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Effect of system parameters on tread-hollow wear of
high-speed train wheels
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(1. State Key Laboratory of Traction Power, Southwest Jiaotong University, Chengdu 610031, Sichuan, China;
2. CRRC Changchun Railway Vehicles Co. , Ltd. , Changchun 130062, Jilin, China)

Abstract: In order to investigate the reasons of tread-hollow wear of high-speed train wheel, a
wear prediction model was set up by coupling a vehicle-track system dynamics model to a wear
model. In the wheel-rail normal contact, the shape of contact patch and the distribution of normal
force were calculated by using Herz's contact theory. In the wheel-rail tangential contact, the
tangential force was calculated by using Kalker’s simplified theory. The wear loss was calculated
by using Achard’s wear model. To revise the wear prediction model, the wheel tread wear shape
of CRH; high-speed train running on Wuhan-Guangzhou Line was simulated, and compared with
the wear shape collected from field test. In order to get the wear law close to field test result, the
uncertainty of wear coefficient was considered, and the initial wear coefficient should be divided

by 10 in wear prediction. Based on the modified theory model, the effects of rail profile, wheel
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profile, vehicle speed, track irregularity, line condition, the structure and suspension parameters

of bogie on the tread wear law of high-speed train wheel were studied. Analysis result indicates

that wheel and rail profiles affect the location, depth, and the width of wheel tread wear, vehicle

speed affects the depth of wheel tread wear, track irregularity affects the depth and width of

wheel tread wear, and line curve radius affects the depth and width of wheel tread wear. Too

high vehicle speed, unreasonable wheel-rail matching relation, and too high track straightness

will cause a centered wheel wear, and lead to tread-hollow wear. The suspension and structure

parameters of bogie have little impact on tread-hollow wear. 1 tab, 17 figs, 23 refs.

Key words: high-speed train; wheel; tread-hollow wear; wear prediction; dynamics model;

wheel-rail contact
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Fig.1 Prediction process of wear
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Fig. 4 Distribution of wear coefficient
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Tab.1 Distribution of typical curves
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0.08

P& FE VR FE/mm

0.04

28 T A6 A2 A5 /mm
Bl 16 B AT I iR 28 ol 25 WL X 7 48 AR O B2 M

Fig. 16  Effect of dynamic stiffness of anti-yaw
damper on wheel wear

0.16

0.12

0.08

B FE VR E/mm

0.04 -

0
-30 -10 10 30
B8 THT A4 A4 A5 /mm

P17l X 7 R Y 5

Fig. 17 Effect of wheel base on wheel wear

M 55 Al BRE 4 JR] B PR B 003 R LT L I O A
A K AT B T LIS AT TR S AR B Ak 1 X
R R B A G B R AT B O T I S L B [ SR A A
2 BRI 2 BO0T 130 8 9 4 2 5 B RE 1 5 W A /DN 5
BT R AR IR R S S
BUEF A AR 5 5| ke 2250 46 P S 6 L S B0 1
PLITRA

(2) Y 5 B T OV J8C VT 4 5 P )i » 0 B R 2
SR EAR R AR A0 R il LA 6 R R B SR AR 4R
PEFRAE . EX PRI OLT A B TR vk S 4
B2 Ml AS P AT BRI PR TR A T A fi



62

\

>‘\

I

I £ ¥ R

2016

P 2 A R, 2 SRR IR 22 R A R

U FE TN 2

PE— L T AR .

S % LW -

References :

1]

(2]

(3]

[4]

[5]

L6]

7]

L9]

[10]

[11]

SAWLEY K, &k #e. 225 B 10 T 1V 55 #E 15 55 K
] #h k3B 7245 . 2000, 37(3) : 44-46.

SAWLEY K. TIE Hai-yan.
tread needing turning[ J]. Foreign Rolling Stock, 2000, 37(3):
44-46. (in Chinese)
SAWLEY K, URBAN C,

el ]

Harmful concave worn wheel

WALKER R. The effect of hollow-
worn wheels on vehicle stability in straight track[J]. Wear,
2005, 258(7/8): 1100-1108.
SAWLEYK, WU Hui-min. The formation of hollow-worn
wheels and their effect on wheel/rail interaction[ J]. Wear,
2005, 258(7/8): 1179-1186.

FROHLING R. EKBERG A, KABO E. The detrimental
of hollow wear-field and numerical
simulations[J]. Wear, 2008, 265(9/10) :

LI Heng-li, LI Fu, HUANG Yun-hua.

effects experiences
1283-1291.
Research on wheel
hollow wear and dynamic performance of freight radial bogies[ J].
Journal of Rail and Rapid Transit, 2016, 230(4): 1-7
MACE S, PENA R, WILSON N, et al. Effects of wheel-rail
contact geometry on wheelset steering forces[J]. Wear,
1996, 191(1/2): 204-209.

