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“...Our priority for the coming years is to secure a
sustainable financial platform to allow essential basic research to continue ...“

2010

The year 2011 is a jubilee year for the Division of Operation and
Maintenance Engineering as it completes 10 years of its existence.
Even though “ten years” is a relatively young age for an academic
discipline we have been successful in establishing ourselves as
leading research group within our area. We have so far successfully
defended 16 PhD Theses, 17 Licentiates Theses, over 30 sponsored
research projects and more than 300 scientific papers etc., which
can be judged as a remarkable achievement. We have also been
successful in launching a peer reviewed scientific journal “International Journal of System Assurance Engineering and Management”
(IJSAEM) as an oﬃcial publication of our Division through Springer.

This year, we organized the First International Congress and workshop on eMaintenance (eMaintenance 2010). Besides, a number of
industry-relevant workshops and seminars, where a host of industrial organizations, researchers and authorities interested in the
business of asset management and maintenance interacted with
each other to share and enrich their experiences.
Our priority for the coming years is to secure a sustainable financial
platform to allow our essential basic research to continue and
provide a base for our engagements in applied and industry driven
researches.
I must convey my appreciation to all my colleagues in the Division,
besides our supporting partners from industry and university
management for the successful results of the year 2010.
The Annual Report of the Division for the calendar year 2010
demonstrates our continued commitment towards academic and
research excellence. It gives me immense pleasure to present the
Annual Report for the year 2010.
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Our achievements, ever since the establishment of the Division in
2001, as a research discipline makes us confident that we are on the
right path. I am also pleased to say that our group has been further
recognized and strengthened by the merger of Engineering Acoustics group with us. We are in the process of building a new laboratory to expedite the vision of eMaintenance.

Dr. Uday Kumar
Professor and Head

February 11, 2011

Division’s
Achievements

2001 - 2010

16 PhD theses
(2005-2010)

17 Licentiate theses
(2003-2010)

More than 300 papers
(peer reviewed International Journal &
Conference/Congress papers)

120.000.000 SEK

on more than 30 applied research
projects

The Division of

OPERATION AND MAINTENANCE

Engineering

The Division of Operation and Maintenance Engineering was established in the year 2002. Since then, the
Division has gone a long way towards establishing itself
as a pioneer research group in the field of operation
and maintenance engineering. With the increasing
awareness that maintenance ensures safe and sustainable performance and creates added value in the
business process, industries have started considering
maintenance as an integral part of the business process
while applying a holistic view of the asset engineering
and management. The subject area of Operation and
Maintenance Engineering is multidisciplinary in nature,
transcending the boundaries separating many
disciplines of science and arts. Keeping this in mind, the
activities of the Division are aligned towards finding
synergies with other engineering disciplines and building networks with many active research groups, locally
and world wide.
The Division of Operation and Maintenance Engineering during the 9 years of its existence has grown in size.
By the end of the year 2010, the Division has 15 faculty
staﬀs, 5 guest professors and 19 PhD students
(including industrial and external PhD students).

Faculty Members

PhD Students

Uday Kumar, Professor and Head

Andi Rahadiyan Wijaya
Anna Gustafson
Christer Stenström
Filip Berglund
Hussan Saed Hamodi Al-Chalabi
Iman Arastehkhouy
Khalid Atta
Luis Barrios
Mikael Palo
Niklas Hjertstedt
Omar D. Mohammed
Rajiv Dandotiya
Stephen Famuewa
Yasser Ahmed Mahmood
Yuan Fuqing
Adithya Thaduri (External, IIT Bombay)

Jan Lundberg, Professor
Olof Wååk, Adjunct Professor
Ulf Sandberg, Adjunct Professor
Per-Olof Larsson-Kråik, Adjunct Professor
Håkan Schunnesson, Associate Professor
Aditya Parida, Associate Professor
Behzad Ghodrati, Assistant Professor
Ramin Karim, Assistant Professor
Ulla Juntti, Assistant Professor
Rupesh Kumar, Assistant Professor
Alireza Ahmadi, Research Associate
Matti Rantatalo Research Associate
Diego Galar, Post Doctoral Fellow
Veronica Jägare, Research Engineer

Guest Faculty Members
Professor D N P Murthy, Queensland University, Australia
Professor A K S Jardine, University of Toronto, Canada
Professor A K Verma, IIT Bombay, India
Professor Jay Lee, University of Cincinnati, USA
Professor K B Misra, Editor-in-Chief, IJPE, India

Administration

Industrial
PhD Students
Dan Larsson (Damill AB)
Sten-Erik Björling (Environ Data)
Jan Block (Saab Aerotech)

Cecilia Glover, Project Administrator

Sitting (left to right)
Omar Dawood Mohammed
Thaker Nayl
Per-Olof Larsson-Kråik
Veronica Jägare
Cecilia Glover
Diego Galar
Aditya Parida
Ramin Karim

Standing 1st row (left to right)
Mohammad Obaid
Michael Palo
Yasser Ahmed
Andi Wijaya
Behjad Gohdatri
Uday Kumar
Philip Berglund
Anna Gustafson
Håkan Schunnesson
Khalid Atta
Christer Stenström
Niklas Hjertstedt

Standing 2nd row (left to right)
Stephen Famuewa
Yuan Fuqing
Alireza Ahmadi
Rupesh Kumar
Rajiv Dndotiya
Hussan Hamoodi
Jan Lundberg
Matti Rantatalo

Not in the Picture
Iman Arastehkhouy
Ulla Juntti
Ulf Sandberg
Sten-Erik Björling

Education
The Operation and Maintenance group is involved in teaching undergraduate, graduate and
postgraduate programs. Additionally, every year a good number of seminars, workshops and
Continuing Education Programs are organised for enhanced learning.

