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Study on Rail Wear of Freight Railways Based on Non-Hertzian

Wheel-rail Contact
YANG Yuming
( Xinyi-Changxing Railway Co., Ltd., Nanjing 210018, China )
Abstract: With the development of railway operations, the increasing axle loads of freight vehicles have led to severe rail
wear. This study employed the UM dynamics software to establish a three-dimensional model of rail wear for freight railways.
Calculations were conducted for rail wear under specific track conditions along a private siding of Hongliulin-Shemmuxi
Railway. The results reveal that: (1) Wear on the inner and outer rails along straight sections is comparably minor, with
little difference observed between them. (2 ) In transition curves, wear on the inner rail is predominantly concentrated
within a distance of approximately 10 mm from the running surface near the rail edge under wheel-rail interaction, whereas
outer rail wear is mainly distributed along 80 mm radius arc section on the inner side of the rail. (3) For outer rails in
circular curves, wear is severe, primarily occurring on the inner-side arc sections with a radius of 80 mm, with noticeable
wear also present on arc sections of 300 mm radius. (4 ) Inner rail wear is primarily focused on arc sections with 300 mm
radius at the rail head, while wear on 80 mm radius arc sections is relatively light.

Key words: rail wear; three-dimensional model of rail wear; outer rail wear; inner rail wear

BEH Pk A B S S A, BRs b FETTNE AL, AT IR AR A AL, AL I BLESIE , &
TERBPUEBAER T, X S EFE, Bl BT R, B S e AR P R B
THBAEMIE, T EE T A e E U BB RE , i T R A LR S R, AT

s B H#7:2023-10-26

YEE RN A EW(1969-), 7, 154 TR

SIS K] . JETAEPR Hertz 1Ml 0012 BREKTPLEFENT S [ ) ). S BREREOR , 2024, 15(3) :34-38.
YANG Yuming. Study on Rail Wear of Freight Railways Based on Non-Hertzian Wheel-rail Contact [J]. High Speed Railway Technology, 2024,
15(3):34-38.



%34

W W TR AR Hertz HEA 10 52 12 BRIAN PR FERT I

202446 H

FIRAE YT . Olofsson " AR HRAS B4 Ml L
A5G, AT Archard JEFERIBUTT S EFE &L, N A
RREFEH R BB ; Lewis KRN 400
JEFERIPEAN SRR, ADAMS/Rail 8 724800 a 5 AR
& Kalker fajfLFRIE AT Archard BEEEFR S, X501 BEFE
PEATAFTEH s R S5 | A T BB L T 4 0%
W AERRIEBE AL 2O A A 2 R G )
FHBE P = 4ETR S 3T Specht RUFAEHE
TR, Xt A ) BE REEAT T VEANRTSE s Mo 37 4%
FIFH ANSYS A FRICTHH -8, 456 b RHE FERC Y
LT E AR N FERAL, S TP AL T i 2SN
XN BUBE AR

ASCRIHT UM 3 ) 5B b (1Y) Input #0477 67
% - BHE AL, e A F] Simulation {7 B HL 43 M T
PRI AR ) s R AT Archard AR FERIR
THET R o DX A BB FE TR B O3 A A B A 5 e
K 05 ELAS BN PG S5 R PEFE 15 97 S I (B e 34 L
B U UE T AL AT SR R

1 NEEFEE
1.1 REEBFITERRR

B ST AR RS B A 194 T S R R0 v B R
REFATRIL, B RS FESE T3 EEFE + 1/2 M B4
AR LSRR R IO B 1/3 A (RERRE T AL
Tk 1 B o, 0 2B T S G T AR LI T (b oA
WETHT ) T 16 mm AL A BEAE &

FIFH UM H ) Input AT ST Al =S IR A Bl
FIATE | FH 24K S0 72 UM #44H 9 Simulation A5
TR ALl ) 3 S8 s B 5 AR ADRL S S A
AU FE(E . AU BSFERR B 0. 1 mm #E47
R OB R E A 6T, BRI 48 ik Bk
el RN B w2 S o G o | S e ey L S I WS T

| #e% - puamasn it |
!

