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A Study on the Running Stability Prediction according to the
Operating Speed of High-speed Train
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Abstract There are two high-speed railways in South Korea, the Gyeongbu and Honam high-speed lines,
which branch off at Osong. Since the Pyeongtaek-Osong section is shared by both lines, the track
capacity has almost reached saturation. A project to expand track capacity by double-tracking the
section is in progress. The newly constructed Pyeongtaek-Osong section is planned as an underground
tunnel, and the operating speed will be gradually increased. The running stability with the increase of
operating speed was examined using dynamic analysis. To review running safety, technical standard
3.2.2 for the running safety of a high-speed train was referenced, and dynamic analysis was performed
using VAMPIRE. The analysis model was the HEMU-430X, a power-distributed high-speed train
prototype. The carbody vibration frequencies measured from the HEMU-430X were compared with the
vibration mode analysis results, and the analysis model had accuracy over 90%. Using this model, the
wheel unloading ratio, derailment coefficient, and sum of guiding forces were reviewed with speeds of
350, 370 and 400 km/h. The wheel unloading ratio, derailment coefficient, and sum of guiding forces
increased with the operating speed, but the high-speed train was still predicted to be safe. The design
of the Pyeongtaek-Osong section has no problems in terms of running stability.

Keywords : Derailment Coefficient, High-speed Train, Running Stability, Sum of Guiding Forces, Wheel
Unloading Ratio
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Fig. 2. HEMU-430X
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Fig. 3. Modeling of HEMU-430X
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Fig. 4. Modeling of bogie and inter-car connection
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Fig. 5. Wheel-rail contact model
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(b) FFT analysis of TC vertical acceleration (Peak 2.084Hz)
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Fig. 6. FFT analysis result of TC at 300km/h
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Fig. 7. Natural vibration mode of HEMU-430X
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Fig. 8. Model of Pyeongtaek-Osong line
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Fig. 9. Irregularity of Kyoungbu high-speed line
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Fig. 10. Example of Analysis result at 400km/h
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Fig. 12. Analysis result of derailment coefficient
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Table 1. Maximum value of analysis results at 350, 370, 400km/h
350km/h 370km/h 400km/h
Items Criteria
Left wheel | Right wheel | Left wheel | Right wheel | Left wheel | Right wheel

Sum of guiding forces [kN] 57.5kN 17.1kN 24.1kN 30.3kN
Wheel unloading ratio 80% o o o o o o
% (when 0.1%) 46.8% 47.9% 48.7% 49.5% 52.7% 52.3%

. . 1.1

Derailment coefficient (when 0.1%) 0.091 0.10 0.12 0.14 0.21 0.18
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