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Fig. 1 Finite element model of wheel and brake shoe

friction pair
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Table 1 Parameters of wheel material

w2 WML EZSE

Table 2 Parameters of brake shoe material

EZEL SR
WRE/(kg'm™) 2 120
SHEH/(WA(m-C)™) 0.90
/() (kg O) ) 478
Pk R H/(10°°CT 0.93
Jeti A3 /M Pa 580
LR R /GPa 1.0

K3 WIS T EES

Table 3 Load parameters of various vehicle conditions kg

i , P i
e SR R oik IR SRR
B ) (Wm0 @tk O Y BRI B
C (10°C") MPa GPa
20 7847 52 470 10.90 610 205
100 7827 50 480 11.45 550 170
200 7797 48 500 12.25 500 165
300 7770 45 520 12.85 450 145

400 7730 42 540 13.45 420 70

LR AWI THT  AW2THT  AW3 TR
Tel 40938 56 898 62 138
Mpl 42 601 58 561 63 801
Ml 41719 57 679 62919
M2 41719 57 679 62919
Mp2 42 548 58 508 63 748
Tc2 40938 56 898 62 138
45 250 463 346 223 377 663

1.3 BRAMELERSH

N T AET R - PULAR b EE R R T, R OR R EE R
T BRI, ZEMEC b b R 3L EATALIR
MU, PO RECLRGE R I, I PO (R
A ) TR (EL P 7R AR J2 4 8 1T LA % ] B2 1T A TLEE
[RIF A ] BL AR 28 m RSO SARAS, 5 HER
JEAH5 FA LR AR A B A T X EE o 3 B A7 03K
WA AN 2 R

K2 M e OR K
Fig. 2 Installation diagram of testing equipment
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Fig.3 Comparison of temperature curves from testing and

simulations of brake shoes in three rounds of emergency braking
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Table 4 Comparison between simulation results and testing data
of friction surface temperature of brake shoe

W TR S TEIERESC RBIRESC AHXHREZE%
1 217.40 224.32 3.1
3RS
B 2 245.78 248.85 12
B2 sh
3 270.70 276.35 2.0
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Fig. 4 Variation curve of brake shoe material hardness with
temperature
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Fig. 5 Flow chart for wear simulation analysis of wheel and

brake shoe friction pair
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Fig. 6 Time-varying contour plots of brake shoe wear
distribution under emergency braking condition without
considering temperature changes
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Fig. 7 Time-varying contour plots of brake shoe wear
distribution under emergency braking condition considering
temperature changes
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Fig. 8 Axis node of brake shoe surface
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Fig. 9 Influence of temperature on the axial wear
distribution of brake shoes
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Fig. 10 Contour plot of brake shoe wear on trailer air braking
force with hysteresis supplement
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Fig. 11  Axial wear distribution of brake shoes on trailer
air braking force hysteresis supplement
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Fig. 12 Contour plot of brake shoe wear on trailer air
braking force with priority supplement
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Fig. 13 Axial wear distribution of brake shoes on trailer
air braking force with priority supplement
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Fig. 14 Contour plot of brake shoe wear under the average

distribution of air braking force
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Fig. 15 Axial wear distribution of brake shoes under the
average distribution of air braking force
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Fig. 16 Measurements of brake shoe wear before and

after operation
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Table 5 Measurements of brake shoe wear mm
ZHOH SUE 0 PUsy ik T EH AR
TSR 51.83 50.00 49.41
1T R 51.79 49.75 48.45
b 0.04 0.25 0.96
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BF, [ RS AN 4.77 x 1074 mm, ] B0 % 4 3
A 0.12 mm/10° kmo BEAS R ZEE 00T (9 S S R
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different loads
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Simulation analysis and verification of brake shoe wear for urban rail vehicles
XUE Wensheng, ZHU Wenliang, YU Chaogang, SUN Ningyuan
( School of Urban Railway Transit, Shanghai University of Engineering Science, Shanghai 201600, China )

Abstract: Frequent braking applications for speed regulation of urban rail vehicles cause repeated friction at elevated temperatures
between the wheels and brake shoes, which accelerates brake shoe wear. This paper presents a study of wear patterns for brake shoes sub-
jected to braking-induced temperature rise. For this purpose, a finite element model of the wheel and brake shoe friction pair and a simu-
lation model to predicate brake shoe wear based on temperature changes were established. Additionally, the finite element software
ABAQUS was used to implement the Archard model for calculating brake shoe wear in relation to temperature changes. Subsequent anal-
ysis investigated the wear patterns of brake shoes under three specific conditions: single emergency braking, single maximum electro-
pneumatic service braking, and continuous braking. Finally, the rationality and correctness of the proposed simulation method were veri-
fied by comparing the results of brake shoe wear simulations with data from vehicle testing conducted on the real-world track. The re-
sults indicate that temperature changes cause variations in the properties of brake shoe materials. Under the single emergency braking
condition, the prediction model considering temperature changes resulted in an increase in brake shoe wear of 43.8% compared to the
prediction model without taking these changes into account. Under the single maximum electro-pneumatic service braking condition, the
highest brake shoe wear was identified on trailers air braking force with priority supplement, which was recorded at 14.6x10® mm. Un-
der the continuous braking condition, the predicted average wear rate of brake shoes was 0.28 mm/10* km, which closely aligned with
the wear rate of 0.27 mm/10* km measured on the test vehicle. The established prediction model for brake shoes offers a reference for fur-
ther studying the wear patterns of brake shoes for urban rail vehicles.

Keywords: urban rail vehicles; brake shoe; braking-induced temperature rise; wear prediction; simulation mode; finite element
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