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Abstract

This paper establishes a finite element model of the subway precast slab ballastless track structure
and a multibody dynamics model of the subway train. These two models are combined into a
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vehicle-track coupling model, which is used for simulation and calculation. Based on the simulation
results, the ride comfort of subway trains during operation is evaluated for reliability. The results
show that, compared to the normal distribution, the vertical vibration acceleration extremes of the
subway train are more consistent with the extreme value distribution. Below a speed of 120 km/h,
the change in ride comfort with respect to the train’s speed is not significant. Under the current service
conditions, the reliability indices of the subway operation meet the regulatory requirements and ex-
hibit high safety and stability. However, when the operating speed exceeds 120 km/h, the subway
ride comfort shows a higher probability of exceeding the limit, and the vertical vibration accelera-
tion of the subway train has a greater likelihood of exceeding the threshold, which may affect the
passenger experience.
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Figure 1. Rail section diagram and track structure model diagram
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Figure 2. Topology diagram of the dynamics of subway rail vehicles
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Figure 3. Wheelset, bogie and vehicle body model
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Figure 4. Vehicle-rail coupling model
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Table 1. Correction parameters

F= 1 BERHK

f=05~5.9 Hz F(f)=0.325f"
f=5.9~20.0 Hz F(f)=400/f
f>20.0 Hz F(f)=1
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Table 2. AAR parameters of U.S. orbital spectrum
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Figure 5. Uneven track height
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Figure 6. Uneven track level
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Figure 7. Fitting of peak distributions for vertical acceleration of vehicle body at different velocities

7. NERETEFERMEZIEES BIUE

DOI: 10.12677/hjce.2025.145126 1184

AT


https://doi.org/10.12677/hjce.2025.145126

%

I
=

Pax
&

AR EE IS T SE LR AR AIE L, @I Sperling FRPRTAE 1 4 10 i sk FEVEAE PR 0.83 m/s?, T
TR AL 7 T AR BROR S BR A -
Z =0.83= S gz =0 (13)
RAEA 12 %450 13 BEAT I, Prit S s a2 3 s

Table 3. Exceedance probabilities at different train operating speeds
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