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ABSTRACT

The rolling contact fatigue of wheels for high speed trains is a matter of increasing
importance. The wheel damages from fatigue crack makes noise up and safety down.
RCF-casued accidents cause traffic congestion and economical costs as well as personal
injuries.

In this study, we examine the rolling contact fatigue of wheels for power car running at
300km/h. Using the results of multi-body dynamic analysis and the proposed procedure of
Ekberg, we calculate the fatigue index of surface-initiated fatigue, subsurface-initiated fatigue
and fatigue initiated at deep material defects.

As a result, the fatigue index shows us whether fatigue will appear and in which form. In
addition, we present Shakedown map on surface-initiated fatigue.
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1%1. Wheel RCF Modelling Strategy



3.1 ¥H/NA] 3 Z(Surface initiated fatigue)

ARk o ® HLaeF abEo]l 1WA FEe] og 92 fdS 2W AR #Eg A4
of ofs] WAt o] FA® (ratchetting) = W AR5 AT I Z(LCH) 98
ol ZIA M, digf Hd Smm FE o2 Fdo] AFS Azl AF3 EA7IIF ddo]
Hol AEe] gHo R e o dAght)

Hu] Hertzian A&, p, =3F./(2nab)S &F H(torsion) 558 k2 ro] Afstd &
Ast=, vo] FHE 2 FHEF OS2 shakedown mapol] A-&¥ ),
Do 3F,
v ? 2mabk
shakedown mapolA #FF3x+= H&ZA(utilized friction coefficient), pol™, Wz} =2k
shsAbol o] vlE = Ao

Fu _ VEHE

p=—g = Ia (2)

z z

oA714 F, o Fje 2zt a9 e, A5-A4% gae] Folr

P

Alternating

O plasticity

(plastic
shakedown)

(3F )i 2na by

poik

BC

Incremental growth (ratchetting) |

Elastic shakedown

Elastic

Normalized vertical load, »

Subsurface Surface

. . . . .
[ 0.l 0.2 0.3 04 0.5 0.6
Utilized friction coefficient,

292, X2 ¥A¥ work point(WP)Z WElH? Shakedown map.

shakedown mapollA ZTW 3 2o st Hrle= 28204 TH 5L gusts T/ Ho=w
UERH BC(AAIZ7D) ol &3] o] FoXt}. o] apAMe digh 42 vh3 )

y:l (3)

1
¥ ¥ 2 A4 (surface fatigue index), FI,, & ©wdtste] o o] xdwT).
_ 1 _ 2mabk

F]surf:/'L y_,u 3Fz (4)
¥ ¥ 2+= thSo] AEE uf T f-5o] WAt oS3

FISW >0 (5)

, @ 1l AR sk dd
3 HH%OH .%7] f%% ﬂﬁlﬂﬂr ZHH o] & s 7 F A= Aol Fostoiof gk
EEE} -‘ﬂi(Sub—surface initiated fatigue)
Hal /A f2e & 74 sy U4 AS GHEE AE59A), vAlgk 33 dite] H Y
e ZH o FRAHoZ e w7 A3 Zo] A3 ZLsle] W gﬂuﬂ elastic shakedown®l|
13 ¥ Z(high-cycle fatigue, HCF)¢] Z3}o|t},
Hal v&2o] A5, ddo] Ag FHOREHE e 3~10 mme] zololA JHAIE o] AlEA S



| ko w AAsiurl aHow et 7)ol o8 vido] HAlEte] AbE
| "ol yriA Atk sbaA] d5eF 29 Aol g 15~100 mme|th
I 7% Dang Van t= 3 27)|A] B AS o]835lo] Ay, t}S F 524 0]
APe v 32 &4 (fatigue damage)o] =Y Tt

TpQ > OEQ. (6)

T TE A5 5% AR 2w 49 vhed o] Dang Van 7 &89 Hujghs A
stAZ 5 A
F
Opo. PR~ F;b (7)
Tr-eEE 2te A5 =7 759 <A 57F &9 Adgke 53 2o
OpQ = 0pQPRT ADVO} res (8)
A7IA apye AR WA o5 HEHE HEEY ] 9= d@Aolal, o, = VHEEE W
oA ] FzZgA ot} EF g, T AFSHY AFY TR IFY uf goltt
37,
apy = o, _% 9)
Thres = (Tpres T Oy res 0. 100)/3

|

PG 5 JFE et 2ol AT F ek

O

OpQ =~ UEQ,PR(lJrM?) (10)
21 (6)~(10)= Aelstd, dukA]l 5 A5 Ao xWst 571 S99 SAS 945 F A
o g9 AN NEE A% 92 A5 FL,E 0o g
r,
F]sub OpQ ~ Tb(l—i_# )+aDVgh,res (11)
Dang Van ¥4 $5400] A9e o 9= ko] SAgE et
F[sub > GEQ,G (12)

AN, opg. = w7t AR FAOIH, AREHOR 54 :r@i {sz?&‘:}.
AA ez =2 $HS U AN A

gest ol ZasE &

o [d\VE
_(do) (13)

OEQ,e
A7NH, 0,5 A4 do) ARL BR e AR AL WA, opg = ATY Aol EAGA 2
= wo] gAY, dy= & U opp oA = JHAIZE A S A A A ot

