E-maintenance



Kenneth Holmberg - Adam Adgar - Aitor Arnaiz
Erkki Jantunen - Julien Mascolo - Samir Mekid
Editors

E-maintenance

@ Springer



Kenneth Holmberg, Prof.

VTT Technical Research Centre of Finland
Metallimiehenkuja 6-8

02044 VTT, Espoo

Finland

kenneth.holmberg @ vtt.fi

Adam Adgar, Dr.

Teesside University

School of Science and Engineering
Borough Road

Middlesbrough, Tees Valley TS1 3BA
UK

a.adgar @tees.ac.uk

Aitor Arnaiz, Dr.
Fundacién Tekniker
Avda. Otaola, 20

20600 Eibar, Guiptizcoa
Spain

aarnaiz @tekniker.es

ISBN 978-1-84996-204-9
DOI 10.1007/978-1-84996-205-6

Erkki Jantunen, Dr.

VTT Technical Research Centre of Finland
Metallimiehenkuja 6-8

02044 VTT, Espoo

Finland

erkki.jantunen @ vtt.fi

Julien Mascolo, Dr.

Centro Ricerche Fiat S.C.p.A
Strada Torino, 50

10043 Orbassano, Torino
Italy

julien.mascolo@crf.it

Samir Mekid, Dr.

King Fahd University Petroleum & Minerals
Department of Mechanical Engineering
Dhahran 31261

KSA

smekid @kfupm.edu.sa

e-ISBN 978-1-84996-205-6

Springer London Dordrecht Heidelberg New York

British Library Cataloguing in Publication Data

A catalogue record for this book is available from the British Library

Library of Congress Control Number: 2010930014

© Springer-Verlag London Limited 2010

Emonitor is a registered trademark of Rockwell Automation, Inc., 1201 South Second Street,
Milwaukee, WI 53204-2496, USA, http://www.rockwellautomation.com

iMEMS is a registered trademark of Analog Devices, Inc., 3 Technology Way, Norwood, MA 02062,
USA, http://www.analog.com

MIMOSA is a trademark and service mark of Machinery Information Management Open Systems
Alliance, registered in the United States of America and other countries.

Apart from any fair dealing for the purposes of research or private study, or criticism or review, as
permitted under the Copyright, Designs and Patents Act 1988, this publication may only be
reproduced, stored or transmitted, in any form or by any means, with the prior permission in writing of
the publishers, or in the case of reprographic reproduction in accordance with the terms of licences
issued by the Copyright Licensing Agency. Enquiries concerning reproduction outside those terms
should be sent to the publishers.

The use of registered names, trademarks, etc. in this publication does not imply, even in the absence of
a specific statement, that such names are exempt from the relevant laws and regulations and therefore
free for general use.

The publisher makes no representation, express or implied, with regard to the accuracy of the
information contained in this book and cannot accept any legal responsibility or liability for any errors
or omissions that may be made.

Cover design: eStudioCalamar, Figueres/Berlin
Printed on acid-free paper

Springer is part of Springer Science+Business Media (Www.springer.com)



Preface

This is the first book to present the topic of e-maintenance, which has appeared in
the scientific and technological discussions at conferences and meetings during the
last decade. E-maintenance is a synthesis of two large trends in our society: on the
one hand the growing importance of maintenance as a key technology to keep
machines running properly, efficiently and safely in industry and transportation,
and on the other hand, the very rapid development of information and communica-
tion technology (ICT). This has opened the way to completely new concepts and
solutions with more detailed equipment for health information and more effective
diagnostic and prognostic tools and user interfaces to ensure good reliability and
availability of plants and vehicles remotely worldwide.

The authors of the book are European top experts on ICT and maintenance
technology both from academia and industry. They have worked very intensively
together for the last four years, starting in 2005 within the European Commission
funded research and development project DYNAMITE — Dynamic Decisions in
Maintenance. The R&D group consisted of about 50 experts altogether from nine
European countries: Estonia, Finland, France, Germany, Greece, Italy, Spain,
Sweden and UK.

This book presents an overview of the subject of e-maintenance including
trends, scenarios and needs in industry and advanced ICT technologies and future
solutions to global and mobile industrial maintenance needs. The pioneering
e-maintenance concept DynaWeb is presented, and the group of experts that were
involved in its development describe the detailed technologies, their development
and experiences gained with this R&D process, as well as future perspectives.

The book is divided into 16 chapters, which include the new integrated
e-maintenance concept, intelligent, wireless, MEMS, and lubricating oil sensors,
smart tags, mobile devices and services, semantic web services, strategies for
e-maintenance and related cost effective decisions, industrial demonstrations as
examples of e-maintenance, as well as related e-training.