SRS LT
LRI VI it

MEHEFET 5

AR T SR

B1 HERER

1.2 SBREHEBRSRE

C80 4 F L Ak e 1m 48 Bk B SR
TR, C80 AR A A R A A BIE A 1
FE WAL AL I ki AT A 7% Ke Al
SR A RSN — R0 4R 1 48 R D B N RRAL
PPE T 28 SR — R R R AE AR e s By
IR s — R A A8 EE S e 1 0 rh b
RS, RN EREARE; T.O8R M Ehe el
FEESFELL ; 22 25 ¢ 4 EE 150 mm x 250 mm x 160 mm
XA (B 4 7R T4 7K . RE2 A Y 50 5 25 % % HEZB
B¢ HESA BURZE 4240 5 v AT =B 1) FC Al ) 20
Rem HAXHIBE, C80 RSN 1 s,

F1 C0EFEFBHF

i Hf
HEN 80
EEv <20
VA 25

HEREE /mm 12 000
AP L /mm 8200
AR i /mm 3793
Y /mm 3184
AR /mm 10728
FEAR N FE/mm 2946
R HAR/mm 840

M C80 T2 42 S48, HE T % K6 HU s a] ZEF C80
T4 - AR IR 2 E 3 R

2 K6 RIS mAEeE

B3 5F - HuEREHhFRUE




34

W W ST AR Hertz Al 10 B2 12 BREAN P FEIT 5T

202446 H

1.3 ®BEBEMETE
1.3.1 JHEIEmN

Kalker™” 1] FH 31tk 727 4% G JEUBR , 5 ik > 25 i)
BB IRE T, AR AZ A B 47 R0 A B 0, SR H =
AL ENAE Hertz TR SHIZMMAOREA I, A 4 FiR .

Ax,

eIy

X2

Axy

/

E;

AC
X1

B4 FERADETRER S ESALE

ARREIRH B HOE A RA N
1
S PsApp Py + (hy = q) PyA,

minC =

Py 2
s .Py=0 VX e A, (1)
A, EJ,PB = Fy

Krp: Py Py——0 iWEITE B LT 1 FIEIG T 1

B 1 (Pa )
Apy— 5 R AL
Fy—RRAZ L I3 (N ) 5
M—— BRI B (A ),
FRAEEREE PRI LM AL AR 40X S T AT 60 kg/m X
BRI, FE T RS PR T AR AR Y AR L 2 fish DX 3k
U 5 s

El5 ®HMARTHEEE

1.3.2 $EDImN )

Kalker 7E AT 5C B Ml ORI 5T Hh, A5 8 > i
TRVR Sl 2 il (1) 26 PR PEAE , (H L PRI JE T Hertz #1118,
& TR, J5 0, Kalker 76 PEFRIS 1 FERE
e RO B A BRE A T B, B T AR PR IR ( Fastsim
), WIS IE TN HUN 4 il B, R, AR R
Bl il ) 1) W g T LAF 7 AL R ( Fastsim 5235 ) R

Kt
1.4 Archard EEFEAEEY

Archard JEFERHE IR T 5042 Ml B A A BE AR IR
G e TR U B L (0 55 i e 4 e
Archard BEAERAIEL AN -

mng¢% (2)
A VR A BRI (m?)
K,—BSFEREL
D—HR N (m ) 5

N—km R JI(N) 5
H——EA BT B2 ( MPa ).

2 ITEER

MG LA R L HZ I SEPRIE O, R I T 15 B
Rl

(1)C80 #7%-.

(2)#hHE 25t

(3) %3 60 km/h,

(4)60 kg/m #%HL.

(5) 37 T AYREE A4

(6) BEAIEIR,

TEHL K 23 + 030. 562 ~ K 23 +902. 692 HLFLEL, #
EAIR A2 E T gpuE i, e 6 s,

g V=60 km/h Hz
R=800m
h=0.05m
HY 0z YH
HFE/m
6 HZSHE
2.1 HEKBRER
I B R [ AP 7 R SN
FER A 8 R

