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The subject of vibro-acoustics is important for the better design of machine elements and
structures, to minimize sound generated by them. In view of the design cycles of machines
becoming shorter, designers need to design quiet machines at the drawing-board stage rather
than applying “band-aid” techniques after the machine has been built. Those interested in
low-frequency vibration are generally concerned with the modal approach of using natural
frequencies and mode shapes, whereas those interested in vibro-acoustics in medium and

high frequencies are generally concerned with the wave approach. Since both approaches

have their advantages, it is a good idea to study both together to get the best out of them. This
is useful for a better understanding of the physics of vibro-acoustics. Written for students and
professionals, this book systematically integrates the relevant aspects of vibro-acoustics from

various viewpoints and

» Covers fundamental aspects of noise and vibration and their mutual interaction
» Discusses both modal and wave approaches for studying dynamic systems
» Simplifies circuit theory concepts

* Provides a solid understanding of the physics of vibro-acoustics through

seamless integration of vibration and acoustics

* A good primer for statistical energy analysis (SEA) users
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Preface

This book is mainly focused on the viewpoint of those interested in modeling vibro-
acoustic systems for designing quiet machines at the drawing-board stage. It is well known
that modeling is always cost-effective and is much superior to cut-and-try empirical meth-
ods that are not expected to give definite results. The subject matter of vibro-acoustics is
very vast and is, therefore, difficult to compress it into about 500 pages of print. But the
main objective is to provide all the necessary fundamentals for the reader who can very
easily move to other reference books and then comprehend material that is available in the
literature; in short, the main objective is to give an easier learning curve for those inter-
ested in vibro-acoustics, especially those students at the advanced undergraduate stage.

Background in the following areas is expected: mechanics, circuit theory, fluid mechan-
ics, and mathematics. Therefore, those from any of the engineering disciplines should be
able to follow this book. The style adapted in writing this book is pedagogical and hence
very easy to follow without any secondary reading. The entire book can be taught as a
semester course or some parts of this book can be used to teach a course on noise control.

Most parts of this book have evolved based on the postgraduate elective on vibro-
acoustics I have taught at the Indian Institute of Technology (IIT) Bombay for the past
5 years. Therefore, it has undergone many useful changes over a period of time, based on
the feedback from students. The course, taught over a period of 14 weeks with tutorials,
quizzes, exams, and so on, generated content for this book. Hence, sufficient care has been
taken to write this book so the student can easily comprehend the basics of vibro-acoustics
through independent reading, supplemented by classroom teaching. I have also used
most parts of this book to teach continuing education programs for practicing engineers.
Therefore, practicing engineers can also benefit from using this as a reference book, as
there are many illustrated practical applications.

The contents have been carefully selected based on my extensive experience of teaching
industry professionals and students for the past 23 years. I would have rather preferred to
directly use an existing textbook to teach vibro-acoustics. But unfortunately, it was hard
to find a book that could give all the necessary information that is required for a beginner
to master vibro-acoustics. In addition, many of the authors of reference material in vibro-
acoustics are from a physics or electrical engineering background and, therefore, have a
different perception of their audience. Due to these reasons, I decided to write this book so
that someone interested in vibro-acoustics can get most of it from a cover to cover reading,

Another important reason for writing this book is the division among those working in
various aspects of vibration and noise; some of them use only the modal approach and oth-
ers the wave approach. There are a chosen few who use both of them, for example, Norton.
Since each of these approaches has their own advantages, I have used both approaches
extensively wherever relevant, so the reader feels much more comfortable to expand the
horizons of learning without any difficulty. This approach, therefore, will help to spread
the knowledge of vibro-acoustics to a wider audience, rather than being restricted to a
chosen few.

The book is divided into 10 chapters. Beginning with a single-degree-of-freedom sys-
tem, the vibratory behavior of multidegree-of-freedom systems and continuous systems
are discussed using both the modal and wave approaches. The basic principles of airborne
sound are then discussed along with their measurement techniques. Random vibration,
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which is commonly encountered in many vibro-acoustic systems, is discussed to empha-
size the basic concept of broadband excitation. Acoustic sources like monopoles, dipoles,
and baffled pistons are discussed, which will help in objective description of the source
strength. This will also help relating how vibration can produce airborne sound and vice
versa. The physics of sound-structure interaction with respect to flexible vibrating struc-
ture is clearly explained without using too much mathematics. The basic information for
studying information on statistical energy analysis (SEA) is organized systematically in
sequence in the first 9 chapters to prepare for the final chapter. In Chapter 10, the basics of
SEA are presented along with many applications.

The book is organized in such a way that information related to vibration and noise
is logically presented so that they can be eventually unified to determine the extent of
noise radiation due to vibration. The sequence is such that all the chapters can be sequen-
tially studied without having to go back and forth. The physics of dynamic systems is
emphasized throughout so that the reader in not just lost in mathematics. Therefore, the
information presented here will be very useful for modeling vibro-acoustic systems. After
going through this book, many other reference books and journal papers in this area can
be easily studied. The main objective of this book is to prepare a new graduate student in
vibro-acoustics.

Dhanesh N. Manik
Mumbai, India
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