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Preface

In nature and engineering, there is a type of sustained periodic motion of dynamic
systems not subjected to any outside alternating effect. It is caused by the interaction
among the inside elements of the system, and is consequently named as self-excited
vibration. This type of periodic motion is omnipresent. For example, the steady
pulse in the heart-blood-vessel system of a human is a complicated self-excited
vibration system. So, the continuation of life relies entirely on the sustained periodic
motion. However, in engineering, only a few of the self-excited vibrations are
corresponding to the normal working state of the system, in contrast, most of
them always are the harmful disturbances against the normal working states of the
system. Thus, quite often they are undesired. Whether or not they are desirable, a
thorough understanding of their motion regulation is beneficial in optimizing the
design of systems. In the first half of the last century, many self-excited vibrations
in engineering have been studied and complied into the well-known monographs.
For example, in “Mechanical Vibrations’ edited by J. P. Den Hartog and ‘Nonlinear
Vibrations in Mechanical and Electrical System’ edited by J. J. Stoker, the materials
in these monographs manifest main results that can be acquired at that time. The
theory of self-excited vibrations has experienced significant progress in the last
decades. In particular, nonlinear dynamics, founded by H. Poincare in the 19th
century, has greatly advanced with the rapid development of the calculation
technique and the important contributions of many scientists; the Hopf bifurcation
theory is extensively used to analyze various self-excited vibrations, and theoretical
analyses became more rigorous and more comprehensive consequently. However,
in engineering, the seat of self-excited vibrations is ever-changing, whose governing
equations generally belong to different types of differential equations. Therefore,
the results of the analyses appear to be dispersive and their common the features
of the self-excited vibrations have not been fully extracted. This book is devoted
to integrating the recent development in the theory of self-excited vibration with
modern dynamics and control theory. The main goal is to advance the research
about the common behavior and their features in various engineering fields.



The first chapter briefly explains the main features of self-excited vibrations
and the remainder of the book is divided into three parts: the first, which consists of
chapters 2 to 5, describes a variety of qualitative and quantitative methods; and
the second is concerned with the detailed analyses of several types of self-excited
vibration in various engineering fields. The analysis results may be used to improve
the effectiveness of the practical design. Furthermore, a cross-fertilization of ideas
will evolve from the different self-excited vibration phenomena so that the common
excitation mechanism in different self-excited vibration systems and the effective
analysis techniques are summarized; the last part, namely, chapter 11, provides a
workable modeling routine for analyzing the unclear self-excited vibration pheno-
menon. In combination with the first part, this part constitutes a set of research
techniques to study all self-excited vibrations in mechanical systems.

The author also wishes to express his appreciation to Professor Shouwen Yu
for his recommendation on this book’s creation. In addition, the author wishes to
appreciate the valuable suggestions from Professor Haiyan Hu. Special thanks
are due to Review Ready Co. for patiently reviewing an early version and making
valuable suggestions. The author would like to thank Dr. Shichao Fan for producing
the computer-generated plots and equations. Last but not least, the author thanks
his daughter, Jinghua Ding, for extensive review and conscientious typing of the
manuscript.

Wenjing Ding
at Tsinghua University
2011.4
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