0

3
& -6 W S8,

-80 -60 -40 -20 0 20 40 60 80
AT T /mm

7 BEZERNHEE EHE

F T 8 T A, Tk B L S R R0 i s AP 2 2
BUME, KA R A AR B ki 44 SCR BN R I



W W TR AR Hertz HEA 10 52 12 BRIAN PR FERT I

202446 H

: : : \ \ \ \ /:‘/7
30 20 -10 O 10 20 30
A7 B AL bR/ mm
(a) WHL

T T T /
10 20 30 v

30 20 -10 0
o7 B AL R /mm
(b) 4L

8 HL&BRAMIMRHEFRER

BUR @ o fris i M 101, HZRBN AV
LA SRR AN ﬁ%ﬁmﬁt%ﬁiﬁ SN SRR
A EL AR RN i S S T X EE

FEH A 440 0o 5202 B 10° LT, LR
LS FEAR UL 520 43 3] R 0. 665 mm 0. 684 mm, # %
2.86% ; NN TS BEFEAAEL S 43514 0. 125 mm
0. 128 mm, A2 2. 4% ; FMP T L ESFERLAL S 5351
40.712 mm 0. 707 mm, 2 - 0. 7% 5 SN AT B HE
FEALL S 4358 0. 138 mm ,0. 144 mm, #HZ2 4. 35% .,
2.2 ZBpKERER

SN Hh £ BEAK IS R T OB AN 9 I, AR
BRI 10 FR .

0

g
&
- Pi4h 54
E.:\
=

80 60 -40 -20 0 20 40 60 80
LTI /mm

9 ZZFNEMZER RN B EHE

HT &L 10 AT A1, 22 Al il 28 B PN U 6 2 220 A 7
FEBLSK P 10 mm ZeA5 EAT WAL SN DN FI LR 77
Eiﬁ?i@%ﬁé’ﬂ*ﬁﬁ

U L ok

\Itv

iz T 10° 0 N, ML BLA

-éo -2‘0 - i 0 6 1‘0 2‘0 3‘0 &
A7 B AL FR/mm
(a) L

30 220 <10 0 10 20 30
A7 B AL FR/mm
(b) HMi

B 10 ZFEhZERAIMREEFEEE

47N I T LS AR AN 1 S AR e R P AP 5 S N b
A T A S R N 1T P AR A R AT X b AE AR ) 4
WA S 100 IFALR , LR BRI S
A% 514 1,191 mm 1. 248 mm, A 2% 4.79 % ; N L ]
T JER FE AL, S 43514 0. 876 mm 1. 114 mm , A1 22
27.2% 5 AN ELES FERLRL 52 4350 R 1. 613 mm,
1. 642 mm, fHZE 1. 8% 5 NN [rT BEFEAEFUL LS00 53 531)
9 1. 658 mm. 1. 682 mm, #H25 1. 45% .,
2.3 EIHMKERNER

[53] 1 256 B3 K 00 5 0 7R o B AL 11 T, AR
HUBEFER A 12 FR.

0

AN BE/mm
5 S

-20 . . \ . . . . ‘
-80 -60 -40 -20 0 20 40 60 80
AT T /mm

B 11 [ ER N

FT AT 12 AT, (52 pih 2 B P9 U v 3 2 K 2B A Y
BRI B A AT T, T LR AR 00 T R X A
o REG T BUBE AR A B Rk ) RO e
AR LURG ,J_ﬁk%?jlﬂ’ﬂﬁﬂ R T

U EE A bR is i R 10° ¢ T, 2R B




vl W W ST AR Hertz Al 10 B2 12 BREAN P FEIT 5T

202446 H

———————————2 0
-30 20 -10 O 10 20 30

£7 B AL KR /mm

(a) WL

3.0
2.820

2.467 25
2.115 20 §
1.763 .-
1.410 W
1.057 1.0 ¢
0.705 L os
03525

0.000

30 20 <10 0 10 20 30 14
A7 B AL bR /mm
(b) #Mh

12 [RErhZERASMREEFREE

G I LSRR RN 1 P fi A AP - S P A

BRI T S R A0 S R AT X L AR AR R 44

WL OTiE B 10° BT, LR BESFERIIL S
35120 1.965 mm . 1. 812 mm, A2 — 7.79% ; W EL]
TS FEAR DL S 4350 4 0. 872 mm 0. 983 mm, A1 22
12. 73% 5 AMAIE S FERL S 53512 1. 142 mm,

