P 4 cyT-
KaM — U ompezensieTcs mo Gopmymne

P(t <Top) =

_ 2
(-438))
20,7

4 1
_50,95-\/07-\/%“{

=0,35.

3aKiaoueHune

Taxkum o6pa30M, MpCJIOKCHA HOBAsA MCTO-
JAUKa OLUCHKH BCPOATHOCTU CBOeBpeMeHHOﬁ

ILtotHOCTH pacopeaejacHus BpEMEHN JOCTABKU I'py3a

0,35

0,3 /’ ‘\
0,25 /
0,2

0,15 /

0,1 \\
0505 \.\.
O T T T T T T 1
3 3,5 4 4,5 5 55 6 6,5

Puc. 3. IInoTHOCTE pacnpeneneHust BpeMEeHH JOCTaBKH Irpy3a
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JIOCTABKH I'Py3a JKEJIE3HOIOPOKHBIM TPAHCIIOP-
ToM. OTpe/IeNieHo, YTO BEPOSATHOCTH I0CTABKH
rpy3a 3a Bpemsi O0JbIliee HOPMAaTUBHOTO BpeMe-
HH cocTtasiseT 0,65.
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ULTRASONIC EVALUATION OF STRESS STATES OF RIMS OF RAILROAD WHEELS.

PART 1 - PRINCIPLES

In order to contribute to the safety of the cargo train traffic the stress state of all block braked wheels

have to be tested routinely. An ultrasonic technique was developed and different systems are in use to
evaluate the stress state of the rim. The standard DIN EN 13262 describes the technique and the mea-
suring procedure. The measuring principle is based on the acousto-elastic effect, which describes the
change of the ultrasonic velocity as function of strain or stress. The relative difference of the times-of-
flight of the two shear waves propagating the width of the rim and polarized perpendicular to each other
is proportional to the difference of the principal stresses along the circumferential and the radial direc-
tion, respectively. The factor of proportionality is a material dependent value, most often abbreviated by
k-value. The measuring principle has the advantage of easy to perform measurements and enables a robust
ultrasonic measuring technique but it had the restriction that the rim had to be free of texture.

The first part of the paper describes the physical basics and shows the significant change of the cir-
cumferential stress in rims after the application of different braking loads. The UER system versions
developed by IZFP as well as the Russian version YKOH-01 are shown and described. The second part
of the paper informs on the evaluation of the k-value and on a new approach to take the texture of new
wheels into account. Using that approach the established systems can also been applied on new wheels
with texture. Furthermore, it is suggested to discuss a new criterion to evaluate the measured stress state
of braked wheels with regard to the risk of crack growth and wheel break.

railway wheels, rim, residual stress, ultrasonic stress analysis.

Introduction

All traffic becomes faster and cargo trains
have to fit into time slots between the high
speed passenger trains. Most of the cargo trains
are braked by pressing brake shoes onto the
tread of the wheels. With increasing speed the
braking energy increases quadratic and hence
the temperature of the upper part of the rim of
the block braked wheels sets also increases.

Due to the heat put in during the braking pe-
riod and the subsequent cooling tensile stress
in the circumferential direction is developed in
the rim of the wheel. Cracks in the tread which
are not harmful otherwise, may grow under the
influence of the circumferential tensile stress
and may even cause the failure of the wheel.
A typical distribution of the circumferential
(tangential) stress in a cross section of the rim of
aused monoblock wheel is given in figure 1 [1].
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