
A n n u a l  R e p o r t  2 0 1 2A n n u a l  R e p o r t  2 0 1 2

Operation &
Maintenance

Engineering
Academics & Research ac vi es

University 
Technology Centre



I am also pleased to report that our much awaited proposal to start a Bachelor and Masters 
Programme in Maintenance Engineering has received a posi ve response from the University Manage-
ment, and the first batch of Bachelor students in Maintenance Engineering will commence their under-
graduate studies in the autumn of 2013.  Moreover, I am pleased to announce that our much-talked 
eMaintenance Lab is func onal, while our Condi on-Based Maintenance Lab will be ready for use by 
this autumn. 

Our efforts of the past few years have established us as leading and a rac ve partners for EU  Frame-
work Programmes. Currently we are involved in 8 research projects within EU FP 7 under different 
programmes.
 
In addi on, during 2012 a number of industry-relevant workshops, seminars and courses were organ-
ized. We organized the 2nd Interna onal Workshop & Congress on eMaintenance, where  industrial 
organiza ons like Boeing, Airbus, SAAB, Trafikverket, LKAB, etc., along with researchers and govern-
ment agencies interested in the e-business of asset management, par cipated and interacted with 
each other to share and enrich their experiences. All these ac vi es were organized and coordinated 
from our two Centres of Excellence, namely Luleå Railway Research Center (JVTC) and the Centre for 
Maintenance and Industrial Services (CMIS). Our achievements and growth since our establishment 
provide us with confident and confirm confirma on that we are on the right track. 

As in the past, our efforts have been coordinated to secure a sustainable financial pla orm to allow our 
basic and theore cal research to con nue, and to provide a base for our applied and industrial 
research to achieve high quality. 
 
I must convey my sincere gra tude to all my colleagues at Division of Opera on and Maintenance 
Engineering for their commitment and effort as a team, and to our partners from industry and the 
University Management for their con nuous support and guidance. 

It gives me immense pleasure to present the annual report for the year 2012. 

Dr Uday Kumar                February 20, 2013 
Professor and Head,  
Division of Opera on & Maintenance Engineering  

“.......Our achievements and growth since our 
establishment provide us with confidence and 
confirm that we are on the right track....”

The Division of Opera on and Maintenance Engineer-
ing at Luleå University of Technology has been 
successful in establishing itself globally as a leading 
research and academic group, even though it repre-
sents a rela vely young academic discipline. This is 
confirmed by the establishment of the SKF-UTC 
(University Technology Centre) in Advanced Condi-

on Monitoring at Luleå University of Technology, 
whose Research and Innova on Programme our 
group is closely associated with, in areas related to 
our core competence. 
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g The Division of Opera on and Maintenance Engineering was established in the 
year 2001. Since then, the Division has progressed a long way towards establishing 
itself as a pioneer research group in the field of opera on and maintenance 
engineering. With the increasing awareness that maintenance ensures safe and 
sustainable performance and creates added value in the business process, indus-
tries have started considering maintenance as an integral part of the business 
process while applying a holis c view of the asset engineering and management. 

The subject area of Opera on and Maintenance Engineering is mul disciplinary in 
nature, transcending the boundaries separa ng many disciplines of science and 
arts. Keeping this in mind, the ac vi es of the Division are aligned towards finding 
synergies with other engineering disciplines and building networks with many 
ac ve research groups, locally and worldwide. The year 2012 is also important in 
the sense that Division got permission to start a Bachelor Programme in Mainte-
nance Engineering. The Division has  been successful in a rac ng research grant 
from EU leading to 8 projects with FP7 program. The Division has also launched an 
Interna onal Journal of System Assurance Engineering and Management with 
Springer. The establishment of SKF - University Technology Center for advanced 
condi on monitoring has provided the Division with much needed pla orm for the 
development of predic on technology.

The Division of Opera on and Maintenance Engineering during the 10 years of its 
existence has grown in size. By the end of the year 2012, the Division has 23 faculty 
Engineering staffs, 7 guest professors and 25 PhD students (including industrial and 
external PhD students). 



EEducation
The Opera on and Maintenance group is involved in teaching undergraduate, graduate and 
postgraduate programs. Addi onally, every year a good number of seminars, workshops and 
Con nuing Educa on Programs are organised for enhanced learning.