1. 164 mm, #H25 1. 93% ; SN T 5 AEA L | S29) 43

WA 2. 864 mm 2. 538 mm, fHZE — 11. 38% -

3

&it

AR RI RS B LR B G2 it £ B A [5] ith 2 B s

FEOT LT, A5 2 EEERIE

(1) ZE A ] 280 1 60 km/h 47 38 38 3 BF , (69 il 8

B rp s AR AN B D0 i AR K T Tl AR

(2) fEL I B BE b, N AN BB FE A O

H 3200 1 58 BUPE A Bk 42 300 mm F 5T
Bt

(3) TELRER R AN N2 B L, N B 4G £ 24k vh

Sy A AEBE B A PUVE I Bk 20 10 mm AYSEAT THIAL
T NPUREAE 73 AT 7E SN >4 80 mm (5B
b

(4) 2 g% 5 fth £ B (4 A1 WU FE IC O 7 i, 2 B

A3 A AE Bk P92 42 80 mm MY IR EX |, 2B AR N
300 mm (5N E: bt A B (2 BEAE ; NS HE £ 2 0 A
TERLLAEAE 2 300 mm BYIREL |, 2428 80 mm AR
B BRI

SZ 3 Hk:

[1]

(7]

[9]

IORGR, BERIG | BRI R L R L BN B RE BT T .
IPEEEST, 2019, 45(17) : 114 - 116.

MA Jingwu, DUAN Xiaofeng. Simulation Analysis of Rail Wear
of Straight Section in Freight Dedicated Railway [ J ]. Shanxi
Architecture, 2019, 45(17) : 114 — 116.

KR, EARAE . T T BN A A AT I T e R R T e R A R
SFHIZERITE () ], mdEk R, 2023.14(6) : 39 - 45.
ZHANG Yifei, WANG Baocheng. Study on the Planar Parameters
of Higher-speed Wheel-rail High-speed Railway Based on Dynamic
Analysis [ J ]. High Speed Railway Technology, 2023, 14(6) : 39 — 45.
BRI . TS A e B R S RE IO AR (T ).
ARSI, 2022, 13(6) : 17 - 22.

CHEN Hao. Study on Prediction Method of Rail Wear of High-
speed Railway Based on Dynamic Analysis [ J ]. High Speed Railway
Technology, 2022, 13(6) : 17 - 22.

OLOFSSON U, ANDERSSON S, BJORKLUND S. Simulation of Mild
Wear in Boundary Lubricated Spherical Roller Thrust Bearings [ J |.
Wear, 2000, 241(2) : 180 - 185.

LEWIS R, OLOFSSON U. Mapping Rail Wear Regimes and
Transitions [ J |. Wear, 2004, 257(7/8) : 721 - 729.

WANG Pu, GAO Liang. Numerical Simulation of Wheel Wear
Evolution for Heavy Haul Railway [ J ]. Journal of Central South
University, 2015, 22(1) : 196 - 207.

o SC, Wk —ng, AR, 4 . FE T IE M FEBIAE Hertz Al 1Y &
K I I 2 s X I S RE Y RE R A BT [0 ] MUBE TR 2
2018, 54(4): 22 -29.

YANG Xinwen, YAO Yiming, ZHOU Shunhua, et al. Influence of
Curve Superelevation of Heavy Haul Railway on Rail Wear Based on
Revised Wheel/Rail Non-Hertz Contact [ J . Journal of Mechanical
Engineering, 2018, 54(4) : 22 - 29.

L, T IIR 555 3,55 . BRI/ N EAR I AU HE S sl
TR [ ], ZRiE=IR, 2018, 40(3) : 45 - 50.

HOU Maorui, WANG Weidong, CHANG Chongyi, et al. A Study of
Rail Wear on Sharp Curves in EMU Maintenance Depot [ J ]. Journal
of the China Railway Society, 2018, 40(3) : 45 - 50.

KALKER J J. Three-dimensional Elastic Bodies in Rolling Contact
[ M ]. Dordrecht: Kluwer Academic Publishers, 1990.

[10] ARCHARD J F. Contact and Rubbing of Flat Surfaces [J]. Journal

of Applied Physics, 1953, 24(8) : 981 — 988.

[11] LI Xia, JIN Xuesong, WEN Zefeng, et al. A New Integrated Model

to Predict Wheel Profile Evolution Due to Wear [ J ]. Wear, 2011,
271(1/2) : 227 - 237.



