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Abstract [ Objective] Small numbered turnouts are widely
used in urban rail transit, especially in metro depots, but their
large switch angles pose a derailment risk when vehicles pass
through them. It is necessary to investigate the reasons for ve-
hicle derailment at the turnout frog positions in metro depot.
[ Method] A step-by-step approach is taken to establish wheel-
set model, bogie frame sub-model, and single compartment
model, which are then articulated to link all compartments into

a whole-vehicle model. A straight section is set up in front of

the turnout to eliminate the impact of vehicle startup. The cor-
responding track sections of the entire turnout area are obtained
through linear interpolation and are imported into the software
for calculation. Wheelset lateral displacement, derailment coef-
ficient, wheel load reduction rate are selected as evaluation in-
dicators to analyze the influence law of factors such as vehicle
speed, wheel tread type and rail vertical stiffness on train de-
railment risks. [ Result & Conclusion] The simulation analy-
sis yields the following conclusions: When the vehicle speed is
too high, the wheel load reduction rate significantly exceeds the
standard, hence it is recommended to control the vehicle speed
within 5 km/h while passing through the turnout. When using
LMX-type wheel tread, vehicles pass relatively smoothly
through the dangerous areas of the frog zone, which helps to
reduce train derailment risks. Vehicles are more prone to de-
railment when passing through turnouts with a vertical rail stiff-
ness of 200 MN/m.
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Tab.1 Vehicle physical and mechanical parameters

e HfE
TR TR kg 17 529
Y st/ (kg - m?) 21 312
AR ) AR/ (kg - m?) 399 416
TR i B/ (kg - m?) 402 890
X i/ kg 1111
Fext YA B/ (kg - m?) 550
X st/ (kg - m? 90
X fi s B/ (kg - m?) 550
1) BRI/ kg 2 876
Fe R\ B/ (kg - m?) 1 495
e s SRR/ (kg - m?) 1259
iR i E R/ (kg - m?) 2281
— R EHEN B/ (N/m) 2.73 x 10°
— Z A RN/ (N/m) 2.73 x10°
— FR B RN/ (N/m) 6.15 x 10°
CRYNAEFERE/ (N/m) 1.625 x 10°
ZRBE RN R/ (N/m) 1.625 x10°
Z R NI/ (N/m) 4x10°
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Fig.2 Drawing of No.5 turnout design
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Tab.2 Simulation working condition types
F5 FEE/(km/h)  EREEERL PR NI (MN/m)

1 3 LM 200
2 5 LM 200
3 10 LM 200
4 10 LMX 200
5 10 LM 150
6 10 LM 250
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Fig.3 Dynamics indicators for train passing through turnout at

different speeds
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Fig.4 Dynamics indicators for train passing through turnout

with different wheel tread types

HIPE 4 W] LU BRIBUE R EON , AN TR 22 8 B i
BIAOB 4245 T 8l 1 245 AR 2 AR /1 A He LMX
BUBSTAL, 48R HT LM Y BT I 3o 20 A9 AR I 0 2%
HOER,

. 80 .



O mhsNiEsziE =

URBAN MASS TRANSIT

2.4 WAL m R A o R XU B B 2 i

SRIFFEAN TR 80 A0 5 1] I 8 X 37) 4 it 2 XL )
SN T T AL 1 0 HOAS [ KRB N 81 3 o
5 SR 3 DN RIS RLIE O, WAL S B,

0.04- —— 150 MN/m X
rrrrrrr 200 MN/m TR
ﬁ 0.03 250 MN/m
0.02 &
2 R
E 0.01 b
=
& 0
_001 1 1 1 J
0 5 10 15 20 25
HiE/m
a) R
—— 150 MN/m X
T — 200 MN/m HE [
250 MN/m g
# 05
4
&
= 0
—05 | 1 )
0 5 10 15 20 25
HfE/m
b) Wi F# %
—— 150 MN/m
% 250 MN/m
Ered
=
L]
&
0 5 10 15 20 25
B /m

) ReEmER
BSOS [RISALE ] MIEE R 51 45 2 69 3 g i b
Fig.5 Dynamics indicators for train passing through turnout

with different rail vertical stiffness
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