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PREFACE

With the development of modernized production and technology, the re-
quired function of electromechanical equipment becomes more and more com-
plicated. The production of highly functional and complex electromechanical
equipment relies on highly precise and effective design. New design theories
must be developed for mechanical design to promote the invention and innova-
tion of modern complex electromechanical equipment. Modern complex elec-
tromechanical systems consist of multi-subsystems including machinery, pow-
er, information, control, etc. The integral function is then given through
the reciprocal affection (also called coupling) of subsystenss. However, there
could be some potential singularity in a system. Such an unexpected and un-
wanted coupling might be stimulated to damage machines under some working
conditions,

Generally, much attention is paid to the one-to-one coupling design for
the function design of mechanical systems., However, either the existence of
u\nexpected and unwanted coupling or the multi-dimensional action of coupling
factors may be neglected. For example, an electric motor with required pow-
er and rotation speed will be chosen according to the required working velocity
and the working resistance to be overcome for a mechanical system. The re-
quired working precision is controlled by regulating the movement of the me-
chanical system with a control system. The complex coupling existing in these
processes has a functional effect on the system function and the interfering
effect of coupling may appear. One typical case is that all kinds of vibration
phenomenona in high-speed rolling mills are related to electromechanical cou-
pling. Here is another example, Ultrasonic energy is generated and supplied
by PZT in the design of chip bonding machines. However, the multi-dimen-
sional effect of PZT is usually not considered, As a result, multi-dimensional
non-fundamental frequency and non-dominant mode shape may appear and
make tools diverge from their correct positions when tools work with operating

frequency and dominant mode shape. With the intensification and fineness of
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the movement of mechanical equipment, all these unexpected coupling prob-
lems will be much more remarkable. Coupling in modern complex electrome-
chanical equipment is complicated and has a determined effect on the perform-
ance of electromechanical equipment. Coupling is various and an important
scientific problem that must be solved both in the innovative design and during
highly effective and precise operating for complex electromechanical systems.
These are also the reasons that we consider the electromechanical system cou-
pling as the focus and write this book with various chapters related to the
problem.

Coupling of complex electromechanical systems is one of scientific prob-
lems, which is attracted considerable attention until recent years. It is much
difficult for us to understand and search into the coupling principle of complex
electromechanical systems because of the depth of scientific theories it involves
and the scope of scientific processes it refers to. To write this book is just an
attempt that is made, merely from the point of view of complex coupling, to
search into the design theory of complex electromechanical systems. There are
still many unknown coupling problems in complex electromechanical equip-
ment, which are required for us to search into, explore and control. There
may be some contents that could be improved in this book and we are grateful
to readers to oblige us with your valuable comments.

This book is the summarization of the academic research, “coupling de-

sign theory and methods of complex electromechanical systems,”

a project
supported by the State Key Program of National Natural Science of China
(Grant No. : 59835170) and a publication project supported by the National
Natural Science Foundation of China (Grant No. : 50424505).
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ten by Prof. Wang Ai lun from Central South University and Dr. Li Xuyu
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