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ABSTRACT: In order to study the relationship between the geometric eccentricity of high-speed railway wheels and high-order
polygonal wear of eccentric wheel treads, the axle box three-direction vibration acceleration during the uniform speed operation
of the train was tested to analyze the power spectral density (PSD). According to the PSD analysis results, it could be seen that
there was a significant vibration frequency of 598 Hz. The radius of the wheel was approximately 0.43 m, and the train ran at a
uniform speed of about 237 km/h, so it could be calculated that the vibration frequency of 598 Hz corresponded to the passing
frequency of wheel 24-25 order polygonal wear. Then, a finite element model of wheelset-rails system was established based on
field tests and vehicle-track multi-body dynamic simulation, and the fluctuation of wheel-rail forces under different wheel
geometric eccentricity conditions was calculated via transient dynamic simulation. The simulation results showed that the
wheel-rail longitudinal creep force fluctuated periodically with the wheel rolling angle, which could cause changes in the
wheel-rail friction work and the wear rate at the same frequency, resulting in wheel eccentric wear. As the wheel geometric
eccentric value increased from 0.5 to 0.8 mm, the wheel-rail longitudinal creep force gradually increased to the saturated state.
Moreover, the stability of the wheelset-rails system under the excitation of the wheel-rail saturation longitudinal creep force was
analyzed by the complex eigenvalue method, and the wheel-rail unstable vibration that caused wheel high-order polygonal wear
was predicted. In the frequency range of 0-1 200 Hz, four unstable frictional self-excited vibrations were excited by the
wheel-rail saturated longitudinal creep force. Among them, the unstable vibration of 614 Hz had the smallest effective damping
ratio and the strongest occurrence trend, and the relative error between the frequency of this vibration and the main frequency of
the axle box in the field test was about 2.68%, which indicated that this unstable vibration could cause wheel high-order
polygonal wear. In addition, the influence of train speed and operating environment was studied. The research results showed
that when the high-speed train ran at 237 km/h and the wheel-rail friction coefficient was 0.23, the wheel geometric eccentric
value of 0.7 mm and above could lead to the wheel-rail maximum longitudinal creep force reaching saturation state, causing the
wheel-rail unstable vibration of 614 Hz, and resulting in the formation of wheel 24-25 order polygonal wear. When the train
speed increased from 200 km/h to 300 and 400 km/h, the wheel geometric eccentric critical value causing saturation of the
longitudinal creep force decreased from 0.8 mm to about 0.67 and 0.56 mm, respectively, which caused the wheel-rail
longitudinal creep force to reach saturation more easily, resulting in the aggravation of wheel high-order polygonal wear. When
the wheel-rail friction coefficient was 0.21 and above, the occurrence trend of wheel-rail unstable vibration of 614 Hz excited by
saturated longitudinal creep force increased with the increase of the wheel-rail friction coefficient, resulting in increased
high-order polygonal wear of wheel treads. However, when the friction coefficient was reduced to 0.2 and below, this vibration
tended to stabilize.

KEY WORDS: wheel high-order polygonal wear; finite element simulation; frictional self-excited vibration; high-speed train;

eccentric wheel; wheel-rail saturated creep force

223 TE B KR S 1o R A 2 A e UL I B T S 2
—,Wﬁﬁm&mﬂﬁﬁzLﬁMMmoéﬂimL
BATHY, A2 B BERE T 5 i ZUHR sh A =, A
ﬁMﬁi%ﬁﬁ%%%%%%#m%ﬁ,ﬁi%m
G4 ()3 7 2 Ve R TR AR FFE MU ks F 1)
SR T 16 4 50 B T %) Tk 0 v A R A e 200
TEVEREVEATIN G, (B4R 1E )5 1Y 42 48 12 78 A s a] N 454
M ZNIE BRI .

RZWIEEFENEFHRN 1.

15 1 B fi L o

SEVERSREMA T, U R B A s B A

G A A 2 TR ) 13 B 22 20T B R AL BRATT 5 - 133 -

300 km A LAY A R R AR R ARSI, R
17~19 B, Cai %
Yot HE 3 2 Bl A A 2 B AT T R, A PR
TE 50 7 B 2 108 B FE B 2 N B il 8 v 23 347
ME TR (9T ) 2R
FE, ZAem B 2300 B FE RN B v AR 2y ( B R
W2 530~650 Hz ) X 48 A IE &5 9% 55 T

R E m S EiZ B, FRZhIE RN L
PiCo A EBIARB S FEBI S . H 2014 455, K kel
B Eas BRI E AR I T m i 2R P 4
Zhai ZEUSE B R A R B, TR v 5 4 4 A K
[5R] JE A 45 50 S E R B R BA 1 BP0 AT 18~23 B i B
ZhIEEERE . Wu VI s 4T o 250 km/h 1)
o A A S T A T TR I, R B4R 1.
14, 23 Y2 B EEAE i ™ E ., Wu SEPTER BRI T

AT AR IR L i phe g S A AR v B 2 8 B
PRI, [ A AR 22 R B AT ST LA T B T R 5T
TAE. BHFE R, G52 I R SEA B 32 240 45 5
REE N ARG HLEE Gl H DUEFE ), HIB
IR T 5 R 2l NS AE AL I 2 15008 AR AR O 78
1 G as ATt AR, RN S i S VR
T A B0E R G R I E R A R B, SRR
FESE DN FRIPE D 2l , 51 AR e B T AN S B AR . X sk



