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The research on the flat spalling of railway wheels
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Spalling of railway wheel is a damage in which white layers are formed on the tread, and cracks are generated and propagate
due to the repeated rotation of the wheel. In this study, twin-disc fatigue-wear tests were carried out under the various conditions
using wheel steel disc with white layers on the surface by laser quenching, in combination with rail steel disc. In addition, elastic-
plastic FEM analyses were performed in order to clarify the results of these tests. The crack growth direction and crack growth rate

were estimated by applying Vector crack tip displacement and J-integral criterion.
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1. ﬁ%‘? Table 1 Chemical compositions (wt %).

Pl I E RO R ER A X 2 M6 L—)L b bl Material | C Si Mn P S
L2 T, WEOHIEN )& Bl A LT L—LiZ Wheel stee]  0.65 0.26 0.73 0.016 0.01
Babid, 20X BRAMIZE T, EiglZidbkx 224815 Rail steel | 0.68 0.26 0.93 0.016 0.01
DIAETLHZENDHD, ZOHRTT Ty MEI BRI, #Hig)s
L=V EEWREL & XICEERIC LV RmO—HIZAE Table 2 Mechanical properties.

J& (=7 P A b JE) MNA C, 0 & Efﬁﬁ 0)7f5kL LE@E Material l:;t::;lf E:An}ii;e) Prﬁ;j;t;r)ess E]ast(i«z}r;:)d s Elongation (%) | Poisson's ratio
CE>TEZOMANbERHBREAL, HEREL LTS Wheelstcel | 981 - 1030 470 1973 8-12 03
BETHLO, ZOBRENEL-HiEEZOEEHEMRT S Rail steel 934 508 183 10 03
&, RBOBEMC X - TE» 0 Ic B E L 5 2 THHRE Whichyer ] - 191 205 : :
WA DR DFREME S B D,

AWETIE, 75 v FOAAEL D XTREAELTHD Table 3 White layer geometries of wheel specimens.
< HET 5 % TORGEMBIT B0, HEEEFALE No. White fayer size(rom) DepthvLength
R & L VBRI % L T P — Length Depth
FERBR (DU F O IR & B L, & 51O EREER i Lo 0.167 0.101
BT %720, WIBMEAIRSRE (FEM) RBTIc & > T3 i 7 0347 0.0%3

BRafiBE Lo, AGERETRAET D S HKOMER ST LD Length

R 2 AT 5 720, TN L& B \hite layer/ ¥ pepin

(VCTD) KRONJ D &AL,

L, ZZNDOTETR I DEY THD,

2. =HfERY-RRR RENTEERRE T (RIE RIS 1, EAIEET),

(2-1) EBRFZERUEREH BRIV BENE S) Prax 1% 1100 MPa & L7, Z DA,
PR R R 55 — BB A W CERE T o 1, Hertz BREa? &L 0 makBR i OB E F, 13 3037 N & 725,

B OV — VREBR A I A, EY o ER L L —L HRERCIIAIMICIL 5000 [EIEE4E, 200,000 [H1H5LARE (X 10,000
LB L 7o, KRB OB & B REEE, 21 K& (BRI BT D EERER 2 E Lz, FoR Bk T#IC
O 2 T, WA o-HEZE T < HfEHRC, ﬁ{i IR 2 YW L CH A ¥ — VIR TR S, S
30mm, EX 12mm Th b, HEgaBicix, Rimi E L o> TERE I BB E 1T T2,

—BEANIZ L > THEBEAMEH AT 180°Z & _2O%A
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(2-2) EEBR#EHER
AFERCCIE, BB & BT 100,000 X Tt 420,000 [H]
HE &2 2 SORERE FEM LTZ, = OfERE, HikEIC L2
R OHEHRBA BT HABONEEE L LTH |1
T2 1T, B 1 L0#H oA T, i Bl
oM EOREICHR > THERBL TS ERE, Rl2hn
LTI BHCE SO 0B 5 2 L0305, S5IC, Al
EHLETIE, AGBRICBWTREN S £ T, B4
BEAS R S5 28, IRIE PG AICHER LT 3 H15
STz,

X 2 (20, #2 O A6 IR D E BRI D 420,000 (5]
R OBEAEETT, M1 O#l LRMKIC, FomEkn x4
DRAELTHERL, X< A2MHEmA AL, /LD
REIIR->TH#HRELTWS RSB INT,

FBAAEOEC X S, f B AT CIX 420,000 [F]
RIEGATH S R/RAE, HANESE v b 7ehotz,
723 100,000 [EH51% O IT A AT T 5 % 2T
Bl SNtz

Leading edge

Trailing edge

Fig.1 Microscopic features of cracks by optical microscope on white

layer #1 after 420,000 cycles.