Undergraduate &
Graduate Program
Undergraduate education is one of the core activities
of the Luleå University of Technology (LTU). The
Division is involved in teaching a number of LTU’s
Engineering programs, that include courses in Operation and Maintenance, which are oﬀered to students
of Civil Engineering MSc programs, Sustainable Energy
Engineering, Mining and Geotechnical Engineering.
Basic courses are also provided in the BSc program of
Aviation Engineering. The Division also conducts
courses in Mining Equipment Engineering and Mine
Automation for the Mining Engineering students of the
University. In the last few years, the Division has also
been responsible for courses in Mine Automation and
Maintenance in the European Mining Program taught
at Helsinki University of Technology, Finland.
The following undergraduate courses are taught by the
Division of Operation and Maintenance Engineering:
- Applied Operations Research
- Condition Monitoring and Condition based Maintenance
- Maintenance Engineering and Management
- Maintenance Strategy
- Mine Automation
- Operation and Maintenance - Hydropower
- Operation and Maintenance Engineering
- Production Equipment Management
- Reliability and Maintenance

Postgraduate Program
Postgraduate studies at Luleå University of Technology
include two higher degrees: Licentiate in Engineering
and PhD in Engineering. Both degrees are awarded by
Luleå University of Technology in recognition of the
candidates’ theoretical and applied knowledge and
command of a wide range of related subjects in a given
academic discipline. Normally, it takes 4 years to
obtain a PhD degree, and approximately half that time
to obtain a Licentiate degree.
The following courses at postgraduate level are oﬀered
by the Division of Operation and Maintenance
Engineering:
- Advanced Maintenance: Theory & Application
- Applied Reliability Engineering
- Asset Engineering and Management
- Life Cycle Costing (LCC): Theory & Application
- Performance Measurement and Management
- Product Support & Industrial Services
- Research Methodology in Engineering
- Risk & Vulnerability Analysis
- Stochastic Models for Reliability Analysis and Maintenance Optimization

Doctorate Degree Awardees 2005 – 2010

Alireza Ahmadi, 2010
Aircraft scheduled maintenance
programme development: decision support
methodologies and tools.

Birre Nyström, 2008
Aspects of improving punctuality: from
data to decision in railway maintenance.

Olov Candell, 2009
Development of information support
solutions for complex technical systems
using e-Maintenance.

Stefan Niska, 2008
Measurements and analysis of electromagnetic interferences in the Swedish railway
systems.

Arne Nissen, 2009
Development of life cycle cost model and
analyses for railway switches and crossings.

Javad Barabady, 2007
Production assurance: concept, implementation and improvement.

Ambika Patra. 2009
Maintenance decision support models for
railway infrastructure using RAMS & LCC
analyses.

Ulla Espling (Juntti), 2007
Maintenance strategy for a railway
infrastructure in a regulated environment.

Thomas Åhrén, 2008
Maintenance performance indicators
(MPIs) for railway infrastructure: identification and analysis for improvement.

Aditya Parida, 2006
Development of a multi-criteria hierarchical
Framework for maintenance performance
measurement-concepts,
issues
and
challenges.
Mattias Holmgren, 2006
Maintenance-related incidents and
accidents: Aspects of hazard identification.

Rikard Granström, 2008
Management of condition information
from railway punctuality perspectives.

Ramin Karim, 2008
A service-oriented approach to
e-Maintenance of complex technical
systems.

Behzad Ghodrati, 2005
Reliability and operating environment
based spare parts planning.

Saurabh Kumar, 2008
Reliability analysis and cost modelling of
degrading systems.

Peter Söderholm, 2005
Maintenance and continuous improvement
of complex systems: linking stakeholder
requirements to the use of Built-in-Test
systems.

To see deatils please visit www.ltu.se/maintenance under Publications

Research Activities
The scope of research activities of the Division cover diﬀerent areas of engineering, basic and
applied sciences and management leading to integrated maintenance engineering solutions for
industrial problems. Over the years, the Division has developed core competence in the field of
operation and maintenance engineering and management with especial focus on Reliability,
Availability, Maintainability and Supportability (RAMS). The Division’s capability covers the Asset
Engineering & Management, Reliability and Maintainability modelling, Risk Management, Condition
Monitoring, Life Cycle Cost (LCC), Life Cycle Profit (LCP), Service and Product Support,
e-maintenance, Performance Management, etc. The Division is pro-actively working towards the
implementation of new and emerging technologies in the operation and maintenance engineering
of complex industrial systems.
The core research areas identified for strategic focus are:
RAMS
LCC/LCP
Wear & Crack modelling for Mining Mills
Lean production
Remaining Useful Life Estimation
Maintenance Decision Modelling
Condition Monitoring
eMaintenance.
During the last decade, the number of sponsored research projects in diﬀerent areas of operation
and maintenance have increased. Our research group works in a close cooperation with industry and
prominent research groups active in the field of operation and maintenance engineering worldwide. The Division undertakes and works on applied research projects as well as on high-end development and consultancy projects from industry in a routine manner.
The Division has continued to build the research programmes, adopting a distinctive interdisciplinary approach to meet short-term and long-term challenges faced by the industry and other organizations.

R&D
Program
The Division of Operation and Maintenance Engineering is currently working on diﬀerent R&D
program covering various aspects of maintenance engineering and management. The Division is
developing scientific basis to assess the contribution of maintenance towards energy eﬃcient and
sustainable systems. Currently, the main R&D activities lay emphasis on the following research
programs:
Mining
Manufacturing
Railway and

Mining

Railway
RAMS
Condition Monitoring
Data to Decision
Design for Maintenance
Remaining Useful Life

Condition Monitoring
Production Assurance
Remaining Useful Life

Manufacturing

Aviation
RAMS
Design for/out Maintenance
Remaining Useful Life

Data to Decision
eMaintenance
Maintenance Program
Development

Mining Research Program
The mining research program is dedicated to enhance the eﬀectiveness of mine production system
using new and emerging technologies. The eﬀorts are directed towards developing models that will
facilitate application of “Lean” philosophy in Swedish mining industry. At present a number of
projects are being executed in close collaboration with Boliden Mineral AB, LKAB, Vattenfall-Ringhals
AB and Metso Minerals. For mining researches, a Centre for Advanced Mining and Metallurgy
(CAMM) was established in the year 2009 at Luleå University of Technology based on strategic funds
from the Swedish government in order to carry out world class research within mining and metallurgy with focus on sustainable use of natural resources. There are six research work packages within
the framework of CAMM: Geometallurgy, Deep mining, Lean mining, Particle technology, Green
mining and Raw materials. The Division is responsible for the research in Lean mining and other
related research areas to enhance the eﬀectiveness of mine production system.