3.3 A& Z3st(Material defect)

de AFNA ANRE Mz Ee F4 351 mm 99 YuHom = AR IY
(inclusions) 9] Az zhgo & WA= 15y I Z(HCH) & 2 wAE = Ao}, 7
Agke AF 99 okl 10~25 mm QololA 9z Ade] AAHH st Ae) ge golw 4%

st} 9

4o w)5lo] A% shlAsh ol 25135 mme) AW 29 A% ol
w7k 2 g



AFEA H7HE 98 J2e o Felo] AEE u dAste= FoR oSt
Flyy > Fy,(2,d, H, ...) (21)

= Asto] Zlo] 2, Adte] A7) d9 3% o]H(load history) H

stol A} F4584 A (metallurgical composition), Z2&3+e] 4+

= Aer woln, F, o A= HAT A A7 ATl Ao
4. 23}

a3, thrt 3F Q2% z}1Fo] W3k work points’} shakedown mapol] E=QHATE o 714
Ao A g 82 k= 300 MPaz 3&FQlth. 1840 w8 dixte] 5 Aol digh 3w ¥
2 AF FL,, o 3l2=Ead(histogram)o] AAETE FL,,>09 v £W 927} JSHhe 4
S A7 9425 3 29 Yol e AS & 5 9

300

1 Alternating
g o Flasticity N\ Ne___ 290 %
(plastic
1 =hakedown)

250

200

150

Incremental growth (ratghetting)

2 Elastic shakedown

: PANVAE

-0.25 -0.20 -0.15

Normalized vertical load, v
Number of occurrences
g

Subsurface
0 — Fl, ()
0.0 0.1 0.2 0.3 04 05 06

Utilized friction coefficient, 11 94, sEUAe] S5AE gt
- B (FARR) vs. FL,, (BFR). (F
19 3. shakedown mapel] TAE Q2% ¥ Hd  ° ST surfrTo 2Tan). %6

3k Work points (XE9 W& FAHE) 1002 €] 2A)

FHet J2AgE -6l deuslt 2 &S 9] 98], Aol 250 MPadl #1st ¥

2o HF EEHEE Ze ARE AHESIIol Atk oy, =300 MPa®] T7F T 2IA (ko] A 9]
A2 At Td)S Ze AnE s, 4 (13227 H AF&H] ¢glg o JAd dd &9
o] WAsE ZololA d=0.3~0.6mme 38 Ag A7|E 7HAH, FF SHo| EAH H=
A5l aE 7HAG 84 AF 2717 i Sk 2 Aol

Fo g, 74L& Age dEdas HR AfE 2960l YERIUT FIL,, = 76 kNZ 84kN A o A
Seol Agetal dom, Hulghe Fl,, =86KN AEUS & 5 3



400 400
350
w
§ 300 § 300
2
§ § 250 A
o 200 O 0
s : I
o L im0
£ N : 1
> 100 100
§ / - L
50
1YL | 1
220 225 230 235 240 245 250 255 260 70 75 80 85 90
Fl_, (MPa) Fl.. (kN)
95w WE(F 1000) vs. FIL, 296, A WE(F 1000) vs. Fl
5. A&
B =EoAE 300km/he S22 F3ss =y uHAT AFS gEA 59 9§ 2
ae8S ata, AEFH HArbole) AT ALS Hertz HEFol&o] <73 Kalker'sd Simplified
Theory® 3d|4& 3l oledt A2 RE gldoz Aojx= AFHe] Aubdy) dnbgd s +

S, AEWel e FHFORTY AEUN FEHU Yol WA A g 52 T
stol ®l w7, Bs 92, 2& Agel WP 924 F(fatigue index)E T
A4 A, 300km/hE FASHE @FY 1EALY FAAE A4 A, W A=E A BAH
A rom, EWs v2E 250 MPal EWs} Wzl @ BEFG 2E ARE Aol AHes)
=4S BA 854 gom, aR$e xS W H§ AR
B Fly =T6kNT 84kN
Fl =86KN & % % itk Age) sz 290 7]
-

ALY 2

B 7= ursd3yd nsd e os A9 “usdd 2 gAdz A5 e 3

2 Interface AT A2l AFZAF JRLit}

FaEd

1. A3E, Ted, 1718, @ER(2003), “nEAE A% 457 AU v €37, 2003
d FA S=dig], st

) SHxd, A713H2003), “FrterdfAs o] &3 = AEHAE AF AgE mpR o
=7, 20059 FA g=d3], dEdst

3. Anders Ekberg, Elena Kabo & Hans Andersson(2001), "Predicting Rolling Contact
Fatigue Of Railway Wheels", Presented at the 13th International Wheelset Congress in
Rome

4. Ekberg, A., Kabo, E., Andersson, H.(2002), "An Engineering Model for Prediction of
Rolling Contact Fatigue of Railway Wheels", Fatigue & Fracture of Engineering
Materials & Structures, Vol. 25, No. 10, pp.899-916

5. R. Lewis, R.S. Dwyer-Joyce, S. Bruni, A. Ekberg, M. Cavalletti, K. Bel Knani(2004), A
New CAE Procedure for Railway Wheel Tribological Design, Proceedings of the 14th
International Wheelset Congress, Orlando, Florida, USA



	Main
	Contents
	Return
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


