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Dynamic Analysis of Railway Vehicle Using Mathematical Modeling of

High-Speed EMU
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Lee, Rae-Min Lee, Pil-Ho Lee, Sang-Won Koo, Ja-Choon Choi, Yeon-Sun
ABSTRACT

This paper addresses the numerical study on the dynamics of the High-speed EMU to enhance the ride
quality. The 17 and 34 degrees-of-freedom (DOF) dynamic models for a single railway vehicle are proposed,
and its vibrational characteristics according to the nonuniform rail profile are anadyzed via Matlab. The
validity of the proposed 34-DOF model are verified by comparing its dynamic characteristics and those from
ADAMS/Rail. In addition, the criticl dynamic parameters are identified by the parametric analysis, and
rough design variables to reduce the vibration level of the railway vehicle are proposed. Finaly, the
frequency analysis - FFT - are conducted to extract the resonant frequencies, which have a significant
influence on the determination of the critica speed of the railway vehicle. It is demonstrated that the results
from the Matlab-based numerical analysis of the 34-DOF dynamic model are similar to those from
ADAMS/Rail.
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Index Terms Symbol Units Vaue
Weight of the Car body M, kg 53319.2
Moment of Inertia(Roll) I, kg « m 58660
Car body —
Moment of Inertia(Fitch) 1, kg » m 1160450
Moment of Inertia('Y aw) I, kg » m 1143300
Weight of the Bogie M, kg 2447.9
Bogie Moment of Inertia(Rall) I, kg« m 1309
Moment of Inertia(Pitch) I, kg« m 2128
Moment of Inertia('Y aw) I, kg« m 3227
Weight of the Whedl-set M, kg 2184
Whed-Set | Moment of Inertia(Rall) I, kg« m 1285.5
Moment of Inertia(’Y aw) 1, kg « m° 1285.5
Vertica Stiffness K, N/m 40379300
Vertica Stiffness K, N/m 8020300
Primary Vertica Stiffness K, N/m 1123000
Suspendon | Vertica Damper C, Ns/m 0
Verticd Damper Gy Ns/m 0
Verticd Damper C,. Ns/m 10200
Vertica Stiffness K, N/m 151600
Vertica Stiffness K, N/m 151600
Secondary | Vertical Stiffness K, N/m 616000
Sugpendgon | Verticad Damper Gy, Ns/m 0
Vertical Damper Cy, Ns/m 92700
Verticad Damper Cy. Ns/m 19400
Center Yawing spring K, N/m 165000
Pivot Latera Damper Cay Ns/m 92700
Half of Between 2nd Suspension Center(front) L., m 1.125
Haf of Between 2nd Suspension Center(side) L, m 6.9
Haf of Between 1st Spring(front) L, m 0.7175
) ) Haf of Between 1t Spring(side) Ly, m 1.05
Dimension -
Haf of Whed-Set Distance L, m 0.75
Half of Car-body height H, m 1.5
Whed Radius H, m 0.46
Half of Bogie height H, m 0.1
Lateral Track Stiffness K, N/m 8000000
Whed-rail | Verticd Track Stiffness K,, N/m 59000000
Contact Lateral Track Damper Gy, N/m 65000
Vertica Track Damper Cy. N/m 280000
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