Lean Mining
For achieving lean production, all the mining processes
and systems need to communicate in real time so as to
eliminate uncertainty and address to the critical issues
and challenges often arising at short notices in a
continuously changing environment as prevelant in
mining operations.

Improvement of production availability and delivery
assurance
The research aims at developing the production
availability and production assurance models to
facilitate the correct decision making.

The plan for research development intends to take the
mining industry several steps forward in creating a
reliable robust and productive autonomous mining
system. The goal is to build a state of the art research
capability in the area of mine production system by
working on the following projects addressing the
critical issues to understand the vision of lean mining
system.

Understanding rock mass behaviour
The aim of this research is to understand and communicate rock mass behaviour in real time to the research
partners with a especial reference to interface between
rock mass/ore body and production system.
Remaining useful life
The Remaining Useful Life models of system will be
established for prediction of number of hours/days for
which, the production system, components, etc. can
run at acceptable performance level without risk.
Models for integration of organizational, human
factors and work environment perspectives
In this package the models for integration of organisational, human factors and work environment perspectives into production and technical development
processes will be developed.

Condition monitoring and prognostics for mining systems
Swedish mining industry is under immense pressure to improve its production techniques and
productivity to meet the growing market demand and competition. This has created a tremendous
demandnot only on the operational management, but also on the system and sub-systems management of the plant and machineries. Therefore, the purpose of this research is to improve the mining
production system’s eﬀectiveness through condition monitoring and prognostics for running the
plant and machineries reliably and safely till a planned maintenance stop undertakes repair or
replacement activities. In this program, two research projects are being carried out. This mining
research project is sponsored by VINNOVA.

Cost Eﬀective Maintenance Policy of an Ore Dressing
Mill
Ore grinding is the most important process of an ore
dressing plant. The wear of liners influences the performance and eﬃciency of the mill and its maintenance
leads to high downtime, which leads to heavy
monetary losses. The downtime cost during replacement and inspection is a major cost driver. An ineﬃcient maintenance policy influences both the mill
performance and the downtime. Other aspect of the
project deals with multiple replacement occasions and
corresponding losses due to diﬀerent wear life of
various parts of the mill liners. The key objective of this
project is to maximize the mill profit by optimizing the
liner replacement policy.

Monitoring of Fatigue Cracks in Rotating Mining Mill
Machineries
The project deals with mining mills which are often
subjected to fatigue crack due to prolonged rotation
under loaded conditions. Therefore, the aim of the
project is to estimate the critical time (remaining useful
life) for the cracks to reach their critical size and also to
suggest an optimal approach/method to detect cracks
in the mills.

Railway Research Program
The Railway research program is built around three keywords: Safety, Availability and Capacity. The
strategic focus of research program is to ensure increased availability, capacity and safety on the
existing network and rolling stocks by eﬀective operation and maintenance of infrastructure and
rolling stocks. The goal of Railway Research Program is to enhance the eﬀectiveness of operation and
maintenance process in a mixed traﬃc situation leading to higher availability, safety and track capacity for the existing network. Considerable research is being undertaken to study the track maintenance and renewal issues with focus on grinding, lubrication, maintenance strategies and track
degradation. Current projects are sponsored by the Swedish Transport Administration (Trafikverket),
LKAB, Alstom Transport and EU FP-7. For details please visit: www.jvtc.se

Research Areas
The research areas that are closely related to operation and maintenance of railway system have been identified for strategic focus in
research, development, competence building and networking with
other research organizations and industries. These areas are as
follows:
- RAMS (Reliability, Availability, Maintainability and Safety)
- Increased Capacity through eﬀective maintenance
- Maintenance Threshold Limits for vehicles and rails
- eMaintenance 24-7 through ICT application in Railway Maintenance

Manufacturing Research Program
InMaint Project (an SSF Proviking project)
Integrated maintenance for improved production and products
The cost of maintenance in the Swedish industry is high. Hence, it is important to increase the scientific and applied knowledge in maintenance in order to improve the competitiveness of the industry.
It is a known fact that maintenance requirements are often not considered until the late design
phase even though the worst impact on maintenance and thereby life cycle costs would come from
operational and maintenance requirements as early as possible. Maintenance issues should be
tackled at all three phases of a products life cycle, namely the Engineering Design phase, Manufacturing phase and Product Application phase. The project InMaint aims at generating a firm base for
higher productivity, lower production costs and better industrial design through scientific analysis of
industrial case studies. The Division is currently working on related projects in line with the InMaint
project. The manufacturing research program is funded by SSF and the participating companies are
Sandvik, Boliden & JAMA Mining Machines. For details please visit: www.inmaint.se

Maintenance of LHD machines with special relevance
to autonomous operation
Load Haul Dump Machines (LHDs) are used for loading
and transportation of ore/minerals in most underground mines and contribute significantly to the mining
cost. Growing complexity and automation increases the
capital cost of the equipment and calls for cost-eﬀective
operation. In an automatic system, the operator can be
taken out and by remote control a number of LHD’s, can
be operated which, in turn, increases the productivity
and the safety at the same time.
The project shall develop an approach that can help
integrate maintenance needs at the engineering design
stage using RAMS (Reliability, Availability, Maintainability and Supportability) giving cognizance to the LCC
(Life-Cycle-Cost) perspective.
Design strategies and optimum maintenance of scaling
machines
Scaling machines are typical bottle necks in the mining
industry because of the heavy duty operations that
these machines have to undertake. Thus they need a lot
of maintenance and repair and therefore there is a
need to optimize the maintenance operations to
suggest new design strategies of the scaling machines
in order to minimize the Life Cycle Costs (LCC).
The goal of the project is to increase the knowledge
regarding maintenance and design strategies of scaling
machines in order to minimize the LCC.