\ Trailing edge

Fig.2 Microscopic features of cracks by optical microscope on white

layer #2 after 420,000 cycles.

3. ¥ FEM R4

(3-1) BHFERVEREY

FEM f#H71%, LA =— K MARC # W CTHEE L=, X 3
WM ERBRE XS E Lz FEM fiftFre5 v 2R 1, BRI
L—b, TR ERRERR CTh 5, Eimai i icidaaEn
AL TH D, AEEORIRIL, MES OfRXOEEEICL,
£ X 2mm, X 02mm @ 1 FEETHIMK & Lz, FIX(@a)iE
2R, (OWFAAEIEED A v a2k UORT, AERR
i 1 WEROTHEEEAOTET ML, BT %
MBS 5720, miaBh i OB & O H i RER R o
Fa)E 2T 2 R A A< aEl Ui, B hEEsE~-HEIE,
0.00125mm TH 5, FEMGHAL THRAT 25 R POT H
VR AT I IRE SN A 720, WRBR A o JE 5 a1 45°
DI E Uiz, FBRA T80 Pilot fim A2 E L, RERA
W EER OB I BT D 2 MR A 1T - 72, Pilot HislZa
TOIWE & BRSNSt L7z,

(a) Entire mesh. (b) Near the white layer region.

Fig.3 FEM Analysis Model.

fEMT O FIAILX, LT O@EY Thd, () V—rAilBRfo
Pilot fii sl E 2 A, (i) BlmakER gy & L — Vil 2 8
RS TV EZALSERNGREEEIE S, (i) KRB %
TOBRE LI-AE (Eiiai < 20°) FChiizs¥7-%
WMEXREL, (iv) KEICHRBRI ZPEICRET, 2hi
N[E# VK= & T, NEERZEHE L7,

HRRER T & L— VR Sk L 2R B RIEE TS &,
AR IS KR X RIS AET BT DM ETENAE T 5,
T, FRCRES oM L Af)E L OB RE TORNE
KT DI TR RBRIS IO ENLZET D N=5 &
L7,

(3-2) HRAEELEHETIL

g o HUDES B OV B8 ISR SR AP UL 35 1) 2 = 2Tt
L, B30 BEfil gt FCoO X HOMERE S J oy, SR
B ME~7 hLEREIENM (VCTD) 12Xk - T, Rmiiko
EBRFEREZ DT D, ST SOV TIE, EREM (Poax,
S72 ) LRILCTH B,
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X 1R AERER] OZFRFERICE ST, SO
DAy v akK 41077, K 4@iTH LS THS 0.1lmm O
XRTHY, NG HEAOEHE SITHHET D, bIEEE
J& O i FE A AT T O RN O 0.1lmm D X HTH 5,

Crack mouth
‘./
/ Crack mouth
‘/
> Crack tip f/
Crack tip

(a) Center of white layer. (b) Trailing edge of white layer.

Fig.4 FE mesh around the crack tip.

(3:3) RY hILEHEIRER

VCTD I, K5 IZRT L9512, E— RFIEOE— RN ILEY
SEERO FMIZENENER T 2 & R 0 &
(CTOD) ROV & 290 AL (CTSD) DX hLfnk
LTERINTWD, I ERL, RREAWR oW
TROEEICL->THEL, E—FI:E—F I OART
TNENEEMAN L TR B E LT,

S(ayrT X 912, ACTODIX, ACTOD tRILKE XTH
D, AROZHDFT MDD, EREIHIBNTEZEDOT
DBFAET D &, B AME— RS &R ITARD & RHRIK
WS- CTEEBET, TR LY 45°07 BN D, /RTA—H
ACTSDe 13, X 5(b)D & 912, K& SITV2ACTSD & L CiEs
ENbd, 7 MVACTD FKRO LD IZEREIND,

ACTD = ACTOD + ACTSD, (1)

ZHIE 5D L OIS IREET— FEADFER L L TolRE)
NERLTNWD, THUDHLDOBENDG, EHFEHT~T b
ACTD JiAIZpET 50,

IRAT— NI &4ITi3, ACTOD & ACTSDe D727 1T
45°THHZ LIERT B E, RO ENDN5H,

@ (b)

ACTD = V(ACTOD? + 2ACTSD? + 2ACTOD * ACTSD (2)

Z Z T, ACTOD = Ad1 = Otmax - Otmin, ACTSD = Adn = Otimax -
Otimin THD (X 5 ZM8), Simin KO Stimin 1%, T IENOREHT
FOREHAT v 7L o TR Lz & RN &
D 7D & RESAEN O F/IME, Omax KOV Sumax 1, F4L
TNORKETH 2, ZOERTANT, X 5(d)0 & RSk
MLCERT D &, ARDE RN 6 OMAEIFRATHS
ns,

