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Abstract: A brake is one of the most important safety and performance components of a high-speed train and the final

guarantee toensure it soperation safety. A high-speed train brake consists of one or a few brake discs, and each brake
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disc is associated with a number of friction blocks that take various geometric shapes (such as circle and hexagon).
Under relatively low-speed braking conditions, the friction contact interface between a brake disc and friction blocksmay
lead to unstable stick-slip vibration of a brake system. During actual braking, the dynamic characteristics of stick-slip
vibration of abrake system is affected by the structural parameters of the system and the characteristics of the frictional
contact interface. However, the study on the influence of the configuration, shape and orientation of these friction blocks
on stick-slip vibration in a brake system is not adequate. Therefore, in order to discover the effect of the installation
direction of a hexagonal friction block of a high-speed train brake on the stick-slip vibration of the block, tribological
tests under different installation directions are carried out on a self-designed multi-mode high-speed train braking
performance simulation test bench, combined with modal analysis and wear simulation in finite element analysis. The
relationship between the installation direction of the friction block and interface contact behaviour, interface friction and
wear, and stick-slip vibration was established.

The comprehensive test and simulation results showed that the installation direction of the friction block
significantly affected the contact pressure distribution and wear state of the interface, resulting in different stick-slip
vibration phenomena in the system. Among them, the hexagonal friction block system installed at 30° angle produced
the lowest amplitude of stick-slip vibration, the shortest period of stick-slipmotion, the highest frequency of stick-slip
vibration, the disk-block interface contact state was most even, and the surface wear severity was the least. The stick-slip
vibration could induce noise, but the intensity was low. The installation direction of the friction block would affect the
frequency and intensity of the stick-slip vibration, but it did not change the attribute that the stick-slip vibration was a
kind of low-frequency vibration. The finite element simulation frequency was approximately equal to the measured
vibration frequency. Modal analysis showed that the stick-slip vibration was contributed to mostly by the first mode of
the brake structure, and the installation direction would affect the mode of the structure, and led to different interface
contact states and dynamic behaviours. In addition, the wear simulation analysis also showed that the installation
direction of the hexagonal friction block would significantly affect the contact states of the friction interface, so that the
contact area, contact stress distribution and wear level all varied with the direction and thereby affect the stick-slip

vibration characteristics of different friction systems.
Key words: high-speed train brake; friction block; installation direction; stick-slip vibration; noise; experiment; finite
element simulation.
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Fig. 1 The test apparatus: (a) physical drawing and (b) structural schematic
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Fig. 2 (a) Schematic diagram of the shape and dimensions of the brake disc and (b) friction block specimen,
(c) schematic diagram of the installation direction

K2 (2l ShEA () BEEE SRR R i B (o) 235 I i

BT 2 PR B0 R (G B AR Lol R A S kA
AWM AN F LR B 25 R, 78 1E R
563k 2 rpok o B A e K A3 o/min, §I B R TN
300 N. 1056 >% F 4 5 20 77 X, 4 2l RR SR 1 8]
600 s. B 2HE0 = AT SIK, LA AR IR 25 SR A 25
(AR E PEAT A SEPE. Frthl] S A M EE RS A £ =R 5
FRHEAT N — LR, R0 o AR, PRFE S = 13
BE R FEAE22~27 CIo [ A, AH 0 BE 7E 60+12%RH3E
M.

1.3 BRTER

N T B 7 R SR A S, 1 Abaqus
BRI 6 2 B AT Ak AL B R T AT PR, 1%
B 2 8 R e 30 7 T D T . AR v -3
kL. RAFL iz st @307 R UL R0 A4
LIRS0 & IR RF— B0 @A TR B a3 (a)
Fin. B2 ) B RS B EE e, R A
PRSEEAN L RS R, N T ARAIE TS A S AN
HERf L, SR FH 75 TH A4 R R R T (C3D8R)X %N ik
TR R 43, PRSI A “3D stress”, %l 43 P 4%
Je B B B3 (b) . S 28 v 5 A PR A L 2 4 DA

ES ¢ ILE

FRAE 1% BR IO A rh & 3B A LR 2 R L, 8 X
W2 B 8], 718 5 I B (R DR S e
718 2 1) (14 i 35) g T - TR ik, 93X 320 432 f v
SRR BB 77 RN I R v O AT, AT N S
Xof I A B T % S R s A AR, R
J1E . 1 5 Sl e 2 ) 350 388 3o e N A 4 R, R
W58 BEELS e 2 35K F TieiE 4. F il
HEE ZHISI RO B NS S, (UMRE S % 0
SRR B R, AR HARSA B, R SE
PR 7 (R R E N3 r/min. 1E 255 1 R 543 )
T IS Z3h 77 18], DK/ 9300 N EE 7).

2 RWEERKR D
2.1 F’IESOH

X SRR 1 S2L B A 0 A0 AL BRI LS 4L
5 SR AR RS ], DY e B S A B PR R A
KA VAN RAE 0 N U0 1 3 A5 5 3047 20,
B4 s, B4 e A i, 4R 3h 2 4 D 1
AR 5 7R 1N SR S 0 P 2 L e s, TE W B 1 i



RUFRR, S o B 4 11 50 45 R B 20 [ S 2ot VB R 30 ) R 5

Spring steel sheet

Brake disc ~ Fixture

\_ Brake disc

Revolution speed, =3 rpm \

Concentrated force, F=300 N

Friction block )

Fig. 3 3D model of the test rig: (a) FE model and (b) meshing and its boundary conditions
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Table 1 The material parameters and elements of components

Parts Density/(kg/m’) Young's modulus/GPa Poisson's ratio Elements
Brake disc 7 850 210 0.3 13 366
Friction block 5200 6.5 0.29 10 350
Friction block fixture 7 800 200 0.3 2938
Arm of force 7900 190 0.3 4933
Bracket 7900 190 0.3 2164
Spring steel sheet 7 850 198 0.23 500
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Fig. 6 Noise time domain signals of different systems and their FFT analysis: (a) D-0 system,
(b) D-15 system, (c) D-30 system and (d) D-45 system
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Fig. 7 The first natural frequency and corresponding mode shapes of finite element models of different brake systems
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