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Research on vibration and contact characteristics of axle-box bearing
of high-speed train under braking condition
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Abstract: The axle-box bearing is a key component of high-speed trains, and the wheel-rail excitation caused by complex braking
conditions leads to extremely complex vibration and contact characteristics of axle-box bearings and it is unclear until now. There-
fore, a rigid-flexible coupled dynamics model of a high-speed train considering braking systems and axle-box bearings is estab-
lished. Moreover, the braking system, axle-box bearing and vehicle system are dynamically coupled via the nonlinear friction of the
braking interface, wheel-rail interactions, nonlinear contact of the axle-box bearing and suspension systems. Further, the field tests
are conducted to verify the effectiveness of the established model. Based on this, the vibrations, bearing internal force, and contact
characteristics of axle-box bearings under different braking conditions are systematically studied. The results indicate that train brak-
ing increases the longitudinal force of the axle-box bearings on the first and second wheel-set, and enhances the longitudinal vibra-
tion. The vertical vibration of the axle-box is slightly influenced by braking. In addition, when the train brakes, the friction between
disc and pad makes the pitch motion for bogie frame, causing changes in the primary suspension force on the first and second wheel-
set, resulting in a decrease in the vertical force of axle-box bearing on the first wheel-set, an increase in the vertical force of the ax-
le-box bearing on the second wheel-set, and ultimately an increase in the maximum rollerraceway and contact stress of the axle-

box bearing on the second wheel-set.
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Fig.1 Schematic diagram of rigid-flexible coupled trailer

dynamics model of high-speed train
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Tab.1 Degrees of freedom of components of vehicle system dynamics model
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Fig.2 Finite element model of braking components
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Fig. 3 Modeling process for flexible braking components

x2 FHHZBEHRBESH
Tab.2 Material property parameters of flexible braking

components
b o PSR W o/
A4 B E/GPa TS L v (kgm?)
il 3h £ 206 0.30 7850
il sh e 169 0.28 7800
[RE 169 0.28 7800

il Bl 2 F =22 [ AR AR T A R A 0L 7 A o 2
bt NI, S T 5 R Bl R A T Sl R A 4
FERL, s 4 s o KA, o R 3 S, 2y
1z, 235310 Ao o) Sl 5 B0 ) A 1) R o 3 S

B R Lk

K4l ShE- b B s B
Fig.4 Schematic diagram of friction between braking disc

and pad
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Tab.3 Main geometric parameters of axle-box bearing
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(a) Schematic diagram of roller-raceway contact
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Fig. 5 High-speed train axle-box bearing
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Fig. 6 The installation position of vibration acceleration

sensors in the field experiment
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(a) Time-domain signal of vibration acceleration of axle-box
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Fig. 7 Time-domain signal of vibration acceleration obtained

by experiment and simulation
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obtained by experiment and simulation
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Fig.9 Longitudinal vibration acceleration of axle-box

& 10 20 Z2 0 5 2% il 3l (F=10 kN) 2 F F , %l
6 2 [ IR 2l R Y B S R T DL L A
W 5 2 S 2 A0 ) 0kl ) S 1 IR S R A v 22
S 15.8 5 15.5 m/s*, i & 25 S 3/ o X R B
F6 10 2 ) P Bl 32 L A7 A N S R i T 4 A
S HS A 55 . 8 10(b) & B, % 185 2 H
BAPETR U T 4 B 64.4 Hz B 0, i R
J2 FH U E AN P 5 B0 .

Bl 11 BT 7R Oy B e A TR il 2 00 4640 F — i 5
A B Xt e A o R AR 0 R BRI
PLE H, — 07 5 A 58 6 Sl 7 9N ) % sl i 3 A
25 Wil 5 ) B0 77 16 14 DRI AS W 1S 0K, HL A B 6 A
O\ i sh B Sk S B 3K R T A s R 4R R A
MUKIB B, AR L 1) 980N HOR BRI
Wl J3 T8, WA R § B 3N, — 00 5 A5 0 Al A
F14) 3 i) B Sh 0 R B bR o 25 22 S I SR W 4R A )
J3 il A 2 1) B Sh S R/ .

fa 120
4 — BEHB) - - - BEEHIEh
~
e
=
T’
5
T
2
271203 4 5 6
B 1] /
(a) I FEHIZE
(a) Time-history curves
3
— FEHB) - - - BHIE)

e.«’.: Sl " 64.4 Hz

g

~

m |

I

100 200 300
$iZR [ Hz
(b) FE
(b) Frequency spectrum

P10 b A T 17 IR 30 ook 2

Fig. 10 Vertical vibration acceleration of axle-box
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