.1 ACTSD
! ACTD (3)

@ = sin

FEM fEtrid, &— F1 & 11 0 & ZUEMZE A O il 2 K o
T, RQEVCITRA L TRAEE— FafE T COHEREIT M
EHEMET 5,

(3-4) JHEHE

JRESYIE, TEMEMEREE AT B T X AR R A BT
L1-DDHEMED | 2 THY, EROMEIE) =R LT —
RERIZESNZ LD Th D, MVIRLAMEZ T TEH
JEIC R & e VRIS B AT 2 BT A TE < R
BISTERABERK E)ICHT LT, JREDIEEORETHEH
TLHIENHRETHDL EWVIFENRH D, J D IFRATE
HEnb,

J= [ Wny =T - Z5ydr (4)

K 6I1RLIZE DI, WITOTAZRVX—EE, I
BN A TiA D B E CRIFEHEID AR, TIET
Rl < iR, w 1FEAART bV, m 13T OBEALERO X
HSEATR F RO TH DD, L, BRWidH 54,
HOVITERBERLICE Y, EHBF IR E
U 2%A0E, JREDIIHBICERTE R, & 2 CRMIC
X, BRITICES W N =1 BRI & R0 J EE RS
B LI LG,

(© (d)

Fig.5 Definition of Vector crack tip displacements: (a) mode I loading; (b) mode II loading; (c) mixed mode loading;
(d) Relationship between &, dand @
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Fig.6 Independent contour around the crack tip ©.

4. FEMEHTHER

(4-1) VCTD Bz kB EHERA RO

ZELERTTW @ & LD IERIZRD D72, N=5 [BlRfE O
TRGEIMAM EAVWTHEB Lz, TO/RE, @138 36.7°T
Hotz, ZE, FHoETT NV ETES 2mm S 0.2 mm
DOEGRBICHRALZES 0.1 mm DX R, HR8 0 Sl
TT@@%%—%WE_;OT%@%ﬁwg3arﬁﬁu
ENCHERT DLV ZEEZBERL VD, ZHICHLT,
FEBR T 420,000 [HlEE L7z#] OFRGBTHHK 1 T, &4
HERAEIL O=300L 2> TWND,

AT & EBRAER VBB IC—H L TWARWNWI 2220 T
%, UTFo L) RBANREZ LN, SBOBHNFHE T,
(1) EBSERICELSZOEERHDZ L,

(2) =ZmE K OWRER A OB (2 3 1) 2 BEER R0
Z RV OBAICK L CHEM R E S D=, ik B
R 2 ERH D Z &,

(4-2) JEREICK D ETHARRE O

X 7 KO8 1L, T E a0 K OV & A
EAHEICR T 2 RO J By OMHTHE R 2~ d, it
1 JRESE, BEERIE 1000 rpm D [R5 EE (2 ek d 2 FERER]
EROL, OBORRENLEEE LD D & L, 77780,
FULER T J R4 D R 0.0324 T/m? (2 L Caf
TR AT D % BISEIR O KAEITA9 0.505 J/m2 &V H 2 &
WM DH, T, =i - L mEBRA A, ThEh
1.18%102 KT 1.241x102 B O Rg 5 F TR L 72 RERL T, &
UL C—BEEBE G2 EEZERL WD, £, &
BOEREP S L5E, JEGEIEWIEE RN EIEE R
<, ERLLTWHOLHShD, 2O &G, 2-2
TR L7z 420,000 [B]fE S W7285A O#1 A 0E O EEE R
T, farEE R O Z RO TR O & RV E < HEE
LizZ E3FACTE 5,

5. n|:|§

BEHEIRDO 7 T v MIKHEOBGEH LM T 57

M e & S0t L, é%’%%"ﬁé%ﬁ%E&UL
@kk@#%%% L FEM f@#r 247\, JFE 4y B OV VCTD
HEHERFEM L-, ZOREZUTICHED S,

(1) 420,000 [Al#xf:, ASEOSEEIC I S 9 0 5 6T
WCRBWTERRA - RSB S,

(2)#1 OHABRBIZEBWT, FULEEEL Y b A E HAEES T
TN R L CEBHICE-TZZ 8%, BEO J B
DERKREPIZEDICKRED S22 TH D EHEHIE NS,
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Fig.7 J-integral results of the central crack on White layer.
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Fig.8 J-integral results of the trailing edger crack nearby White layer.
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