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Preface

While teaching the subject of machinery fault diagnostics and signal
processing, and conducting short courses for industry professionals for more
than fifteen years to the senior year and graduate students at the Indian
Institute of Technology, Kharagpur, I have always had a problem locating
a single book on the subject. Though there are excellent research journals
and trade magazines on the subject, I have failed to locate a book without
bias toward the equipment used or process followed for detecting faults in
machines in general, and rotating machines in particular. With this pream-
ble I began to write this book, drawing on my experience with machinery
condition monitoring while consulting for many industries in India and
abroad over the last two decades.

In many of my fault-detection exercises in the industries where I have con-
sulted, I have come across technicians and engineers who wonder what fast
Fourier transform (FFT) is, and I have been provided with a table full of
numbers and asked to find the fault in the machines. Many engineers in the
field learn this subject from the technical brochure of the equipment they
use, without understanding their limitations. They feel that since they have a
piece of costly equipment at their disposal, they can detect and diagnose the
fault in any machine. One of the purposes of this book is to eliminate such
myths. No offense intended. There are many commercial software packages
available in the market to do diagnostics, but with an understanding of the
subject, an engineer can better appreciate the diagnostic routines, because
garbage in is garbage out.

This book can be used as a textbook in universities for a forty-hour lecture
class. Much of the material in this book has been time tested in my class
at the Indian Institute of Technology Kharagpur. I have found MATLAB®
to be a very easy way to introduce students to the basics of signal process-
ing, a very important component in machinery condition monitoring. A few
MATLARB codes for signal processing are provided in this book.

MATLAB is a registered trademark of The MathWorks, Inc. For product
information, please contact

The MathWorks, Inc.

3 Apple Hill Drive

Natick, MA 01760-2098 USA
Tel: 508 647 7000

Fax: 508-647-7001

E-mail: info@mathworks.com
Web: www.mathworks.com
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XVi Preface

Various techniques of machinery maintenance are available today,
and after a brief overview of the maintenance techniques in Chapter 2,
I focus on the fundamentals of machinery vibration and rotor dynamics
in Chapters 3 and 4. A majority of the condition monitoring techniques
in the world involve monitoring machine vibrations. Signal processing is
a very important component in diagnosing the fault in a machine. Thus
Chapters 5 and 6 are focused on the basics of signal processing and instru-
mentation, which are essential for monitoring the health of machines.
Discussions of the requirements of vibration monitoring and noise moni-
toring are presented in Chapters 7 and 8. Lately, motor current signature
analysis has developed into one of the major techniques of fault detection in
machines. For example, how does one monitor the condition of a submers-
ible pump buried in the ground, where a vibration transducer cannot be
mounted? Further, electric motors are used in a majority of situations in the
industry as prime movers, so monitoring their condition is of paramount
importance. Chapter 9 focuses on electrical machinery faults. Infrared tem-
perature detection has emerged as a cheap and convenient way to detect hot
spots, so Chapter 10 describes the thermography for condition monitoring,
Chapters 11 and 12 discuss the techniques of wear debris analysis and some
of the nondestructive test (NDT) techniques for condition monitoring like
ultrasonics, radiography, and so on. In manufacturing industries, the infor-
mation regarding a cutting tool, in particular when the tool should opti-
mally be changed, is a matter of concern. Chapter 13 discusses machine tool
condition monitoring. In spite of our best maintenance efforts, machines do
fail for reasons beyond our control. After a machine fails, we are called to
do a postmortem. So, [ have added a chapter on engineering failure analysis
(Chapter 14). In Chapter 15 I discuss several case studies, mostly on failure
analysis, from my consulting experience. After going through all the earlier
chapters, I sincerely hope that readers will be able to diagnose the faults in
machines on their own. I have done my job if readers can do that. This book
concludes with a bibliography for those interested in learning more about
the subject, and a set of appendices on standards, balancing, misalignment
techniques, and the use of MATLAB®.

I hope this book will be on the desk of every practicing maintenance engi-
neer, student studying the subject, and my colleagues from academia who are
teaching and doing research in the areas of machinery condition monitoring.

A. R. Mohanty
Kharagpur
June 2014
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1

Introduction

1.1 Machinery Condition Monitoring

Different types of machinery are present in industry. The majority of these
machines have rotating components. For an industrial plant to have high
production rates, the machines must perform as per their designed speci-
fications and installed capacity. In order to ensure that these machines run
without any significant downtime, the machine must be in proper condition.
The maintenance personnel in a plant take necessary steps to ensure that the
machines run for their designed life without any significant failure.

Machinery condition monitoring deals with the maintenance aspects of
these machines based on the present and past condition of the machine.
In order to know the machine’s condition, sensors are installed around the
machine so that relevant information about the machine’s health condition
can be collected, analyzed, and decisions made regarding the appropriate
maintenance or corrective actions to be taken so that the machine is able
to perform as per its original design objectives. In a plant without a proper
protocol in place for machine maintenance, the end result could be an
eventual loss for the plant. Machinery maintenance is dependent on the type
of machine, the severity of the defects in the machines, and the downstream
consequences they may have on the overall operation of the plant. The differ-
ent aspects of maintenance will be dealt with in the next chapter. Machinery
condition maintenance is a scheme in which appropriate maintenance is
done based on the condition of the machine.

During operation, machines give out information or signals in the form of
noise, vibration, temperature, lubricating oil condition, quality and quantity
of the motor current drawn, and the like. These signals from the machine are
acquired by installing transducers to measure the mechanical parameters of
the machine. The signals thus obtained are usually analog and they exist at
all times. In order to create meaningful information from these signals, the
signals are converted into the digital domain by analog-to-digital converters.
The discrete digital data corresponding to the analog signal thus obtained is
analyzed on computers. Software is available to efficiently store and handle