Board of Engineering Faculty, Luleå University of 
Technology has approved a much awaited Bachelor of 
Engineering Programme in Maintenance. The 
Programme will be of three years dura on from 2013 
with a possibility to extend another two years for 
Masters Programme.

The Division is involved in teaching a number of LTU’s 
Engineering programs that include courses in Opera-

on and Maintenance, which are offered to students 
of Civil Engineering MSc programs, Sustainable Energy 
Engineering, Mining and Geotechnical Engineering.  
The Division also conducts courses in Mining Equip-
ment Engineering and Mine Automa on for the 
Mining Engineering students of the University. In the 
last few years, the Division has also been responsible 
for courses in Mine Automa on and Maintenance in 
the European Mining Program taught at Aalto Univer-
sity of Technology, Finland.

The following undergraduate courses are taught by the 
Division of Opera on and Maintenance Engineering: 
-   Applied Opera ons Research
-  Condi on Monitoring and Condi on based Mainte-
nance
-  Maintenance Engineering and Management 
-  Maintenance Strategy 
-  Mine Automa on
-  Opera on and Maintenance - Hydropower
-  Opera on and Maintenance Engineering
-  Produc on Equipment Management
-  Reliability and Maintenance
-  Human Factors in Maintenance

Postgraduate studies at Luleå University of Technology 
include two higher degrees: Licen ate in Engineering 
and PhD in Engineering. Both degrees are awarded by 
Luleå University of Technology in recogni on of the 
candidates’ theore cal and applied knowledge and 
command over a wide range of related subjects in a 
given academic discipline. Usually, it takes 4 years to 
obtain a PhD degree, and approximately half that me 
to obtain a Licen ate degree. 

The following courses at postgraduate level are offered 
by the Division of Opera on and Maintenance 
Engineering:

-  Advanced Maintenance: Theory & Applica on
-  Applied Reliability Engineering
-  Asset Engineering and Management
-  Life Cycle Cost (LCC): Theory & Applica on
-  Performance Measurement and Management
-  Product Support & Industrial Services
-  Research Methodology in Engineering
-  Risk & Vulnerability Analysis
-  Stochas c Models for Reliability Analysis and Mainte-
nance Op miza on
-  Advanced Reliability Engineering
-  Founda on of Fuzzy Set and Fuzzy logic with Applica-

ons

Undergraduate Programme
 (Bachelor of Engineering in Maintenance) 

Graduate Courses

Postgraduate Programme

Operation & Maintenance Engineering
           



Research Activities

  RAMS, LCC/LCP 
  Condi on Monitoring
  Remaining Useful Life Es ma on
  Maintenance Decision Modelling
  Diagnos c & Prognos c
  eMaintenance & Informa on Logis cs
                Maintenance Performance Measurement and Management
 Human Factors in Maintenance

The scope of research ac vi es of the Division cover different areas of engineering, basic and 
applied sciences and management leading to integrated maintenance engineering solu ons for 
industrial problems. Over the years, the Division has developed core competence in the field of 
opera on and maintenance engineering and management with especial focus on “Reliability, Avail-
ability, Maintainability and Supportability” (RAMS). The Division’s capability covers the Asset 
Engineering & Management, Reliability and Maintainability modeling, Risk Management, Condi on 
Monitoring, Life Cycle Cost (LCC), Life Cycle Profit (LCP), Service and Product Support, 
e-maintenance, Performance Measurement & Management, etc. The Division is pro-ac vely work-
ing towards the implementa on of new and emerging technologies in the opera on and mainte-
nance engineering of complex industrial systems.
The core research areas iden fied for strategic focus are:

During the last decade, the number of sponsored research projects in different areas of opera on 
and maintenance has increased significantly. Our research group works in a close co-opera on with 
industries and prominent research groups ac ve in the field of opera on and maintenance engineer-
ing world-wide. The Division undertakes and works on applied research projects as well as on high-
end development and consultancy projects from industry in a rou ne basis.

The Division has con nued to build the research programmes, adop ng a dis nc ve interdisciplinary 
approach to meet short-term and long-term challenges faced by the industry and other organiza-

ons. The research ac vi es are focused in integra on of maintenance issues and design phase. 
The list of on-going projects are men oned at the end of this report.