National Aeronautics Research Program
The availability of qualified operational data and information from the operational use of complex
aircraft system is becoming increasingly important and more valuable for both operators and suppliers of aircraft systems. An example is Airbus, which lets customers oﬀset a significant part of the cost
of support received by Airbus if they provide operational and maintenance data.
The aviation research program is dedicated to Information and Communication Technology (ICT)
application in operation and maintenance of civil and military aircraft systems. The main goal is to
enhance the competitiveness of aviation partners.
The projects aim to develop maintenance program and improve the infrastructure for data and
information exchange between operators and suppliers. This will facilitate the identification, adaptation and integration of ICT-based methods and solutions for a so-called eMaintenanceinfrastructure, enabling improved eﬃciency. Further development of primary Operational Performance Monitoring (OPM) and Life Cycle Management (LCM) in support of Performance Based
Logistic/Contracted Logistic Support (PBL/CLS) may build up dynamic maintenance schedules and
new information-based decision-support services for operation, maintenance and support. In
addition, R&D activities are also directed to improve decisions models in order to improve decision
making process throughout the aircraft life cycle. Current ongoing projects are listed below.

eMaintenance solutions for eﬀective decision-making
in maintenance
This project aims to explore and describe how the
information logistics in support of decision making can
be established. Data and information from the technical
facilities that describe state and state changes should be
gathered and presented so that decisions on necessary
measures can be taken. The project will further develop
skills and expertise in eMaintenance, at field scale in the
JAS Gripen, Saab Aerotech based on the earlier case
studies from Banverket and Vattenfall Hydropower.

Enhanced Life Cycle Assessment for Performance-Based Logistics
To improve the competitiveness of the Swedish aerospace industry it has become increasingly important to ensure
the availability and reliability of analyses based on the heterogeneous datasets that are generated during the life
cycle of airborne platforms and their support systems. This is a critical capability when oﬀering, contracting and
implementing performance-based business solutions, such as Performance-Based Logistics (PBL) and Contracted
Logistic Support (CLS). These business solutions mean that the supplier and customer relations are increasingly being
focused on the delivery of services at a fixed price based on, and evaluated by, certain key performance indicators.
Consequently, it is essential that correct information can be quickly and reliably extracted from the often “noisy” and
heterogeneous operational data to enable continuous analysis as decision-support for proactive Operational Performance Monitoring (OPM) and Life Cycle Management (LCM). Such analyses are also important for optimization of
maintenance resources during parallel phase-out and phase-in of diﬀerent versions of aircraft, rotables and support
equipment, while simultaneously ensuring the contracted availability at a reasonable Life Cycle Cost (LCC) and Life
Support Cost (LSC)."

eMaintenanceCongress

2010

One of the main objectives with eMaintenance is to align the maintenance process with the
business and operation processes to achieve organisational objectives. eMaintenance is realised in
proper information logistics by enhanced utilisation of the Information and Communication Technology (ICT). Hence, to understand the new challenges and future trends, the Division has successfully
organised the First International Congress on eMaintenance, at Luleå in Sweden from 22-24 June,
2010. Various experts from industry, research and academia from diﬀerent countries shared their
experiences and deliberated on the major issues and challenges in eMaintenance. The purpose of
congress was also to provide review of research eﬀorts on the topic covering both theoretical and
applied research that will contribute towards the understanding of the strategic role of eMaintenance in management and performance of operation and maintenance of complex systems.

Collaborative

Research Centres
The research group at the Division is closely associated with three collaborative research centres:
Centre for Maintenance and Industrial Services (CMIS), Luleå Railway Research Centre (JVTC), and
the Centre for Advanced Mining and Metallurgy (CAMM).

Centre for Maintenance and Industrial Services
(CMIS)
CMIS is a collaborative platform initiated by Luleå
University of Technology in close cooperation with
industrial partners. The business goal of CMIS is to
conduct coordinated competence development,
applied research and development work focusing on
new technology, organization and financial issues to
increase the eﬃciency and eﬀectiveness of plant,
installations, industrial services and products.
Luleå Railway Research Centre (Järnvägstekniskt
Centrum: JVTC)
JVTC is a collaborative research center at Luleå University of Technology (LTU) in Luleå, Sweden. It was established in 1999 by the former Swedish Railway Administration (Banverket), the LKAB ore transport company
(MTAB), Duroc Rail and Luleå University of Technology
amongst others.
The main purpose of the center is to co-ordinate the
railway research works being pursued at diﬀerent
Departments and Centers at the University and to
facilitate the contacts between researchers and the
railway sector in general. Through co-operation with
other centers, institutions, universities and organizations, a platform has been built for the development of
an eﬃcient and environmental friendly railway transport system.
The main focus of the Railway research Center is to
provide solutions to maintenance problems to
facilitate smooth running of railway transport system.
The center operates under the aegis of the president,
the Luleå University of Technology, Luleå, Sweden. The
center is currently headed by Prof. Uday Kumar and
funded by industry.
Centre for Advanced Mining and Metallurgy (CAMM)
CAMM is a centre of excellence in mining and metallurgy established in 2009, and funded by strategic grant
from the Swedish Government. The aim of CAMM is to
build world class research within mining and metallurgy with focus on sustainable use of natural
resources. There are six research work packages within
the framework of CAMM and our Division is responsible for work package of “Lean Production”. Other
research work packages are: Geometallurgy and 4D
Geological Modelling; Deep Mining; Particle Technology; Green Mining and Raw Materials for future iron
and steel making.

