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Railway vehicles are large-scale complicated machines.
Their dynamic characteristics including motion stability
and curving behavior are crucial indices which measure
the quality and behavior of the vehicle systems.

Vehicle vibration increases with the increase of train
speed. This causes a deterioration of the service environ-
ment which reduces the life of the structural components
of the train. Furthermore, vibration may reduce passen-
ger comfort, lower vehicle stability, and generate impact
noise between wheels and rails. Severe vibration can
even cause train derailment, and therefore, higher dy-
namic quality, especially running safety, is crucial for
trains running at high speeds.

To meet the need for research on the technology of
high speed trains, the dynamic models of vehicle systems
have been gradually improved, and new methods and
techniques have also been developed. For instance, the
small-scale roller test rig which simulates vehicle dynam-
ic behavior has been extended to full-scale. The rig has
been further improved to enable the reproduction of vehi-
cle running behavior on track. Existing linear models of
railway vehicles have been improved to include the non-
linear factors which can accurately characterize the essen-
tial features of actual vehicle structures. Traditional nu-
merical simulation has been gradually replaced with the
use of the virtual prototype. Due to the potential increase
in the number of high speed trains in China and the com-

plex engineering problems associated with their use, it is
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necessary to increase the scope and depth of dynamic theory studies for rail-
way vehicles. With the help of new methods and means, advances in science
and technology have been achieved for high speed train research. Important
progress has also been made in the basic and complicated rolling contact
problems of wheel/rail systems.

The Traction Power Laboratory ( TPL) is the largest State Key Labora-
tory for transportation research in China and has an international reputation
for work in this area. The multiple function full scale roller test rig devel-
oped by TPL has played a key role in raising train speed on existing railway
lines and the rapid development of high speed passenger and heavy haul rail
services in China. The scaled test rig has become an irreplaceable tool in the
development of new types of rolling stock in China. The test rig has enabled
numerous test simulations of actual rolling stock to be carried out, resulting
in the prediction and optimization of dynamic behavior. Based on the studies
of the dynamic behavior of rolling stock, the laboratory has taken charge of
many important research activities including undertaking national projects
and key projects granted by the National Natural Science Foundation of Chi-
na. The full-scale roller test rig was successfully applied in test studies of
the tilting train and 270 km/h high speed train, which finally passed the
field tests. The academic researchers associated with the laboratory have
made great progress in the nonlinear theories of vehicle system dynamics,
the theory of wheel/rail systems, and the dynamics of pantograph/catenary
systems.

This book has been written to present our recent research accomplish-
ments and to meet the study needs of post-graduates and staff for their
teaching and research activities. The kernel of the book is mainly from the
author’s academic dissertations and is the summary of the author’s research
work from the time he studied for his Masters degree. However, it also in-
corporates the recent research accomplishments of the State Key Laboratory.

All the research discussed in this book has been funded by projects
granted by the National Natural Science Foundation, the Ministry of Science
and Technology of China, and the Ministry of Railways. The author has
been involved with all these projects. Every chapter draws on work from re-
search papers published by the author and his colleagues and each is there-
fore relatively independent in content. However, the author has made every

effort to integrate the material into a coherent work.