- 134 - EN TR s 2 N

2025 4F 1 H

AN ) PERE A A e i T [ o7 R A AN B R A, 3L
LR rSE Sl AT A R e Sub Atk Uil DK
Bz a0 4R sh b AR R i 05 O & i 2 B 9 A
J& o O T WhE S AR e B 22 TR B RETE AT 5 14 4 -
PUBE R EAIRS), TN R T HREENLH, K
I 4258 v B 2 T BE AR BRI IR 5 A -0 AR 5
I A7 9% Sl A X RS R IT REBIE ST, R B AE W B 22
PITE BEFE 8 A R G S MBS AR 52 AR
FRE TR RS IR D  RR G A
PR IGR . BeAh, EENLERIE T F 2LV
JR 5 Gl ) 57 22 T ) A 67 5% 2R 08 22 i R e I 5
Wi, FEELEF T AR 2P R R IR/ U K K&
B RS AR Z R AR P2 AR T SR
17, FRTX T 458 005 22 48 v B 2 R AR P B
Pk — SR BB (4 BN ik 2 BE T

PR g S e 8 A AR IR S I B S,
B 7 e LR 22 0 I8 AR TR A IR S AR AIE o BIF 5T T 4
Fe LT i 5 By Z IR IEREZ RIS R , I 1
XF B A aa A i JEE iz 5 R Y R

1 ZWL R EEZE

1.1 SEEMAEE RSN 5

GRS R, AErh BB N2 8 A A
SO M e A FEAAAE 1 B O A 16~28 B 2301
T B RERA A A8 A A e AR A B A B4
BRI 2 96% K G AFAE LA P, PRI 5 3 1)
B e AR AE R O L

FIHEE IRAG B | T oA B ookt B A SRkt S
BE R A, X HR R B b — 4 5 = B R 250 km/h
B v A G A0 S A T I () SR S R R AT T e Sk, IR
W TIZINE 4 % 2 A AR = PR, il
W5/ 1B Uy o= N1 ST IR 0 7 420 d 2w B S v/l v [E1 N A £
SE A v 2500 237 km/ho BEAE, SIAE DA 1) 0 R
SR RIZY, AT RESE A R T o X% A AE
IRYRSNE BEHE T T YRS (PSD) 40, 4553
i 2 s m 2 AEAEL, AR TR = iR sl B A
B fY500 20, 298, 598, 622, 648, 1194 Hz 43
AEAE IR I B HR Sh IR . 1 T A R TR B R 242 R 2
H50.43 m, HERZHIEHE n BHE L (1) M,

. 7.2nRf 1)

ATHL, 20, 598 Hz AR (A HR Sl 2% 2 31l X 1o 2
1. 24~25 MM EREAEA SR, X5 e
Hh R 2NV R E RS T4 R — 3
1.2 BEIERMN-NHREHEEER

VARl

TG R AR LA DL 15 R B 22 300 B R

250
100 Longitudinal —— Speed

Lateral Vertical

peed/(km-h™)

Axle box vibration acceleration/(m's™2)

—-80}
-100 1 1 1 1 1 100
360 365 370 375 380 385 390

Time/s

P15 420z 4 o B 0 A 1A IR 3 fin ke J32
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Fig.2 PSD analysis of axle box vibration acceleration

ZIEMXE R, 7E Abaqus TEET X - R G A FRIT
AL, K 3 FoR. NELZEALS CHN60, K22
36 m, MKGZEAIK C3DSI, 7EWRRTsShASTH A, %)
IR, AR S Sy R3D4, G40 TR 2E %1 LMA,
LRI BE RN 0.23, o0 T RIIE 5 45 5 1
PE, XA Al DX R 0 Sk EA T AR Al Ak, AR Y v 2
7239 384 AN DRAE o AN IR [ E 205, SR A
SN BEJE ST FL B B A SR RE FBELE ,
3 [15] RS [ W B 4910 50, 28 MIN/my, 142 [i] IS
] BELJE 435124 30,20 kKN-s/mo 76X i in 237 km/h
) SF- A% 3 B G I, 0 7 3, AR X FE AN B B4 BaE AT
MEKEZA R 10m, BT8R 20 0.152 s, fEFEHT,
0 SRR A % A L I 3] 237 km/h, T8 8T AT KA
AR DU AR R A R, X 2 B R A AL
w, FEOTREE K. BB PRtk sy
B B A PR A WU A X LA R A R
M, 1B SR IX, AP AR R 2 5y,
B TAE , AT AR dh e % (5 45 SR i 52
Wi, PR OHORE A8 X HE B s AT XA AT 2 m BN B
FASBIX . Ay 8 m A A7 X SN S8 XHFE BB iR 5 3
Bl RS, E— o iz X 07 L5 . 7E4e
X - R BRI K B X T A R e LA s



54k FH1W

JREER, A R A A i A I T A v B 22 30 08 B FE L BT 5T - 135 -

Direction of eccentricity
Rotation center

¥~ Springs and dampers

K3 BRI R G IROT A

Fig.3 Finite element modeling of wheelset-rails system
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