www.cmis.se
www.jvtc.ltu.se
www.camm.se

International
Research Collaboration &
Networking
To strengthen research and education stance and quality, a strong network with all related and active
research groups, nationally and internationally is essential. Keeping this in view, we have created
formal and informal networking and collaboration with research groups in the following industries
and universities outside Sweden.
Airbus, France; ALSTOM Transport, France; Birmingham University, UK; Central Queensland University at Gladstone, Australia; Helsinki University of Technology, Finland; Indian Institute of Technology
Bombay and Kharagpur, India; Kemi Tornio University of Applied Science, Finland; Queensland
University of Technology, Brisbane, Australia; Tromsö University, Norway; University of Cincinnati,
USA; University of Queensland, Australia; University of Stavanger, Norway; University of Toronto,
Canada; VTT, Helsinki, Finland.
Our Division is one of the initiating members of the European Research Network on Strategic
Engineering Asset Management (EURENSEAM).

International Workshop on International Workshop on
Maintenance Contracting Swedish Defence Logis& Outsourcing
tics & Maintenance
The seminar on maintenance contracting and outsourcing was organised in order to find out how Game Theory
can be used to manage outsourcing issues and contracting problems in the industry. The seminar was given by
three experts in the area.
1. Professor D. N. P. Murthuy, Division of Mechanical
Engineering, The University of Queensland, Australia
2. Dr. Nat Jack, Dundee Buisness School, The United
Kingdom
3. Professor Uday Kumar, Luleå University of Technology, Sweden

Prof. Murthuy giving seminar
on maintenance contracting
and outsourcing.

Dr. Nat Jack providing information on maintenance contracting and outsourcing.

An
international
seminar on Swedish
Defence
Logistics
Maintenance by the
Swedish
Defence
Forces Logistics was
organised in order to
create an entry point
for evaluating current Invited members for workshop on
state of research and defence logistics and maintenance.
knowledge in the
areas of RAMS, spare parts management, servicing &
partnering programmes, and design for maintainability
with system designers, developers and maintenance
support systems.The themes of seminar were RAMS,
LCC, Spare parts management, Contracting, products
support, service and eMaintenance.

Research Projects
On-going projects
InMaint: Integrated maintenance for improved
products and production

Link and eﬀect model of maintenance investment for
infrastructure eﬀectiveness improvement

Sponsors: Pro Viking, SSF, (Boliden, Sandvik, Contector Volvo
body & Volvo Aero)
Researchers: Uday Kumar, Håkan Schunnesson, Jan Lundberg,
Andy Wijaya & Anna Gustafson
Objective: The project aim to increase productivity, reduce
production costs and to generate valuable input for improved
engineering design of products and production
Duration: 2008 – 2012
www.inmaint.se

Sponsor: Trafikverket (the Swedish Transport Administration)
Researchers: Christer Stenström & Aditya Parida
Objective: Aim is to develop a “link and eﬀect” model to
improve the total eﬀectiveness of the maintenance system for
the railway infrastructure.
Duration: 2010 – 2013

eMaintenance infrastructure for enhanced information logistics
Sponsors: Vinnova & Saab Aerotech
Researchers: Olov Candell, Niklas Hjertstedt, Alireza Ahmadi
& Ramin Karim
Objective:The project aims to improve the infrastructure for
data and information exchange between operators and suppliers to identify, adapt and integrate ICT-based methods and
solutions for a so-called eMaintenance system.
Duration: 2009 – 2013

eMaintenance solutions for eﬀective decision-making
in maintenance
Sponsors: Swedish Railway Administration, Vattenfall Vattenkraft, Vattenfall Services & Saab Aerotech
Researchers: Niklas Hjertstedt, Olov Candell, Alireza Ahmadi
& Ramin Karim
Objective: This project aims to explore and describe how the
appropriate information logistics as support to the production
of the maintenance process can be established.
Duration: 2009 – 2013

Innovative e-Maintenance Services For Primary Industries and SMEs
Sponsors: Vinnova & Saab Aerotech
Researchers: Niklas Hjertstedt, Aditya Parida, Alireza Ahmadi
& Ramin Karim
Objective: The main objective of this research & development
proposal is to improve regional competitiveness through
networking, productivity development and research, for
creating an e-Maintenance platform in the Bothnian Arc
region for the process industries, suppliers and SMEs
Duration: 2009 – 2011

Study of Maintenance Threshold Limits
Sponsors: Trafikverket (the Swedish Transport Administration)
Researchers: Iman Arasteh khouy & Håkan Schunnesson
Objective: The outcome of this research will be in the form of
a maintenance decision support model to specify
cost-eﬀective maintenance thresholds for railway track and
wheels.
Duration: 2008 – 2012

Improvement of Railway infrastructure Capacity
through eﬀective Maintenance
Sponsor: Trafikverket (the Swedish Transport Administration)
Researchers: Stephen Famurewa, Behzad Ghodrati, Matti
Rantatalo & Uday Kumar
Objective: The main objective of this project is to develop
maintenance decision support models which will facilitate the
expansion of the railway infrastructure capacity when implemented.
Duration: 2010 – 2012

Lean Mining
Sponsor: Center of Advanced Mining and Metallurgy (CAMM)
Researchers: Uday Kumar, Behzad Ghodrati, Jing Lin, Håkan
Schunnesson, Jan Johansson, Lena Abrahamsson, Bo Johansson, Mohammed-Aminu Sanda & Eira Andersson
Objective: The goal is to build a state of the art research
capability in the area of mine production system by on the
subprojects addressing the critical issues to realise the vision
of lean mining system.
Subprojects:
- Improvement of production availability and delivery
assurance
- Understanding rock mass behavior in real time
- Models for remaining useful life of system
- Integration of work environment into production
Duration: 2010 – 2014
www.camm.se

