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Overview on effect of wheel diameter difference on service
performance for railway vehicles
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Abstract: The research progress of wheel diameter difference (WDD) in railway vehicles was
reviewed from five aspects: vehicle dynamics performance, wheel-rail contact, wheel wear and
rolling contact fatigue, service status of other components, and the WDD identification. The
variation laws of vehicle motion stability, wheel-rail contact status, and tread damage under the
condition of WDD were discussed. The current research status and development trend of the
influence of WDD on the service performance of railway vehicles were summarized. The current

situation and deficiencies of WDD identification in railway vehicles were analyzed. The results
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show that with the increase in the WDD, the critical speed of the vehicle can be reduced.
and the dynamics performance of the vehicle will deteriorate; the shape and stress distribution of
the contact spots for the two wheels on both sides can be changed. The normal contact stress of
the contact spot for the smaller wheel can be increased, and the opposite condition can be
observed on the larger wheel; the tread wear rate can be increased, and the tread rolling contact
fatigue may even be induced. In addition, some other problems, such as the unbalanced load on
the traction motor, motor temperature rise, and phase difference of the bearing areas between the
axle-box bearings on both sides of a wheelset can be induced by the WDD, which will affect the
service status and lifespan of other components. Future studies should be focused on
systematically conducting theoretical and experimental studies about the WDD to ascertain its
formation mechanism. The control measures for WWD from multiple dimensions such as vehicle
service status, maneuver conditions, and external service environment can be proposed. In
response to the development of a maintenance system for railway vehicles shifting from planned
maintenance to condition-based maintenance, research on intelligent detection and recognition of
WWD based on data-driven and hybrid data-model driven methods should be carried out to
provide theoretical guidance for the transformation of vehicle maintenance system, cost
reduction, and efficiency improvement.,

Keywords: railway vehicle; service performance; review; wheel diameter difference; dynamics;
wheel-rail contact; wheel wear; rolling contact fatigue

Publication history: Received 2024-03-11; Received in revised form 2024-07-20; Accepted 2024-09-30
Funding: National Natural Science Foundation of China (52388102); Regional Joint Research

Fund of Natural Science Foundation of Hunan Province of China (2025JJ70070); Major Science

2025

and Technology Project of Sichuan Province (2023ZDZX0008)

*

0 35

BRE G EAT AE K R R FE AR L A R
GG A ARG R R RS R R I TP ke HE AR
. #EA 21 28 DOk, v [ A Bk B L 3k T 2 18
23 | T 2 AR B R B I 32 3 DY R A B A A R L L
T2 S B E R . BE 2024 K
A 58 ANl I 38 A2 T P ASE L  361 4%
IEE RN 12 160 km™ , FREALE 245 ) A4 5L
PR 350 km H sh25 3, 1 38 400 km (1) 0] AR B
1o Bl 7 41 Ok — o — 6 I R R R
HET, hEZE5 &N 8 000 t LA _E i 8 3% 2k i s
FEC M 5 000 km, f 46 K ZZ B 5 W1 8 L L H 075
JEWF AL P AF M is L 2, JLorho] B Bk B 2 0l
TR Bt TFAT 10,02 79, ERIRIEFR
(R 3G K ) B T L2 4 4 5 e ) R 4R 0 AR Al
FHONEIIG I, ST, b E RS AR ) AL 4 e Gk )
30 toFe RAEF| J135 %) 910 kN3 25,30 ¢ 4l 5 5 45 5%
KRS ANt IR R 45 « BIE ST 4, b E B

T

Corresponding author: WANG Kai-yun (1974-), male, research fellow, PhD, kywang@swjtu. edu. cn.

B EA 584 H FRHR AR 600 km = 3 #E 7
S RGAETT B T & RS A T EER T
T 7 LB AR R T RE AL RE

B T A AT R Tl A AN T R Bk
DA S TR A R A2 1 A8 AL T T IR . e XA S R
FH L5905 5 B0 AR B AR ] OGBS R HOIRBOIR S 5
Estr it 2 et B R, TEE A4
SN B B TR T G T X A 4 S R
RENE2Z R, RE RN 2 (Wheel Diameter
Difference, WDD) ., 7£ H i R E1R R b, #0122
FE SCR R R P 448 44 SR B IR A R AR i 25 (8. %8
(G Ty W I R b | Do T A =)
B 6 XTS5 H [ AH S5 B B AR

BRETZAET S MW RE LMz,
T 28 1k 52 ) 4 5 IR A% P B L T 2 AR R R
WEMMZ —, RV BT KE L C80 Al
& X 08 42 50 S AR A 00 TR H 48 X S Bl 240 A,
SRR HARIR AR 0T 42 Fe o e A e R e 25, o
BRABRZE LB 10 mm, BSR4 2 X 2l



% 34

IR LF R E TR E IR R SR R 3

T AR AL BE 1) 52 0 L VR 22 B0F 98 5 IAAS (R 9 £ JEE T
JET RIS SE TR UG T80 5 B R . B XS
BRI 40 A SON A 2l 1 S PR RE AR B Ak L AR R
VB R 55 TR Bl Ak g 55 AR AR A IR BOR 2 e g A 22
PRI IE T 07 w478 8 B AR T AR 22 X Bk
I A2 AR AV RE B4 52 i, LI O B 4 0 R A 1 g
Rt —ES%.

1| REENER N E MR NT R

2008 45, T 8l 450 A BT T EE AR 22 X B IE
WAs AT RS YA 22 A R R R T O T AR AR 22K S
IR 1 R AT 32 750 B 48 H R A 22 AR B X Y
SRR AL B R R AR X B B R, T R R
B R G Is AT AR E T AR s AT AR
P A 52 0 R e AR 2 R 0 R oy AR E XL R AR E X
FINEAS E X3 AN DI, A&l 1 s . R s A5 43
B 1A [R) 6 TR A A8 22 X 20 25 ity 3 e 14 52 o AL
WFFE A PR T H 48 0 58 48 22 R AR A S AR S A2 22, B
HRAZENIE R M S h &l i TR b . X
R PP L RN Y 2R A T N N Tk
FeARZEXHLA 3 1 5 1 RE A 5 e O AT AT 24
B AL (R — B o) 2R A0 AR 22 10 R 1 FRE 5 i) R 50 S
OIBT T ELER R BE SR AT T R AR 22 XL A AR U 1) T Y
SO, BT 2 B 6 v A A e AR 2 1 B ) A ) B
ERVN 27N ACIPIE DN

6 - 200
g > =
E .
4 g
e 4180 £
g 3 #n
Bl sl
&, BS
p= &
5 4160 &
& ! o
® ! B
0 waax|

-1 1 1 ! 1 1 1 1 1 140

0 05 10 15 20 25 30 35

1% Z/mm

1SR R S R
Fig. 1 Effect of WDD on stability of vehicle system
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Table 1 Influence of WDD on vehicle dynamics performance
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Fig. 2 Normal stress distribution of contact spot without WDD (unit: MPa)
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Fig. 3 Normal stress distribution of contact spot with 2 mm WDD (unit: MPa)
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