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Research on Metro Vehicle-Track Coupling
Vibration Characteristics of Different Track
Types

JIA Xiaoping, HU Dingxiang, LI Dadi, LI Jiadong,
YANG Chen, ZHU Cheng

Abstract Track types and proportion of certain metro line
are counted, and vehicle-track vibration tests of different track
types are carried out. Dynamic response of wheel-rail system is
analyzed. Wheel-rail coupling vibration characteristics of typi-
cal track types including common track bed + ZX-2 fastener,
common track bed + shear fastener, common track bed +
compression fastener are studied in-depth, as well as influence
of polygonal wheel on wheel-rail vibration characteristics. Re-
sults show that different fastener stiffness has evident influence
on wheel-rail vibration characteristics. Among them, P2 force
resonance occurs between wheel and rail when the common
track bed + ZX-2 fastener is adopted, and the main frequency
of vibration is 58 Hz, with vibration energy amplifying. When
the common track bed + shear fastener or + compression fasten-
er is adopted, wheel-rail resonance does not occur, and the vi-

bration energy distribution is balanced. Polygonal wheel fre-
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quency doubling frequency resonates with the wheel-rail system
natural frequency, and the vibration energy increases signifi-
cantly.

Key words metro vehicle; track type; vibration characteris-
tics; P2 force resonance; wheel polygon; rail corrugation
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Fig.1 Vibration-damping track types and proportion of

certain metro line
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Fig.2 Acceleration and displacement tests of bogie and rail
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Fig.3 Diagram of track dynamic response system
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Fig.4 Comparison of wheel roundness test results before and

after reprofile
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Fig.5 Rail acceleration response curve with common track
bed + ZX-2 fastener
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Fig.6 Time-frequency of axle box vertical acceleration with

common track bed + ZX-2 fastener
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Fig.7 Rail acceleration response with common track bed +

shear fastener
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Fig. 8 Time-frequency of axle box vertical acceleration with

common track bed + shear fastener
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Fig. 9  Time-frequency of rail vertical acceleration with

common track bed + compression fastener
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Fig. 10 Time-frequency of axle box vertical acceleration with

common track bed + compression fastener
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Fig. 11  Beat signal of rail vertical acceleration between two

wheel bases
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