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COURSE SYLLABUS

Course Title :
Advanced Vibration Theory

Credits / Hours |3/3| Course Number oRequired  mElective

This course firstly reviews some fundamental vibration concepts, especially those related to
single-degree-of-freedom vibration system such as the equation of motion, natural frequency,
damping, stiffness and the difference between forced and free vibration. Then it reviews features
of the forced and free vibration responses of the single and double degree-of-freedom vibration
systems. Secondly, the course proceeds to introduce the system features, forced and free
responses of a multi-degree-of-freedom vibration system. Modal analysis will be introduced
when one deals with the multi-degree-of-freedom vibration system. Then, it discusses some
concepts regarding analytical dynamics. These concepts include generalized coordinates, virtual
work principle, Hamilton’s principle, D’Alembert principle and Lagrange equation. The class
will also cover vibration problems of distributed systems. Equation of motion of the distributed
system will be derived while their analytical solutions will be solved. Approximate methods in
finding the vibration responses of the distributed system are also introduced. The approximate
methods include the finite element approach. Finally, special features of nonlinear vibration
systems are introduced while the difference between linear and nonlinear vibration problems is
explained.

Topic Content

This topic reviews fundamental vibration concepts, especially those
related to single degree-of-freedom vibration system such as the
equation of motion, natural frequency, damping, stiffness and the
difference between the features of the forced and free vibration.

Review of the single
degree-of-freedom
vibration system

This topic reviews concepts regarding two degree-of-freedom vibration

Review of the two systems, especially those towards natural frequencies, mode shapes and
degree-of-freedom the difference between forced and free vibration responses. The
vibration system students will have chances in using MATLAB software to do numerical

simulations on vibration response of two degree-of-freedom systems.

This topic introduces fundamental concepts regarding analytical
Introduction to analytical |dynamics. These include the definition of degree of freedom,

dynamics generalized coordinates, virtual work principle, D’alembert principle,

Hamilton principle and Lagrange equation..




Introduction to
multi-degree-of-freedom
vibration system

This topic introduces concepts related to multi-degree-of-freedom
vibration systems. These include modal analysis, physical meaning of
mode shapes, natural frequencies, orthogonality property of the mode
shapes and its application in decomposing the vibration response. The
students will have chances in exploring vibration problems using
MATLAB software in order to gain more insights regarding the topic.

Introduction to distributed
vibration systems

This topic explains the difference between a discrete vibration system
and a continuous vibration system. Mathematical models of the
continuous vibration systems such as string, beam and rod are derived
while their analytical vibration responses are solved.

Introduction to the
approximate method in
solving vibration
responses of the
continuous vibration
systems.

This topic explains how a distribute system can be discretized using
lumping approach. Different approximate methods including Holzer
method using in the torsional vibration problem, Myklestad’s method
using in beam vibration and more generalized ones such as Rayleigh -
Rayleigh-Ritz ~ Assumed-Modes ~ Galenkin methods will all be
introduced in this session.

Introduction to finite
element method

This topic firstly describes the relationship between the finite element
method and the Rayleigh-Ritz method. The class then introduces how
the finite element method can be applied in solving string, beam, and
rod vibration problems. The students will have chances to employ
MATLAB software to solve vibration problems of distributed systems.

Introduction to nonlinear
vibration systems

This topic describes the specific features of nonlinear vibration systems.
More emphasis will be put on explaining the difference between linear
and nonlinear vibration systems.