J5 UM L 58T L B2 H IR BT TR A i B R A A AR
AT LT, EAMILE FH L2 ,2011(1) ¢ 31-32.
HAGA A, CAI Qian-hua, PENG Hui-min. Trend of wheel
wear and wheel life time estimation[J]. Foreign Locomotive
and Rolling Stock Technology, 2011(1): 31-32. (in Chinese)
P A A AP T RE B B A GRS e S i
SRR ] [E SR E 74,2008, 45 (4) - 39-45.
SAITO K, LI Wei-ping. The wheel wear tread and vehicle
movement features of the new commuter EMUs[J]. Foreign
Rolling Stock, 2008, 45(4) . 39-45.
Tr 7 W Stk 7 0 7 A T S SRR R IR TR ). BB
2011,49(6) :28-32.

(in Chinese)

QIAO Qing-feng. Initial analysis of causes to abnormal wear
of wheel treads of metro vehicles[ J]. Rolling Stock, 2011,
49(6): 28-32. (in Chinese)
*Hiﬁi S T LA I S T T T AR X bk A 4 Bl g 2
M LT, HEPLEE . 2013C1) :17-20.
LI Xiao-long, MA Wei-hua, LUO Shi-hui. Effect of concave
wear on the dynamic performance of metro vehicles[ J]. Diesel
Locomotives, 2013(1); 17-20. (in Chinese)
ﬁﬂﬁﬁ?qﬁkiﬁf»ﬁ B RN R A ks
rsgm )], BRaE 2441, 2013.35(2) 1 14-20.
HUANG Zhao-wei. CUI Da-bin, DU Xing, et al.

Influence

of deviated wear of wheel on performance of high-speed train

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

running on straight tracks[J]. Journal of the China Railway
Society, 2013, 35(2): 14-20. (in Chinese)

oM G R B FL X Rl g A R R [ DL BAR -
574 3558 K 2%, 2010,
HUANG Zhao-wei. Wheel tread wear and its influence on
dynamic performance of vehicles[ D]. Chengdu: Southwest
Jiaotong University, 2010. (in Chinese)

HORIL. o 2 4 AR B R S LD 1L AR - P B 52 T K2
2012.

HUANG Cai-hong. Study on vibration reduction technologies
for high cars[ D].
University, 2012. (in Chinese)

BRAGHIN F, LEWIS R, DWYER-JOYCE R S,

speed Chengdu: Southwest Jiaotong
et al.
profile

1253-

A mathematical model to predict railway wheel
evolution due to wear[ J]. Wear, 2006, 261(11/12):
1264.

SICHANIM S, ENBLOM R, BERG M. Comparison of non-
towards fast and accurate modelling
of wheel-rail contact[J]. Wear, 2014, 314(1/2): 111-117.
KALKER] J. A fast algorithm for the simplified theory of

rolling contact[J]. Vehicle System Dynamics, 1982, 11(1); 1-13.

elliptic contact models

JENDEL T. Prediction of wheel profile wear-comparisons
with field measurements[J]. Wear, 2002, 253(1/2): 89-99.
ENBLOM R, BERG M. Simulation of railway wheel profile
development due to wear-influence of disc braking and contact
environment[ J]. Wear, 2005, 258(7/8): 1055-1063.

DE ARIZON J, VERLINDEN O, DEHOMBREUX P.
Prediction of wheel wear in wurban railway transport:
comparison of existing models[J]. Vehicle System Dynamics,
2007, 45(9) . 849-866.

JENDEL T, BERG M. Prediction of wheel profile wear:
methodology and verification[ J]. Vehicle System Dynamics,
2000, 37(5): 502-513.
TR T R OLE Y T AR
PG R 2C 3 K4, 2012,

DING Jun-jun. Research on wheel wear of heavy haul freight

TR EFEWT T LD AR -

car based on the creep mechanism[ D]. Chengdu: Southwest
(in Chinese)
G B A A R AR T 4 # LT .

Jiaotong University, 2012,
oS RS A

S J52 2 22 4, 2009, 29(6) :551-558.
LUO Ren, ZENG Jing, DAI Huan-yun, et al. Simulation on
wheel wear prediction of high-speed train[J]. Tribology,
2009, 29(6): 551-558. (in Chinese)
B8 AR S R S A LS Rt R A
FE SR [T, 2858 18 4 T3, 2009.9(6) : 47-53.,63.
LUO Ren, ZENG Jing, WU Ping-bo, et al. Influence of
wheel/rail parameters on wheel profile wear of high-speed
train[J]. Journal of Traffic and Transportation Engineering,
2009, 9(6):

47-53, 63. (in Chinese)