The research and development (R&D) program of the Division is working on different R&D program 
covering various aspects of maintenance engineering and management. Currently, the R&D ac vi-

es lay emphasis on the following research programs are: 
    Mining 
    Manufacturing 
    Railway  
    Avia on and
    Human Factors

Division’s different research & development program

R&D
Program

Div. of Opera on 
& Maintenance Engineering
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Human Machine Interface

Mining Manufacturing Railway Aviation Human Factors





Mining Research Program
The mining research program is dedicated to enhance the effec veness of mine produc on system using 
new and emerging technologies. The efforts are directed towards developing models that will facilitate 
applica on of “Lean” philosophy in Swedish mining industry. At present a number of projects are being 
executed in close collabora on with Boliden Mineral AB, LKAB 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, Par cle 
technology, Green mining and Raw materials. The Division is responsible for the research in Lean mining and 
other related research areas to enhance the effec veness of mine produc on system. This research program 
are based on the  key research such as RAMS, LCC, condi on monitoring, decision support, human factors 
and others.

For achieving lean produc on, all the mining processes 
and systems need to communicate in real me so as to 
eliminate uncertainty and address to the cri cal issues 
and challenges o en arising at short no ces in a 
con nuously changing environment as prevalent in 
mining opera ons.
The plan for research development intends to take the 
mining industry several steps forward in crea ng a 
reliable robust and produc ve autonomous mining 
system. The goal is to build a state of the art research 
capability in the area of mine produc on system by 
working on the following projects addressing the 
cri cal issues to understand the vision of lean mining 
system.

Reliability and life cycle cost analysis of mining drilling 
machine
 
This main aim of this research is to reduce down me of 
drilling machines which are used in underground mines. 
Log-log diagram with confidence interval was used as 
visualiza on method to specify which kind of problems 
affec ng the machine's down me. Selec ng suitable 
strategies “design for maintainability and/or design for 
reliability” will help engineers in taking decisions in 
order to reduce machine's down me. The researchers 
provided new sugges ons to improve reliability of 
many components of the drilling machine which is 
suffering from frequent failures

Rock and Machine Interface

The objec ve of this project is to understand and 
communicate rock mass behavior in real me with a 
special reference interface between rock mass/ore 
body and produc on machines. The idea is to evaluate 
the geo-mechanical proper es of the rock mass by 
using Measurement While Drilling parameters in large 
scale open pit mine. Primarily, large volumes of drilling 
parameters from open pit mine are being extracted by 
using data mining process in MATLAB. It helps to corre-
late accurate borehole posi on in a specific bench and 
corresponding drilling parameters such as penetra on 
rate, feed force, rota on speed, flush flow, rota on 
torque and specific energy. 

Blast Hole Drilling

Remaining Useful Life Es ma on of Mining Machinery

The modern mining industry uses large and heavy-duty 
equipment that work around the clock in highly 
abrasive environments. The main focus of the present 
research is on finding the remaining useful life of the 
liners with respect to the remaining height and volume 
of the liners. For doing so, ar ficial neural network 
(ANN) has been applied. Inputs of this network are ore 
type, ore feed ,power , sped , torque, load, grinding 
energy, running me , water addi on, while output are 
height and remaining volume of the liners. ANN 
predicts the height and remaining volume of the liners 
with rela ve error less than 10%.



Swedish mining industry is under immense pressure to improve its produc on techniques and 
produc vity to meet the growing market demand and compe on. This has created a tremendous 
demand not only on the opera onal management, but also on the system and sub-systems manage-
ment of the plant and machineries. Therefore, the purpose of this research is to improve the mining 
produc on system’s effec veness through condi on monitoring and prognos cs for running the 
plant and machineries reliably and safely ll a planned maintenance stop undertakes repair or 
replacement ac vi es. In this program, two research projects are being carried out and sponsored 
by VINNOVA.  

Gear tooth crack detec on using dynamic simula ons 
and vibra on measurements

Fault diagnosis using vibra on analysis is considered as an 
efficient tool for detec ng the faults or damages exis ng 
in gears, and then giving a warning as early as possible. 
When an extreme stress concentra on is produced in the 
engaged tooth, a crack may ini ate and start propaga ng 
during opera on. Therefore, for condi on monitoring 
purposes, the status of the tooth damage can be evalu-
ated by the reduc on in the me-varying gear mesh 
s ffness. This reduc on in the mesh s ffness affects the 
gear’s dynamic behaviour, and then the generated vibra-

on. Some previously applied methods can be used for 
mesh s ffness calcula on, FEM can also be applied for 
modelling a cracked gear tooth and then calcula ng the 
mesh s ffness efficiently. Vibra on signal carries a lot of 
useful informa on which can be used for condi on moni-
toring purposes. Signal processing techniques in me and 
frequency domains is usually performed to detect the 
faults from the obtained signal

Remaining useful life predic ons of rota ng grinding mills 
The project deals with mining mills which are o en subjected to fa gue crack due to prolonged 
rota on under loaded condi ons. Therefore, the aim of the project is to es mate the cri cal me 
(remaining useful life) for the cracks to reach their cri cal size and also to suggest an op mal 
approach/method to detect cracks in the mills.           

