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Recent Research on Railway-specific Dynamic Issues

Fumiaki UEHAN

Railway system is composed of many sub-systems such as overhead contact lines, vehicles, tracks and

structures, which interact with each other and show complex dynamic behaviors. We are working on elucidation

and countermeasures of railway-specific phenomena caused by the interaction of the sub-systems such as

damage due to natural disasters, train running safety, and deterioration of structures, using our own simulation

and experiment/measurement technologies. In this report, as our research examples in the field of railway

dynamics, we present some recent research works related to improvement of resilience against natural disasters,

digitalization of structures maintenance, hybridization of OCL/pantograph simulation, weight reduction of train

car body.
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Analytical study on effect of Sliding Friction on Unstable Vibration of Pantograph

Yuki AMANO

Shigeyuki KOBAYASHI

Sliding of the pantograph head and contact wire causes frictional force acting on traveling pantograph head in

horizontal direction. If the coefficient of friction between the pantograph head and contact wire is large, unstable

vibration of the traveling pantograph could be observed. To analyze this vibration, a 2 -dof pantograph model

considering frictional force acting on the pantograph head has been proposed. However, stability of the contact

strip attached to the pantograph is not studied in this model. Therefore, this study proposes two types of a 2-dof

contact strip model for the cases where the contact strip slides on rigid contact bar or overhead contact line. This

2 -dof contact strip model considers vertical and pitching direction movement. In addition, a stability analysis

method using the 2-dof contact strip model is also proposed. In this method, we apply the complex eigenvalue

analysis to the 2-dof contact strip model. Furthermore, excitation test of actual contact strip for Shinkansen train

was carried out to identify its dynamic characteristics. Then mode shapes and natural frequencies of the contact

strip were identified by utilizing the Maxwell’s reciprocal theorem. Moreover, the stability analysis based on the

complex eigenvalue analysis was carried out using identified modal parameters.
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Improvement of Running Safety of Railway Vehicles with Yaw Damper during Earthquakes

Kohei IIDA
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Daichi NAKAJIMA

In recent years, railroad corporations have become increasingly concerned about running safety for

conventional lines during earthquakes, especially in metropolitan areas. Therefore, for trains equipped with yaw

dampers, the authors propose that of the yaw dampers are placed symmetrically front-to-back in bogie as a

countermeasure against an earthquake. This paper also numerically clarifies that the proposed layout of yaw

dampers improves running safety against sinusoidal oscillation. An actual bogie oscillation test was performed

to validate the numerical results. From probabilistic perspective, it is shown that the proposed layout of yaw

dampers and the conventional guard usually placed on sharp curves have almost same effects on improving

running safety against seismic vibration of track.
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Influence of Wheel Turning Trace on Wheel/Rail Tangential Contact Force Characteristics

under Running in Rainy Conditions

Daisuke YAMAMOTO

A wheel tread has wheel turning traces like grooves on a rubber tire tread. In the case of such a tread, the
friction force of wheel/rail in wet conditions was expected to increase as was that of tire/road. Therefore, to
clarify the relationship between wheel turning traces and friction force, tangential contact force measurements
using a twin-disk rolling machine were carried out in several wet conditions. As a result, it was clarified that the
friction force is almost unchanged regardless of the existence of wheel turning traces due to high iron’s stiffness
and that, especially under low velocity conditions, the friction force with wheel turning traces is smaller
compared with that without wheel turning traces due to a small contact-patch. This means that the combination

of wheel/rail is different from that of tire/road in terms of tangential force characteristics.
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A Study on the Countermeasure Method for Gauge Corner Cracking

by Reducing the Contact Pressure Between Wheel and Rail

Masahiro TSUJIE
Hua CHEN

Masaharu KONO Tatsuya IDO
Yoshiaki TERUMICHI

Gauge corner cracking (GCC) occurs in heat-treated rail installed on curved high rails with a radius of 600m
to 800m. The GCC can propagates to the bottom of rail, resulting in rail breakage. However, no countermeasure
has yet been developed to prevent GCC from occurring. The aim of this study is to investigate suppression
method of GCC initiation by reducing the contact pressure between wheel and rail. Therefore, we focused on
wear development of rail, and evaluated the effect of worn profiles of rail on wheel and rail contact. The results

showed that the worn profiles of rail are effective in suppressing rolling contact fatigue that can develop into

GCC by reducing the contact pressure between wheel and rail.
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Structural Performance Evaluation of Existing Bridges by Acceleration Monitoring

Munemasa TOKUNAGA

Manabu IKEDA

The aim of this study is to realize monitoring structural performance condition for concrete girders. At first,

we have developed a method to restore displacement waveform based on acceleration waveform during train

passing by utilizing the linear vibration theory. Numerical experiments have shown that the method can estimate

the maximum displacement within approximately 5% errors. Furthermore, the equivalent linearized beam theory

has been extended to estimate reinforcing bar stress waveform based on the displacement waveform. These

methods realized the structural performance evaluation of bridges such as riding comfort and fatigue fracture

from acceleration measurements.
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Verification of Longitudinal Level Irregularity Suppression Effect at the Structural Boundary by Ballasted Ladder Track

Tsutomu WATANABE

Keiichi GOTO

Shintaro MINOURA

Kodai MATSUOKA

Numerical experiments were conducted using a three-dimensional numerical analysis model to quantify load

dispersion performance of ladder sleepers at line structural boundary. As a result, it was revealed that compared

with conventional prestressed concrete sleepers, the ladder sleeper can reduce the pressure on the sleeper bottom

plane by approximately 70 %. Furthermore, when laying the ladder sleeper at the structural boundary, it was

shown that laying across the structural boundary may be more effective in reducing the pressure on the sleeper

bottom plane than laying it in front of the structural boundary. Finally, the ladder sleepers were installed on

commercial line to verify the effect in suppressing longitudinal level irregularity.
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Development of Simulator to Accurately Reproduce Snow Accretion Phenomenon

for Railway Vehicles Traveling in Snowy Areas

Kohei MUROTANI

Koji NAKADE

Yasushi KAMATA

When accreted snow drops off train bogies, it might damage railway ground facilities along tracks, train

devices, etc. To establish countermeasures against such snow accretion damage, we have developed a snow

accretion analysis method to understand the snow accretion process. The “snow accretion analysis method”

developed in this research consists of an “airflow calculation”, a “trajectory calculation” and a “snow accretion

calculation”. In this research, we performed two kinds of snowfall wind tunnels to validate the proposed simulator.
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e e
Improvement of Numerical Method Focusing on Micro Mechanics of Ballasted Track

Akiko KONO

Numerical simulation by DEM have been adopted as analysis methods for focusing on micromechanics of
ballasted tracks. However, DEM simulation has issues of low quantitative accuracy because DEM models are
subjected to be simplified to reduce a computational load. Therefore, DEM code was parallelized by using Open
MP to decrease computing time that contribute to improve quantitative accuracy by using more precise models.

Then the author validates simulation results by comparing with measured data from real railway lines.
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