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Preface

The Metal Age, which started around 3000 BC, saw the appearance of metal tools and the
evolution of civilizations in different regions of the world. This led to the development of tools
for warfare and farming, and the building of roads, boats, houses, and so on. The Industrial
Revolution created new mechanical devices and machines. This, in turn, led to the development
of the electrical, hydraulic, and other devices and equipment that are used nowadays in nearly
all sectors — farming, processing, mining, manufacturing, transport, communication, and so
on, all with specific needs for maintenance. The construction of infrastructures (such as
electricity, water, gas and sewage networks, dams, roads, railways, bridges, etc.) resulted in
new maintenance challenges in order to keep them operational.

The reason why engineered objects (be they products, plants, or infrastructures) need
maintenance is that every object is unreliable, in the sense that it degrades with age and/or
usage and ultimately fails when it is no longer capable of discharging its function. Maintenance
actions compensate for the inherent unreliability of an object and may be grouped broadly into
two categories: (i) preventive maintenance (PM) to control the degradation process and
(ii) corrective maintenance (CM) to restore a failed object to the operational state.

Maintenance actions were mainly of the corrective type until the middle of the last century —
the adage being, “don’t touch if it ain’t broke.” Also, preventive actions were viewed as money
wasted. Maintenance was done by trained technicians who were very good at fixing failures
(often fondly referred to as “grease-pit monkeys” in the popular literature). Maintenance was an
afterthought in the design of new objects and was simply viewed as an unavoidable cost to be
incurred after these objects were built and put into operation.

There was a dramatic change after the Second World War. Reliability evolved as a new
discipline, and the theory of reliability dealt with various aspects, such as (i) the science of
degradation, (ii) the use of statistical methods to assess reliability, and (iii) mathematical
models to predict item failures and the importance of preventive maintenance. Investing in
preventive maintenance lowers the cost of corrective maintenance but results in additional
costs. Operational Research (the application of scientific methods to solve industrial problems)
focused on models to decide on the optimal level of preventive maintenance to achieve a
proper trade-off between the costs of corrective and preventive maintenance.
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The next stage of evolution was the emergence of alternative approaches to the maintenance
of objects in different industry sectors. Two methods that have been used extensively across
the world are: (i) reliability-centered maintenance (RCM), which had its origins in the airline
industry, and (ii) total productive maintenance (TPM), which had its origins in manufacturing.
Advances in technology (sensors, data collection, computers, and communication) have
resulted in the evolution of condition-based maintenance (CBM) and e-maintenance.

Maintenance in the twenty-first century has moved from the trial and error approach of the
technicians of the early twentieth century to a multi-disciplinary subject with science,
engineering, and technology as its foundations. A maintenance engineer is a professional
engineer with this background, and so is different from a maintenance technician, who is
skilled in carrying out specified maintenance tasks. An understanding of the basic principles
of management is also an important element of modern maintenance practice. Furthermore,
maintenance engineers/managers need advanced techniques for maintenance data analysis
and also need to build models to assist effective maintenance decision making. The need to
interact with other disciplines (such as law, accounting, etc.) is also needed by senior-level
maintenance managers. The figure below shows this in a schematic format.
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Over the last few decades, hundreds of books on maintenance have appeared in print.
The authors are not aware of any book for use in a first course on maintenance that takes the
comprehensive view needed for the twenty-first century. This book aims to fill this gap and
is meant for use as a textbook on maintenance at the senior undergraduate or graduate level
in engineering programs. The unique features of the book are as follows:

It provides a unified approach linking science, engineering, technology, mathematics and
statistics, and management.

« It focuses on concepts, tools, and techniques.

e It links theory and practice using real, illustrative cases involving products, plants, and

infrastructures (many chapters have three sections dealing with specific issues for these
different types of items).
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The book provides a good foundation for a new graduate to work as a maintenance engineer
and to build a career by moving through the ranks of junior- and middle-level management
responsible for maintaining the various types of engineered objects. It can also be used as a
reference book by practicing maintenance engineers/managers to understand the modern
knowledge-based approach to maintenance. The book can also be used as a starting point for
researchers in maintenance.

The book is flexible enough to be used as a textbook in various undergraduate and graduate
programs. A suggested sequence for four programs is as follows:

e Undergraduate level
o Industrial engineering programs: Chapters 1-7, 8-9, 17, 19-22
o Other engineering programs: Chapters 1-4, 6-7, 17, 19, 22
* Graduate level
o Maintenance engineering programs: Chapters 14, 6, 8-12, 13-20
o Engineering management programs: Chapters 1-7, 17-22

Each chapter deals with several topics. The book is suitable for one or two full courses or
part of one or more courses depending on the topics selected.

The background needed to understand and fully appreciate the contents of the book is an
understanding of the basic concepts from the following disciplines:

* Mathematics;

e Physics and Chemistry;

* Engineering (covering design, manufacturing, construction, and operations);
* Probability and Statistics.

This book evolved through a joint partnership between three researchers/educators from
three different continents and is based on the experiences of the authors in teaching and
research in maintenance over the last three decades.

Mohammed Ben-Daya, Dhahran, Saudi Arabia
Uday Kumar, Lulea, Sweden
D.N. Prabhakar Murthy, Brisbane, Australia
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