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Abstract
120 km/h and above, wheel wear develops quite rapidly, and

[Objective] On fast metro lines with speeds of

intense wheel-rail interactions occur when trains pass through
turnouts, necessitating an investigation into the influence laws
of wheel wear depth on the dynamic performance of trains
passing through turnout. [Method] Taking a fast metro line in
Chengdu (with a maximum operating speed of 140 km/h) as
the case study, and focusing on the damage characteristics of
the 12# alloy steel combination turnout on the line, wheel pro-
file measurements are conducted on six trains with different op-
erating mileages (corresponding to different wheel wears).
Based on measured wheel and turnout data, a vehicle-turnout
coupled dynamics model is established using SIMPACK. The
wheel-rail relationship and the dynamic response during the
train reverse crossing turnout under different wear depths are
analyzed, revealing the influence laws of wheel wear depth on
the dynamics performance during crossing turnout. [Result &
Conclusion] As the train operating mileage increases, wheel
tread wear gradually deepens, showing a positive correlation
between wear depth and mileage, and the wheel wear is primar-
ily located within +30 mm of the nominal rolling circle. With
the increased wheel wear depth, the equivalent conicity of
wheel tread also rises, worsening the wheel-rail relationship and
intensifying wheel-rail impact during crossing turnout, greatly
affecting the running safety of the train. At an operating
mileage of 217 000 train-km, the wheel wear depth is approxi-
mately 2.22 mm compared to the new wheel condition. Dyna-
mics indicators such as lateral and vertical wheel-rail force,

derailment coefficient, wheel lift-off, and bogie frame lateral
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acceleration show relatively significant increases, all exhibiting
a positive correlation with the wheel wear depth. To ensure the
safety of metro trains crossing turnout and reduce wheel-rail in-
teraction forces, it is recommended to perform wheel reprofil-
ing when the wear depth reaches 2 mm or after approximately
200 000 train-km of operation.

Key words fast metro; vehicle; wheel wear depth; wheel-

rail dynamics
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Fig. 2  On-site photo of wheel profile measurement

U IR MR S O UL, DR 0230 S A
PRIGA, IA58 417 02 x J5 1), BB RS )y y T,
a2 J7 1] K LGRS 1000 mm(x=—1 000
mm) . 05 2 000 mm(x=2 000 mm) 1 Sy I 5t 315
L, A FH RO G Al SO B R i AT B R AR, X
BT R AT AR BT, A5 3 OC B A Ay AT 2 2R
B SRR R 0 e 7 P B S ) S B v B 4 3
Fi7R
13 ERERSN

HEATICHY 6 15 4z fT BAE N 6.3 J751 km
2 21.7 715 km A5, Bl 4 dieis AT B h
INBIR i 44, BI: #3247 AR R 6.3 J7%1) km

a5 A F M

(5 4t 45 BN A, 3217 BN 10.5 J751) km (1)
Y ZEfw 44 M E B, iz 7 AN 13.5 J7%1 km 151
FAn NN E C, BT AN 15.5 J751 km A5 7
4 HH 4 D, izt AR R 17.6 J751 km M5 44
2 NIV E, w47 AN 21.7 T35 km 895 Z-fy 44
FIVE Fo K 4 g5 T 251 % 2258 BB FE 1 I
AR

1) Kl 4a)@R Tt BN 21.7 775 km 1Y
| ZE 2250 1 S AR R B o A 1 DL, RS S AR S
AR LR B F+30 mm Ak,

2) FEl 4b) BT &R 4 0 58 B RS FE
WY, O B s AT AR AN, oA 60
FEFEZ W IR, ZEFCEEFRE 5 AR Mia 1T AR 52 IEAH
Keath, M4 T BRERNE] 21.7 75 km B,
JERERE N T 2.22 mm. @ B 450217 B AR A1
T, G P RE R R, LS R 43 AR U L AR
K, B 18 25 R Rl =2 20 38 K, [R) AP B o s T
1 1 [ Bk Sh AR A A AR AR AR 25

3) [ 4 o) Fy a5 A1) 4 1 e K S E 2 S U T
A SCH SR FHIX 6 R S FE 42 5 9 AL TE 5 AR E LMA
it (TCESFEG40) BRI AT T 3l 1 2A 3

2 EW-ERBESINERE
RARGE A e B FE TR B X 47 3l i L B0 )

WEAIARLE | 000 mm XK WEZ LGB
]

LR

2 000 mm

1k S S e el B

i
ﬁ N
=

[} —_
%:}
&

4 ;/

B

ﬁ

&

I i

sl

Sl

—60E_u " i
-100 -50 0 50 100

—60] "
=200 -100 0

100 200 -200  -100 0 100 200 -300 -200 100 O 100 200

x=—1 000 mm x=0 mm x=300 mm x=500 mm x=1 000 mm x=2 000 mm
a) FOE T R R
70
g I | | | b i = i
% 60 I | \il I | [ | ‘ | ‘[\ i LA 0
. |
—1000 =500 0 500 1 000 1500 2000
X/mm
b LR =
3 ROURR TR e 2 P K S AR 2 s 2
Fig.3  Schematic of turnout profile measurement and the measured turnout rail height

+ 119 -



O ImisZiE

m

30 13

20

10

x/mm

h/mm

-10 : : : -1
~60 =30 0 30 60

y/mm

a) I F WIS R0 AT

25¢
2,22
E 20
® 171 1.75
fé sk 1.49
wob _ 1.36
% 1.19 1.25 127
B ol io‘” o0a Y116
056 O 0 083 (73
0.5
EH:A EIEEB EIEEC WED EIEEE EIZE
52
b) B F 2 (0 450 K B FEIR FE
07 — bl LMA 446
————— I A R
20y N HI7E B 74
B2 C 44
g % D MR
£ B4 E 44

----- SIE F (74

-10

y/mm
o) & IMIRF R 1 e K B AE AL T
T1: LMA— 5 #E 20 % 1
B 4 FMERH) LB LR EE RS
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Tab.1 Main technical parameters of the vehicle
dynamics model
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Fig. 7 Wheel-rail contact points distribution and contact

status at key positions when the train crossing turnout
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under different wheel wear depths
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