The book is intended for engineers and qualified technicians working in the
fields of maintenance, systems management, and shop floor production lines
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maintenance. It constitutes a good tool for the further development of e-main-
tenance in both current and new industrial sites.

It is the hope of the authors that this book will open new views and ideas to re-
searchers and industry on how to proceed in the direction of a sustainable and
environmentally stabile society.

Europe The authors
October 2009
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Chapter 1
Introduction

Kenneth Holmberg

Maintenance is a field of technology that consists of technical skills, techniques,
methods and theories that all aim at “keeping the wheels in our society rolling
properly”. The purpose is to find both technical and organisational solutions for
large assets like factories, power plants, transportation vehicles and building tech-
nology equipment, as well as for smaller assets such as household machines,
hobby devices and consumer products, to function properly, in a cost-effective
way, with low energy consumption, without polluting the environment and in a
safe, controlled and predictable way.

The huge costs and risks related to improper maintenance have been both ob-
served and documented in the industry. Poorly functioning production machines
and unreliable products are not good for a company’s business. Maintenance is
directly linked to competitiveness and profitability and thus to the future of a com-
pany (Pehrsson and Al-Najjar 2005).

In the last decades several organisational approaches to arrange the mainte-
nance work as efficiently as possible have been developed. Such methods are, e.g.,
total productive maintenance (TPM), reliability-centred maintenance (RCM) and
condition-based maintenance (CBM) (Campbell and Jardine 2001, Marquez
2007). These methods have been implemented in the industry with mainly very
good results.

At the same time people have realised that the strategy to wait to repair equip-
ment until it fails is often not a good solution. The break down may come at an
inconvenient time and the sudden and unexpected stoppage can be very expensive.
The breakdown may even become a source of problem for nearby equipment (sec-
ondary damage), the environment (pollution) and may even pose health and safety
problems to nearby personnel. One solution is to use scheduled maintenance,
stopping the equipment regularly for checking and service. The problem with this



2 K. Holmberg

approach is that the equipment is stopped also in unnecessary cases, and some-
times the stop and unnecessary service action may introduce new problems.

The optimal solution is to know continuously the condition of the asset and its
components and take repair and service actions only when really needed. It is, of
course, a big challenge to have complete control over the asset condition and also
know what the optimal maintenance decisions are each time. However, current
technological development offers new and advanced techniques and methods to
support this approach.

Currently, there is an improved understanding of the physical, mechanical and
electrical phenomena initiating and triggering disturbances and failures. There is
the potential to develop low cost micro size integrated sensors for observing the
behaviour of a device. There are high capacity and advanced methods for condi-
tion data collection, signal analysis, data mining, reasoning and decision making.
There are methods for computer based diagnostics and prognostics of plant condi-
tions. New wireless techniques and the internet offer the possibility of using mo-
bile hand-held computers (PDA, personal digital assistant) to have access to large
information globally and on line (Holmberg and Helle 2008).

This development opens a new possibility in asset maintenance. It is called
e-maintenance and has been defined as “The network that integrates and synchro-
nises the various maintenance and reliability applications to gather and deliver as-
set information where it is needed”’ (Baldwin 2001). The e-maintenance solutions
typically offer answers to the following:

What: which equipment needs maintenance?

When: when is the maintenance needed?

Who: computerised maintenance management systems.
How: manuals, spare part availability.

The concept of e-maintenance integrates existing telemetric maintenance prin-
ciples with web services and modern e-collaboration methods. Collaboration al-
lows us to share and exchange not only information but also knowledge and
e-intelligence (Han and Yang 2006, Muller et al. 2008).

In this book we present a flavour of advanced techniques and methods that
form the basis of an integrated e-maintenance approach, including solutions such
as advanced micro sensors, smart tags (RFID, radio frequency identification), on-
line oil sensors, PDA maintenance applications, ontology based diagnostic and
prognostic methods, wireless communication, semantic web service for distributed
intelligence, dynamic cost effectiveness based decision making tools and a holistic
e-maintenance concept.

In this book the development of such techniques and methods is reported and
the state-of-the-art is reviewed. Moreover, experiences both from laboratory test-
ing as well as the use of e-maintenance in industrial environments are reported.
The reported cases are demonstrations on the global level, with milling machines,
machine tools, foundry hydraulics, maritime lubrication systems and automatic
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stamping machines. An e-training package for implementing successful
e-maintenance applications is presented.