Detection of internal flaws in railway manganese
crossings by using Synthetic Aperture Focus Technology
(SAFT)
Sponsors: Trafikverket (the Swedish Transport Administration)
Researchers: Jan Lundberg
Objective: The goal is to increase the capability to detect
internal flaws and cracks in railway manganese crossing by
means of SAFT
Duration: 2010 – 2012
Development of SVM model for reliability analysis of
railway system
Sponsors: Trafikverket (the Swedish Transport Administration)
Researchers: Yuan Fuqing & Uday Kumar
Objective: The aim of the research is to develop and demonstrate the applicability of SVM models to identify abnormal
state and indentify the onset of failures in railway infrastructure.
Duration:
2010 – 2011

Systematic decision support for more reliable railway
equipments
Sponsors: Trafikverket (the Swedish Transport Administration)
Researchers: Per-Olof Larsson-Kråik & Jan Lundberg
Objective: The objective is to improve methods for decision
support regarding optimum railway equipment investments
and to improve the methods for setting up of related specifications.
Duration: 2010 – 2013

Increased production systems eﬀectiveness through
condition monitoring and prognostics
Sponsors: Vinnova, Boliden Mineral AB, LKAB, Ringhals AB,
Metso Minerals AB
Researchers: Rajiv Dantoditya, Filip Berglund, Jan Lundberg &
Aditya Parida
Objective: The objective is to increase the knowledge
concerning optimum maintenance strategies of mill liners and
crack propagation in mill shells.
Duration: 2008 – 2012

Improvements in technical specifications and systematically evaluation of products
Sponsors: Trafikverket
Researchers: Jan Lunberg
Objective: The aim of the project is to develop new methods
for setting up of specifications for optimal selection of the
products.
Duration: 2010 – 2012

Condition monitoring of railway vehicles
Sponsors: LKAB and Trafikverket (the Swedish Transport
Administration)
Researchers: Mikael Palo, Håkan Schunnesson & Uday Kumar
Objective: The aim of the study is to develop tools and
methods for eﬀective condition monitoring of railway
vehicles.
Duration: 2008 – 2011

Developing a method for the specification and selection criteria for technical systems and equipment
Sponsors: Trafikverket (the Swedish Transport Administration)
Researchers: Jan Lundberg
Objective: The aim of the project is to develop methods to
find optimal technical specifications and optimal selection of
the products.
Duration: 2010 – 2013

AutoMain
Sponsors: EU FP7 & Trafikverket (the Swedish Transport
Administration)
Researchers: Uday Kumar, Ulla Juntti & Aditya Parida
Objective: The aim of the project is to make the movement of
freight by rail more dependable (reliable, available, maintainable and safe) in order to generate additional capacity on the
existing network.
Duration: 2011 – 2014

Some of the Completed Projects
Development and implementation of RAMS and LCC
model for railway track system
RAMS and LCC model was developed to enhance the
eﬀectiveness maintenance of railway track system.
Maintenance performance indicators (MPIs) for Swedish Rail Administration
In this project the eﬀect of maintenance activities on
punctuality, safety, environment and profitability were
analysed.
Condition based maintenance strategy for railway
systems
To increase technical and economic benefits of the
railway system using condition monitoring and condition based maintenance with focus on the rolling stock.
Improved train punctuality through improvement in
engineering systems
To improve train punctuality by the use of eﬀective and
eﬃcient maintenance technology.
eMaintenance 24/7
Applications of e-Maintenance concepts in order to
increase the technical availability and decrease operational and support costs for customer and product
support of geographically distributed aircraft systems.

LCC analysis of Switches and Collectors (S&C) in rail
track
LCC-model for a S&C was developed in order to make
decision for changes in maintenance strategy and for
making replacement of old S&C.
Maintenance strategy for railway infrastructure
A maintenance process was studied and suggested a
framework was suggested for the development of
optimal operation and maintenance strategy for Swedish rail road administration.
Maintenance related risks in Swedish railway system
To control the contracted maintenance works better
and thereby ensure safety for passengers and personnel
at the Swedish National Rail Administration (Banverket).
Development of cost-eﬀective maintenance policy for
signalling systems
Optimisation of maintenance policy of signalling
systems (Track circuit and Automatic Train Control
system) to maximise cost-eﬀectiveness.
Improved punctuality through eﬀective maintenance
management
To improve train punctuality by studying the root causes
for delay related to maintenance organizations and
operational environment, and suggests measures to
enhance the eﬀectiveness of maintenance system in
Swedish railway sector.

Publications
Journals Papers
Ahmadi, A., Gupta, S., Karim, R. & Kumar, U., 2010. Selection
of Maintenance Strategy for Aircraft Systems Using MultiCriteria Decision Making Methodologies, International
Journal of Reliability, Quality, and Safety Engineering, 17 (3),
pp. 223-43.
Ahmadi, A., Kumar, U. & Söderholm, P., 2010. On aircraft
scheduled maintenance program development. Journal of
Quality in Maintenance Engineering, 16 (3), pp. 229-55.
Ahmadi, A., Kumar, U. & Söderholm, P., 2010. Operational
Risk of Aircraft System Failure. International Journal of
Performability Engineering, 6(2), pp. 149-58.
Barabady, J., Markeset, T. & Kumar , U., 2010. Review and
discussion of production assurance program. International
Journal of Reliability, Quality, and Safety Engineering, 27 (6),
pp. 702-20.
Barabady, J., Markeset, T. & Kumar, U., 2010. A Framework for
Improvement of Production Plant Performance using Production Assurance Programs. International Journal of Systems
Assurance Engineering and Management, 1(1), pp.59-65.
Karim, R. & Parida, A., 2010. eMaintenance Readiness of
Swedish Process Industry: A Case Study. International Journal
of Condition Monitoring and Diagnostic Engineering management, 13(3) pp. 18-24.
Kumar, S., Gupta, S., Ghodrati, B. & Kumar, U., 2010. An
approach for risk assessment of rail defects. International
Journal of Reliability, Quality and Safety Engineering, 17 (4),
pp. 291-11.
Lundberg, J., Parida, A., & Söderholm, P., 2010. Running
temperature and mechanical stability of greases as maintenance parameters of railway bearings. International Journal of
Automation and Computing, 7(2), pp.1476-86.

