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Fig. 1 Physical prototype and finite element model of the brake disc
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Tab.1 Brake disc material parameters

WETIC PP E/MPa JBIRGRIE o /MPa  JARA R, FEp/(kg/m®) HIMZEC/[1/(kgK)] PUZAKRE /107

SIABA/[W/(K-m)]

25 200 000 840 0.3 7 850 473 1.26 452

100 192 000 815 0.3 7 850 487 1.28 452

200 181 000 765 0.3 7 850 523 1.34 43.8

300 175 000 733 0.3 7 850 565 1.46 41.8

400 164 000 710 0.3 7 850 607 1.46 39.9

500 158 000 618 0.3 7 850 667 1.47 37.6

600 140 000 505 03 7850 754 1.47 36.5

700 125 000 216 03 7850 805 1.47 327
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Fig.2 Mesh independence verification
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Fig.3 Brake disc model with a prefabricated crack
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Fig. 5 Finite-sized flat plate model
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Fig. 6 Comparison of theoretical solutions and numerical solutions

of the stress intensity factor
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Fig. 9 Maximum circumferential stress-time curves
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Fig. 11 Distribution contour plots of the temperature field and circumferential stress field of the brake disc
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Fig. 12 Temperature-time curves of the brake disc under different braking conditions
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Fig. 13 Circumferential stress-time curves of the brake disc under different braking conditions



548 B 103

BRURKSI, 45« AT 3l T 00T Y it 91 4240 S B 9547 20 Hr 49

2.2 MEZRGYTRITH

ANTRV B T8 T B R 7 56 B PR 5~ - B[] il £ 4n 4]
14 Fr7s o 14 RT3 Rl 8l T80T i 2492 0 )
5 I R B A R 30 0 O G R e B R IME , BLAE
A S B B . B A R E T A, N ) 5
PRI B 725 Sy TF A I 320 i 388 O, 7 11 2 5 v 40 21 iR
AR B fe Ko DA b BRG 10d B ] 3l £ 0% 57 24 807 )
Bl By B B Ve 1) W B 1) 32 il 2l 5 R ) R 4 0 7 1 AR

FI R ARAS o — BUm a] i v 205, sz
Ja1 1] 37 A7 T 69 4 2 8 5 T B S 2B Y
SRR B 8 o 7 1 3l B B, SR ST i A i
37 7 58 JBE PR 5 R/NEEAR — B (B A RS X 2 A s
B AN g I B T 2R R PR D 2R
230 i I i T A ) ) 8 258 RE 458 5 T A ) B aod A
32 B[RRI/ BT, (ELIX 207 B Ve A0 S PR AT
TEZE 5 o

o 80
g
§ 60 10
: 40 — ZYiT 5
— HEURN
B 20¢ — RYUEH 0
o

0 _
5 P ’
¥ 20075 10 15 20 25 30 3 =105 1 2 3 4

BT IA] /(107 s)
(a) E2sh

I
g
[+
S 6of 10
o 40} —— 5
HK” —%éﬁzﬁu‘{m
e 20 F — 45 v 0
% — RGUEH

0 -5
Mo .
= 2005 10 15 20 25 30 35 Oy 3 4

i A /(10° s)
(b) ¥ % 3h

& 80r & 5. 55
g — R
£ 60F — RaUEum 10
s — BARH
R 5
K
B 20t 0
%

0 -5
[ ) | S S S S S -10 s '
B 200" 15 20 25 30 35 0 2 4 6 8

BT IA] /(107 s)

() BOEETZ)
14 EHI3) T8 T 3h & i R 7758 FE [ - 18] i 2%

Fig. 14 Stress intensity factor-time curves of the brake disc under different braking conditions
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Analysis of brake disc thermal fatigue behavior of high-speed trains under
different braking conditions

WEI Qiushi' FENG Pei’ HE Jiahuan’® ZHAO Ji¢’ YE Zhang’ LU Chun’
(1. Tianjin Rail Transit Operation Group Co., Ltd., Tianjin 300392, China)
(2. Tianjin Urban Rail Consulting Co., Ltd., Tianjin 300392, China)
(3. School of Mechanical Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: [Objective] To investigate the thermo-mechanical response state and thermal fatigue crack propagation
behavior of train brake disc under different braking conditions. [Methods] The three-dimensional cyclic symmetric brake disc
finite element model and virtual crack closure technique were used to carry out the thermo-mechanical analysis and crack
propagation analysis under emergency braking, common braking and ramp braking conditions. [Results] The temperature and
circumferential stress of the brake disc take the maximum point of the friction surface as the origin, and are diffused in a shell
shape within the disc body. The circumferential stress on the inner side of the brake disc is greater than that on the outer side,
and the deflection degree of the circumferential stress distribution in emergency braking and common braking is greater than
that in ramp braking. Furthermore, the magnitude of circumferential stress is not only related to the amplitude of temperature,
but also significantly affected by the rate of temperature change. During the braking stage, the circumferential compressive
stress of the brake disc first increases and then decreases, and the thermal fatigue crack remains closed under the action of the
compressive stress. During the cooling stage, the circumferential stress of the brake disc changes to the tensile state. The
thermal fatigue crack gradually opens under the action of tensile stress, and the crack propagation rate increases with the
increase of cooling time. Under the emergency braking condition, the crack propagation rate is the largest, and the propagation
rate gap on the crack front is the smallest. Under common braking and ramp braking conditions, the crack mainly extends radi-
ally towards the outer side of the brake disc.
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