Finite Element Model of Mill

Cracked gear tooth modelling using FEM

Condition Monitoring & Prognostics 
for Mining Systems



Manufacturing Research Program

The cost of maintenance in the Swedish industry is high. Hence, it is  important to increase the scien-
fic and applied knowledge in maintenance in order to improve the compe veness of the industry. 

It is a known fact that maintenance requirements are o en not considered un l the late design 
phase even though the worst impact on maintenance and thereby life cycle costs would come from 
opera onal 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, Manufac-
turing phase and Product Applica on phase. The project InMaint aims at genera ng a firm base for 
higher produc vity, lower produc on costs and be er industrial design through scien fic 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 par cipa ng companies are 
Sandvik, Boliden & JAMA Mining Machines. For more details please visit: www.inmaint.se 

Maintenance of LHD machines with special relevance 
to autonomous opera on
Load Haul Dump Machines (LHDs) are used for loading 
and transporta on of ore/minerals in most under-
ground mines and contribute significantly to the mining 
cost. Growing complexity and automa on increases the 
capital cost of the equipment and calls for cost-effec ve 
opera on. In an automa c system, the operator can be 
taken out and by remote control a number of LHD’s, can 
be operated which, in turn increases the  produc vity 
and the safety at the same me. The objec ve of this 
research is to analyse and compare automa c and 
manual opera on of LHD machines regarding: 
• Cost produc vity
• Produc on capacity
• Safety
•Maintenance need and costs including system 
availability.

InMaint  (an SSF Proviking project) 
Integrated maintenance for improved production and products



Railway Research Program

The strategic focus of railway research program is to develop new tools, methods and models that will facilitate innova-
ve solu ons to railway problems related to railway system. This research program is based on three  significant key 

areas:  Availability, Capacity and Safety. The strategic focus of research program is to ensure increased availability, capac-
ity and safety on the exis ng network and rolling stocks by effec ve opera on and maintenance of infrastructure and 
rolling stocks. The goal of Railway Research Program is to enhance the effec veness of opera on and maintenance 
process in a mixed traffic situa on leading to higher availability, safety and track capacity for the exis ng network. 
Considerable research is being undertaken to study the track maintenance and renewal issues with focus on grinding, 
lubrica on, maintenance strategies and track degrada on. Current projects are sponsored by the Swedish Transport 
Administra on (Trafikverket), LKAB, Alstom Transport and EU FP-7. There are about 15 R&D projects are in progress 
within the framework related to maintenance. For more details please visit: www.jvtc.ltu.se 

Research  Areas 
The research areas that are closely related to opera on 
and maintenance of railway system have been iden fied 
for strategic focus in research, development, compe-
tence building and networking with other research 
organiza ons and industries. These areas are as follows:

- RAMS (Reliability, Availability, Maintainability and      
Safety)
-  Increased capacity through effec ve maintenance
-  Maintenance threshold limits for vehicles and rails
-  eMaintenance 24-7 through ICT applica on in railway     
maintenance
-  Human factors in maintenance process

Link and Effect model

The aim of the study is to develop a link and effect 
model to improve the total effec veness of the mainte-
nance system for railway infrastructure. The link and 
effect model is a performance measurement system 
that combines performance measurement and 
engineering principles for proac ve management of 
physical assets.

Integrated Reliability Analysis for Maintenance Strate-
gies Op miza on

Currently, the railway industry does not have a flexible 
decision support strategy for maintenance strategies 
op miza on due to three defects in reliability studies: 
1) Small sample data for analysis;2) Incomplete data 
set;3) Complex opera onal environments. This study 
aims to develop new models for integrated reliability 
analysis, by which to support decision making on main-
tenance strategies op miza on.

