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Analysis of Vertical Vibration of Metro Train-
Wide Sleeper Damping Track System and
Evaluation of Vibration Damping Effect
ZHANG Shengyan

Abstract Targeting that metro track structure design is inevi-
tably faced with the situation where the active fault zone coinci-
ded with the track vibration reduction and noise reduction sec-
tion, a vertical vibration analysis model of the train-wide sleep-
er damping track system is established to discuss the dynamic
characteristics and vibration damping effect of different damp-
ing tracks. Results show that. the compression damping fasten-
er can replace ordinary fasteners to achieve a damping effect
value of 5.24 dB, which can meet the requirements of mode-
rate vibration reduction and satisfy the driving requirements at
the same time; adhesive damping pads under wide sleepers can
be applied to higher vibration damping areas, suggesting that

the stiffness of damping pads in high vibration damping areas is

k=0.030 N/mm’ ; vibration damping pads at the bottom of the
track bed can be applied to special vibration damping areas. It
is suggested that the stiffness of the damping pad in special vi-
bration damping area can be relaxed to 0.018 N/mm’.
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Fig.1 Schematic diagram of vertical vibration model of

metro vehicle
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Fig.2 Typical cross-sectional view of non-vibration

damped track structure
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Fig.3 Finite element model of train-wide sleeper plate

vibration damping track system
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Tab.1 Material parameters of track structure

# R SR U
SLHEAT / MPa 2.06 x 10°
WA
pE /A 0.30
FHEA i/ MPa 3.65x10*
THALE 0.20
FERLAR KEE/m 2.20
Y/ m 1. 04
JEE/m 0.20
e ] I BE/ (N/m) 30 x 10°
i WIEE/ (N/m) 25 x 10°
e I HIEE/ (N/m) 30 x 10°
2 5] BA.JE./ (Ns/m) 30 x 10°
B FA 2/ (Ns/m) 25 x 10°
JEJE/m 0.35
R AL IE R
WL R/ MPa 55.00
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Tab.2 Comparison of vertical vibration analysis results of

train-wide sleeper plate vibration damping track

system
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Tab.3 Vertical vibration response of train-medium

vibration damping track system
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Fig.5 Time-history curve of vertical acceleration of base
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Tab.4 Vertical vibration response results of train-high

vibration damping track system
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Fig.6 Curve of high vibration damping track bed and

wheel-rail vertical response changing with k
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Fig.7 Frequency division vibration level of base vertical

acceleration of high vibration damping track
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Tab.5 Vibration reduction effect of high vibration

damping track at different k values

k/(N/mm®) AV, ,/dB AVL e/ dB AV pnin/dB
0.018 14.15 29.20 -6.19
0.022 13.59 29.14 -7.83
0.026 13.10 27.38 -7.96
0.030 12.73 25.52 -8.35
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Tab.6 Vertical vibration response of train-special

vibration reduction track system
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Fig.8 Curve of special vibration reduction track bed and

wheel-rail vertical response changing with k
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Fig.9 Frequency division vibration level of base vertical

acceleration of special vibration damping track
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Tab.7 Vibration reduction effects of special vibration

reduction track at different k values

k/(N/mm®) AV, ,/dB AVL max/dB AV} min/dB
0.018 17.01 37.62 -4.94
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0.030 14.85 32.51 -8.16
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