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chapter 1 introduction

[J 1.1 main features of self-excited vibration

(0 O 1.1.1 natural vibration in conservative systems

(0 O 1.1.2 forced vibration under periodic excitations

[0 O 1.1.3 parametric vibration

00 [ 1.1.4 self-excited vibration

[0 1.2 conversion between forced vibration and self-excited
vibration
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[0 O 1.3.1 energy mechanism
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[J 1.4 a classification of self-excited vibration systems

(0 O 1.4.1 discrete system

00 O 1.4.2 continuous system
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[J 2.6 soft excitation and hard excitation of self-excited
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[0 O 2.6.1 definition of stability of limit cycle
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0 [ 2.6.3 soft excitation and hard excitation

[0 2.7 self-excited vibration in strongly nonlinear systems
00 0O 2.7.1 waveforms of self-excited vibration

00 [ 2.7.2 relaxation vibration

0 O 2.7.3 self-excited vibration in a non-smooth dynamic
system.
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[J 3.2 an algebraic criterion for stability of equilibrium

position
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[0 O 3.2.2 distribution of eigenvalues of a asymptotic stable
system
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[0 O 3.3.3 geometric criterion for stability of equilibrium
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0 O 3.3.4 coefficient condition corresponding to the second type of
critical stability

[ 3.4 parameter condition for stability of equilibrium

position

[0 [0 3.4.1 stable region in coefficient space

[ O 3.4.2 stable region in parameter space

0 [ 3.4.3 parameter perturbation on the boundaries of stable
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[J 3.5 a quadratic form criterion for stability of equilibrium
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[0 O 3.5.2 quadratic form of eigenvectors of a holonomic system
0J [0 3.5.3 quadratic form criterion for a holonomic system
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O 4.1 center manifold

00 O 4.1.1 concept of flow
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0 [0 4.2.1 poincare-birkhoffnormal form

[0 O 4.2.2 poincare-andronov-hopfbifurcation theorem

[0 O 4.2.3 hopf bifurcation method

[0 4.3 lindstedt-poincare method

(0 O 4.3.1 formulation of equations

0 O 4.3.2 periodic solution of the van der poi equation
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00 O 4.4.1 formulation of equations

(0 O 4.4.2 periodic solution of rayleigh equation
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system
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[0 O 4.5.2 formulation of periodic solution
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chapter 5 analysis method for closed-loop system

[J 5.1 mathematical model in frequency domain

[0 O 5.1.1 concepts related to the closed-loop system

0J [0 5.1.2 typical components

[0 O 5.1.3 laplace transformation

0 [0 5.1.4 transfer function

[0 O 5.1.5 block diagram of closed-loop systems

[0 5.2 nyquist criterion

[0 O 5.2.1 frequency response

0 O 5.2.2 nyquist criterion
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closed-loop system

[J 0 5.3.1 absolute stability
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[0 5.5 quadratic optimal control

[0 O 5.5.1 quadratic optimal state control

[0 O 5.5.2 optimal output control
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chapter 6 stick-slip vibration

1 6.1 mathematical description of friction force

(0 O 6.1.1 physical background of friction force
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[0 O 6.1.2 three kinds of mathematical description of friction
force

[J 6.2 stick-slip motion

[0 O 6.2.1 a simple model for studying stick-slip motion

[0 O 6.2.2 non-smooth limit cycle caused by friction
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[0 6.3 hunting in flexible transmission devices

[0 O 6.3.1 a mechanical model and its equation of motion
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[J [0 6.3.3 topological structure of the phase diagram
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[0 O 6.4.1 mechanical model and equations of motion
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[0 [0 6.4.3 second type of excitation effect for stick-slip
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chapter 7 dynamie shimmy of front wheel

[0 7.1 physical background of tire force

00 0O 7.1.1tire force
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0 O 7.1.3 analytical description of cornering force
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[0 O 8.2.1 operating mechanism of hydrodynamic bearings
[0 O 8.2.2 reynolds' equation

[0 O 8.2.3 pressure distribution on journal surface
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[ O 8.2.6 linear expressions of seal force
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[J O 8.3.4 influence of external damping on oil whirl

0 [0 8.3.5 oil whip
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[J [J 8.4.1 physical background of internal force of rotation
shaft

0 [0 8.4.2 analytical expression of internal force of rotation
shaft

0 [ 8.4.3 three components of internal force of rotation shaft
(1 8.5 rotor whirl excited by internal damping

[0 O 8.5.1 asimple model of internal damping force of deformed
rotating shaft

(0 O 8.5.2 synchronous whirl of rotor with unbalance

00 O 8.5.3 supersynchronous whirl

(] 8.6 cause and prevention of rotor whirl

(0 O 8.6.1 structure of equation of motion
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(0 O 8.6.3 preventing the rotor from whirling
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and fluid

[J 9.1 vortex resonance in flexible structures

0 [0 9.1.1 vortex shedding

[0 00 9.1.2 predominate frequency

0 [0 9.1.3 wake oscillator model

0 [0 9.1.4 amplitude prediction
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(1 9.2 flutter in cantilevered pipe conveying fluid

0 [0 9.2.1 linear mathematical model

[0 O 9.2.2 critical parameter condition

[0 O 9.2.3 hopfbifurcation and critical flow velocity

[0 O 9.2.4 excitation mechanism and prevention of flutter
[0 9.3 classical flutter in two-dimensional airfoil

00 O 9.3.1 a continuous model of long wing

0 O 9.3.2 critical flow velocity of classical flutter

[J [0 9.3.3 excitation mechanism of classical flutter
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[J 9.4 stall flutter in flexible structure

(0 O 9.4.1 aerodynamic forces exciting stall flutter

[0 O 9.4.2 a mathematical model of galloping in the flexible
structure

00 O 9.4.3 critical speed and hysteresis phenomenon of galloping
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0 [0 9.5.3 analysis of flow-induced vibration
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[J [0 9.5.5 prediction and prevention of fluid-elastic
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00 00O O O To demonstrate the conversion between forced vibration and self-excited vibration,let us
consider a simple example here. Itis known that the vortex resonance is an important technical problem. Whena
fluid flow crosses a cylindrical structure, the wake behind the structure is nolonger regular but distinct vortices of
the pattern shown in Fig.1.will be foundin it. The vortices are alternately clockwise and anticlockwise. They are
shed fromthe cylinder in a perfect regular manner, and are associated with an alternatingside-wise force. The vortex
shedding on alternate sides of the cylinder causes aharmonically varying force on the cylinder in a direction
perpendicular to that ofthe stream.The vortices come off with a natural frequency. This phenomenon hasbeen
studied experimentally and it has been found that the frequency has a definiterelation with both the diameter of the
cylinder and the velocity of the stream.
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O0000: 00000000000 000)0 0 Based on a systematic understanding of its theoretical
foundations,Self-Excited Vibration Theory, Paradigms, and Research Methods of fersa method for analyzing any
type of self-excited vibration O SEV .Aftersummarizing the research results of various SEV phenomenon,
includingchatter, shimmy, rotor whirl, flutter, gallop, and SEV of man-made controlsystems, the author constructs
a general constitutive mechanism of SEV,as well as a common research program and detailed analysis technique.All
of these will help the reader independently analyze any new SEVphenomena.
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