Schunnesson, H. & Kumar, U., 2010. Automation of mine
production system: Trends in technology and ICT application.
Journal of Mines, Metals and Fuels, 58 (3-4), pp. 54-58.

Conference Papers
Ahmadi, A., Kumar, U. & Ghodrati, B., 2010. Risk based
maintenance decision for periodically tested repairable
components subject to hidden failure. In: Second International Conference on Reliability, Safety and Hazard (ICRESH
2010), December 14-16, Mumbai, India.
Ahmadi, A., Karim, R. & Barabardy, J., 2010. Prerequisites for
a Business-oriented Fleet Availability Assurance Program in
Aviation. In: First International Workshop and Congress on
eMaintenance, June 22-24, 2010, Luleå, Sweden.
Biswal, M. & Parida, A., 2010. An integrated approach for
open e-Maintenance: Opportunities and challenges. In: First
International Workshop and Congress on eMaintenance, June
22-24, 2010, Luleå, Sweden.
Camci, F. & Kumar, U., 2010. Reliability analysis of Switches
using Support Vector. In: First International Workshop and
Congress on eMaintenance, June 22-24, 2010, Luleå, Sweden.
Chattopadhyay, G. & Parida, A., 2010. Work integrated
blended learning for improvement by asset managers, In:
Twenty-third International Congress of Condition Monitoring
and Diagnostic Engineering Management (COMMADEM
2010), June- July 28-02, Nara, Japan.
Fuqing, Y. & Kumar, U., 2010. Predicting Time to Failure using
Support Vector Regression. In: First International Workshop
and Congress on eMaintenance, June 22-24, 2010, Luleå,
Sweden.

Nissen, A., Parida, A., & Kumar, U., 2010. Condition Monitoring of Railway Switches and Crossing by using Data from Track
Recording Cars. International Journal of Condition Monitoring
and Diagnostic Engineering management, 13(3) pp. 36-40.

Fuqing, Y., Kumar, U., Rocco, M., Claudio, S. & Krishna, K.B.,
2010. Complex system reliability evaluation using support
vector machine. In: Tenth International Symposium on
Stochastic Models in Reliability Engineering, Life Sciences and
Operations Management, February 8 -11, 2010, Beer Sheva,
Israel.

Nyström, B. & Söderholm, P., 2010. Selection of Maintenance
actions using analytic hierarchy process (AHP). Journal of
Structure & Infrastructure Engineering, 6(4), pp.467-79.

Fuquing, Y., 2010. Reliability analysis med Support Vector
machine. In: Sixteenth Nordic Conference on Railway
Engineering, September 14-15, 2010, Nynäshamn, Sweden.

Patra, A. P., Dersin, P. & Kumar, U. 2010. Cost eﬀective maintenance policy: a case study. International Journal of Performability Engineering, 6(5), pp.595-603.

Ghodrati, B. & Safaei, N., 2010. Maintenance workforce
management: A case study. In: First International Workshop
and Congress on eMaintenance, June 22-24, Luleå, Sweden.

Patra, A.P., & Kumar, U., 2010. Availability analysis of railway
track circuits. Journal of Rail and Rapid Transit, 224(F3),
pp.169-77.

Ghodrati, B., Banjevic, D. & Jardine, A.K.S., 2010. Developing
Eﬀective Spare Parts Estimations Results in Improved System
Availability. In: Fifty-sixth Annual Reliability and Maintainability Symposium (RAMS 2010), January 25-28, San Jose, USA.

Patra, A.P., Bidhar, S. & Kumar, U., 2010. Failure prediction of
rail considering rolling contact fatigue. International Journal
of Reliability, Quality and Safety Engineering, 17(3), pp.
167-77.

Ismail, S., Sarangi, M., Parida, A. & Kumar, U., 2010. Root
cause failure analysis of coal mill vertical shaft. In: First
International Workshop and Congress on eMaintenance, June
22-24, 2010, Luleå, Sweden.

Juntti, U., 2010. Winter ability of railway infrastructure. In:
Sixteenth Nordic Conference on Railway Engineering, September 14-15, 2010, Nynäshamn, Sweden.
Kajko-Mattson, Mira., Karim, R. & Mirijamdotter, A., 2010.
Fundamentals of the eMaintenance Concept . In: First International Workshop and Congress on eMaintenance, June 22-24,
2010, Luleå, Sweden.
Kumar, U., 2010. Increased Railway Network Capacity through
Eﬀective Maintenance. In: Sixteenth Nordic Conference on
Railway Engineering, September 14-15, 2010, Nynäshamn,
Sweden.
Larsson, M., Parida, A. & Dandotiya, R., 2010. Development of
a decision optimisation model for aircraft workshop capacity.
In: First International Workshop and Congress on eMaintenance, June 22-24, 2010, Luleå, Sweden.
Lundberg, J., 2010. Systematic method for decision support.
In: Sixteenth Nordic Conference on Railway Engineering,
September 14-15, 2010, Nynäshamn, Sweden.
Palo, M., Arasteh Khouy, I., Schunnesson, H. & Larsson, D.,
2010. Condition monitoring of train wheel wear and track
forces: A case study. In: First International Workshop and
Congress on eMaintenance, June 22-24, 2010, Luleå, Sweden.
Parida, A. & Kumar, U., 2010. Strategic issues in engineering
asset performance measurement. In: Twentieth International
Conference
&
Exhibition
on
Maintenance
(EUROMAINTENANCE 2010), 12-14 May, Verona, Italy.
Parida, A., Chattopadhyaya, G. & Kumar, U., 2010. Performance measures for Achieving asset capability improvement.
In: Twenty-third International Congress of Condition Monitoring and Diagnostic Engineering Management (COMMADEM
2010), June- July 28-02, Nara, Japan.