The development work and industrial demonstrations were carried out in the
European Commission 6th Framework Programme project “Dynamite” (Dynamic
Decisions in Maintenance) by 17 academic and industrial partners in Europe. It is
our hope that this book will help the reader to understand the different advanced
techniques that e-maintenance is based on and how e-maintenance as a concept
can offer new and optimal solutions for asset management in a modern net-based
information environment for globally active enterprises.
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Chapter 2
Maintenance Today and Future Trends

Andrew Starr, Basim Al-Najjar, Kenneth Holmberg, Erkki Jantunen,
Jim Bellew and Alhussein Albarbar

Abstract. This chapter describes the state of the art in maintenance and its future
trends. The key areas that have influenced maintenance in the last 40 years are
management of people and assets, and fechnological capability. These areas are
important because they aim to take the best advantage of expensive resources,
whether that advantage be profit, or to provide the best possible service with lim-
ited resources. The chapter first sets out the current range of maintenance in indus-
trial practice. It is recognised that many businesses do not undertake the full extent
of the work reported here, but it is our purpose to survey the state of the art. The
chapter then continues to survey the influences of nascent technologies and ideas,
before making some predictions about the future. Indeed, some of the most ad-
vanced condition-based maintenance effectively aims to predict the future. How-
ever, here we do not offer a crystal ball calibrated to international standards; we
will constrain ourselves to an informed, independent opinion.

2.1 State of the Art in Management

Maintenance today contributes to the aim of sustainable development in society,
including environmental and energy saving aspects, safety aspects and economical
aspects. Advanced maintenance has a critical role to play in improving companies’
competitiveness. Technology will not be effective without excellent management.
The reliability and availability of machines and instruments are crucial factors of
competitiveness, particularly in applications where safety and availability are im-
portant. Automation and integrated production have resulted in larger technical
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systems, which are more difficult to control, and more sensitive and vulnerable to
diverse consequential effects because of breakdowns.

Reliability, availability and lifetime planning first advanced in the nuclear en-
ergy industry. The aerospace industry quickly followed, developing methods to
assure reliability by distributing and duplicating the crucial features. Safety and
risk analyses have been developed and adapted not only in the chemical industry
but to some extent in most industrial fields.

However, existing methods are not always so easily applicable to conventional
power plants, or to the process and metal industries, where availability is often a
more important criterion than reliability. In other words, the downtime is more
important than a small probability of failure. A failure can be acceptable if the re-
pair and restarting times are short. Maintainability and maintenance support per-
formance are therefore most important in such cases.
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Figure 2.1 The fusion and advance of maintenance technologies

Diagnostics

Y

TIME

Traditionally, the manufacturer guaranteed the faultless action of a product for
a certain warranty period. Nowadays, life cycle profit (LCP) planning is gaining
popularity and it is based on the reliability of a product during its whole lifetime.
Statistically-defined failure frequency, availability, and the lifetime of the product
can now be used as a competitiveness argument. This will also give a reliable ba-
sis for recycling a product.

Higher reliability of industrial plants and machines means fewer risks, both
personal and environmental, and better control, as well as energy conservation and
lower expenses during the operating lifetime. The international competitiveness of
the industry can be improved by developing new techniques and methods to spec-
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ify and control the product reliability more precisely and convincingly. This is a
very important sales argument in a situation where the gap between different
products, in terms of performance and functional features, diminishes as a result of
extremely advanced product development driven by competition.

Today’s product design methods are mainly based on optimising the perform-
ance of the products and little attention is given to reliability and lifetime estima-
tions. Few design tools emphasise reliability and availability.

This fusion of technologies is illustrated by Figure 2.1, in which the influence
of a wide range of technological advances is considered over the last two decades.
Because of the great variety of different techniques, based on expert knowledge in
several fields of technology involved, there is a need to approach the reliability
and maintainability problems from a general, holistic point of view, starting from
the problem of the customer and ending with the satisfied user. The Technical Re-
search Centre of Finland (VTT) has developed a systematic approach (Holmberg
2001, Holmberg and Helle. 2008). This is aimed at improving the synergistic in-
teractions between the different fields of expertise by showing a logical and com-
prehensive structure, where each expert can find his place and see the connections
to experts from other fields, all working with the same aim of a satisfied end user,
as shown in Figure 2.2.
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Figure 2.2 Holistic approach to maintenance integration

The probability of personnel, equipment and environmental damage can be
analysed and the accident consequences estimated by systematic methods of risk
control. The critical parts are identified, the probability of system failure and life-
time are calculated, and the operability costs are estimated by statistically based
techniques of reliability control. When the critical parts of the production system



