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Influence Mechanism of Suburban Railway Vehicle Conditions
on Tunnel Vibration Source Strength
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Performance Monitoring Protecting of Rail Transit Infrastructure, East China Jiaotong University, Nanchang 330013)

Abstract: In order to study the influence of vehicle conditions on wheel-rail system vibration in surburban railways, a vertically
coupled dynamic vehicle-track-tunnel model is established, and the influence mechanism of operating speed, train passenger
load, wheelset mass and wheel polygonalization on the vibration response of vehicle, rail and tunnel is analyzed in detail. The
research results show that with the train speed increasing from 100 km/h to 160 km/h, tunnel vibration source strength increases
from 68.05 dB to 72.06 dB. With the increase of train passenger load, the vertical ride comfort index of vehicles gradually
decreases, while the vertical wheel-rail force, rail vertical displacement and acceleration, maximum Z vibration level of the
rail, and tunnel vertical displacement gradually increase, while the tunnel vertical acceleration and maximum Z-vibration level
remain basically unchanged. Passenger load mainly affects the tunnel vibration response below 10 Hz. Above 10 Hz, the response
is governed primarily by wheel-rail irregularities, and the tunnel acceleration level shows no significant differences among
no-load, full-load, and overload conditions. Increasing wheelset mass increases the maximum Z vibration level of the rail and
tunnel. During routine vehicle maintenance, the excitation frequency of wheel polygonalization should be prevented from
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coinciding with the wheel-rail system P2 resonance frequency.

Keywords: suburban railways; vibration source strength; operating speed; train passenger load; wheel polygonalization
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Table 1 Vehicle parameters
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e R 5 LR E/(kgm) 1659
= A ZHRE/(N/m) 5.80x10°
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Figure 1  On-site testing photograph
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Figure 2 Comparison of tunnel acceleration levels
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Figure 3 Influence of operation speed on tunnel vibration
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Table 2 Peak values of wheel-rail dynamic response under
different train passenger load conditions
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Figure 4 Influence of train passenger load
on acceleration level of rail and tunnel
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Table 3 Wheelset mass
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Table 4 Peak values of wheel-rail dynamic response under
different wheelset mass conditions
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1 194 9424 11721  0.03 0.25 70.43

2 194 10248 11759  0.03 0.27 72.06
3194 10751 11854  0.03 0.27 73.61
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Figure 5 Influence of wheel polygonalization order on
wheel-rail vertical force and acceleration level of tunnel
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