Keynote/invited speech
Kumar, U., 2010. Maintenance of Safety Critical Systems:
Issues Challeges and Failure Trends. In: Second International
Conference on Reliability, Safety and Hazard (ICRESH 2010),
December 14-16, Mumbai, India.

Review of Journal Papers
The faculty members of the Division are reviewers for the
following International Journals and are member of the
Editorial Advisory Board of some of the Journals listed below:
Reliability Engineering and System Safety
Journal of Quality in Maintenance Engineering
Institution of Industrial Engineers,
IEEE Transactions on Reliability
International Journal of Quality and Reliability Management
Journal of Condition Monitoring and Diagnostic Engineering
Management (COMADEM)
International Journal of Perform ability Engineering
Journal of Logistic & Computer science
International Journal of Rock Mechanics and Mining Sciences
International Journal of Mining Reclamation and Environment
Journal of Mathematical and Computer Modelling
Journal of Society for Mining, Metallurgy, and Exploration
European Journal of Operational Research
ESRA – European Safety and Reliability Association
Ergonomics

Special issue on eMaintenance
Solutions and Technologies
IJSAEM 1 (3), September 2010
Guest editors: Uday Kumar, Ramin Karim & Aditya Parida

Sahoo, T. & Parida, A., 2010. Improving Overall Equipment
Eﬀectiveness (OEE) of process plant equipments through
e-Diagnostics. In: First International Workshop and Congress
on eMaintenance, June 22-24, 2010, Luleå, Sweden.
Schunnesson, H., 2010. From data to decision. In: Sixteenth
Nordic Conference on Railway Engineering, September 14-15,
2010, Nynäshamn, Sweden.
Szymanowski, M., Candell, O. & Karim, R., 2010. Challenges
for Interactive Electronic Technical Publications in Military
Aviation. In: First International Workshop and Congress on
eMaintenance, June 22-24, 2010, Luleå, Sweden.
Söderholm, P. & Karim, R., 2010. An Enterprise Risk Management framework for evaluation of eMaintenance. In: First
International Workshop and Congress on eMaintenance, June
22-24, 2010, Luleå, Sweden.
Wijaya, A., Lundberg, J. and Kumar, U. 2010. Graphical
Method for Visualizing Machine’s Downtime. In: First International Workshop and Congress on eMaintenance, June 22-24,
2010, Luleå, Sweden.

International International Journal of System Assurance
Engineering and Management (IJSAEM) was launched as an
oﬃcial publication of the Divsion through Springer.

Some more events...
EFNMS Excellence Award for Master Thesis in Maintenance - 2010
The EFNMS (European Federation of National Maintenance Societies) award committee received 10
Masters theses for Euromaintenance 2010 and each thesis was evaluated by three independent
members of the Jury as per the evaluation format.
The thesis by Juan Francisco from Spain was announced the winner for the EFNMS Excellence
Award -2010 at Verona, Italy. His thesis proposes the design and development of the maintenance
management framework considering all related issues and techniques of maintenance engineering
and management. Mr Juan displayed a wide and in-depth knowledge on various aspects of maintenance organisation, approaches and applied technology. He also integrated various maintenance
approaches and framework to bring them under a common umbrella.
Prof. U. Kumar Chairman EFNMS Master
Thesis Award Committee, looks on the
conferment of the Best Master Thesis
Award to Juan Francisco Gomez Fernandez
at Verona, Italy.

Implementation of Integrated Vehicle Inspection
System
The aim of the project is to facilitate and establish a technology network for Integrated Vehicle Inspection System
(IVIS) based on Bilprovningen system (Swedish Vehicle Inspection Organization) between Government of Bihar,
India and Bilprovningen, Sweden for the implementation of an IVIS at Patna, Bihar, India as a pilot project. In relation
to the project, the project leader, Rupesh Kumar expressed his idea to reduce carbon emission in an acclaimed documentary “The Plan” on SVT (Swedish national television company) which went on air on 26th December, 2010.

Congratulations to...
Dr. Alireza Ahamadi
for his succesfull doctoral defence for his thesis
entitled,
“Aircraft scheduled maintenance
programme development: Decision support
methodologies and tools”.
The purpose of this study was to develop decision
support methodologies and tools for aircraft
scheduled maintenance program development
within the framework of Maintenance Review
Board (MRB).
http://pure.ltu.se/portal/files/4703084/Alireza_A
hmadi_Doc2010.pdf
At present:
Research Associate, Luleå University of Technology, Luleå, Sweden.

Dr. Per-Olof Larson-Kråik
for appointment as an Adjunct Professor
(Transport System) at Division of Operation
and Maintenance Engineering. For over ten
years, he has been working with research and
development
for
diﬀerent
railway
technical/engineering systems. This experience has given him an insight into the importance of design, operation and maintenance of
advanced integrated technical/engineering
systems.
He enjoys the creative environment that LTU
provides to wheel out future unborn new ideas
for the railway industry and to implement
innovative ideas in their operation and mainte-

Glimpses from the past...

Glimpses from the 19th International Congress on Condition Monitoring and Diagnostic Engineering Management (COMADEM),
held in Luleå, 12-15 June 2006, organized by the Division of Operation and Maintenance Engineering. It was a unique assembly of
experts from industry, practicing managers, researchers and academia from more than 40 countries around the world.

Keynote speakers at Pan Arab Maintenance Congress at
Riyadh, Saudi Arabia.

Participants at Railway workshop conducted by the Division at
Iranian Railway Company, Tehran, Iran.
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