Opera onal risk per railway zone from Kiruna city (kmb) to the 
Norwegian border (Rgn). Risk =  . α = infrastructure failures, β 
= train delay, γ = maintenance me and l = track length. 
Numbers of switches and crossings are within parenthesis. 
KPIs = Key performance indicators.

Op mal Methods för Innova ve Product Develop-
ment and Decision Support (Op Krea)

Switches and crossings are used for re-direc ng the 
train onto another track and are located at railway 
sta ons as well as throughout the railway network. It is 
of interest to develop turnout designs and maintenance 
procedures that minimize the risk of faults. A smooth 
passage and less wear of train and turnout can also be 
accomplished by suitable measures. Due to its 
advanced structure and importance in the railway 
network, the turnout has been chosen as the study 
object in Op Krea.



Aviation Research Program

Aircra  Maintenance Programme Development
The development of aircra  maintenance programme is 
a challenging task. The purpose of this research program 
is to develop decision support methodologies and tools 
for aircra  scheduled maintenance programme develop-
ment which will facilitate decision making in mainte-
nance to achieved  high level of safety and aircra  
availability in cost effec ve  way. The avia on program is 
dedicated to RAMS, Data Mining and informa on 
logis cs in avia on context. 

eMaintenance solu ons for effec ve decision-making 
in maintenance
This project aims to explore and describe how the 
informa on logis cs in support of decision making can 
be established. Data and informa on from the technical 
facili es that describe state and state changes should 
be gathered and presented so that decisions on neces-
sary measures can be taken. The project will further 
develop skills and exper se in eMaintenance, at field 
scale in the JAS Gripen, Saab Aerotech based on the 
earlier case studies from Banverket and Va enfall 
Hydropower. 

eMaintenance infrastructure for enhanced informa-
on logis cs

The project aims to develop maintenance program and 
improve the infrastructure for data and informa on 
exchange between operators and suppliers. This will 
facilitate the iden fica on, adapta on and integra on 
of ICT-based methods and solu ons for  
eMaintenance-infrastructure, enabling improved 
efficiency. 

Cost Rate vs Inspec on Cycles for different values of 
reliability and cost parameters under the Failure 
Finding Inspec on and one Restora on

Enhanced Life Cycle Assessment for Performance-Based Logis cs 
To improve the compe veness of the Swedish aerospace industry, it has become increasingly important to ensure the 
availability and reliability of analyses based on the heterogeneous data sets that are generated during the life cycle of 
airborne pla orms and their support systems. The purpose of this research programme is to develop methodologies, tools 
and models to facilitate implementa ons of performance based logis cs (PBL) concepts in maintenance with cost effec ve-
ness.



Human Factors Research Program

The Division has initated Human Factors research program  in order to gain knowledge of human 
factors related issues & challanges in the Railway Maintenace. The overall purpose of this program is 
to help the Swedish railway sector to increase their compe veness by improving maintenance 
work processes, safety and the reduc on of human error/or failure during maintenace ac ivi es 
through the implementa on of human factors principles. The fundamental goal of the human factor 
is that all man-made tools, device, equipment, machines, and environment should advance, directly 
or indirectly, the safety, well-being, and performance of humans. Various case studies will be carried 
out in order to achieve the program’s goal.

Types of human failure 

Human Failure

Error Non-
Compliance

Ac on Error Thinking Error

Ac on-Based
Slip

Ac on-Based
Lapse

Rule-Based
Mistake

Knowledge-Based
Mistake

Situa onalRou ne Excep onal

DeliberateInadvertent

Ac on Not as Planned Ac on as Planned

Viola ons

Effec ve Maintenance Execu on with Human Factor Interven ons

 The main objec ve of the project is to develop and implement human factor guidelines for effec ve railway maintenance. 
The sub goal is to develop guidelines for improving performance shaping factor for railway maintenance and to apply the 
concept of virtual/augmented reality for railway maintenance tasks.



Collaborative 
Research Centres

The research group at the Division is closely associated with three collabora ve research centres:  
Centre for Maintenance and Industrial Services (CMIS), Luleå Railway Research Centre (JVTC), the 
Centre for Advanced Mining and Metallurgy (CAMM) & SKF University Technology Centre (UTC)

Luleå Railway Research Centre 
(JVTC) 
www.jvtc.ltu.se

JVTC is a collabora ve research center at Luleå Univer-
sity of Technology (LTU) in Luleå, Sweden. It was estab-
lished in 1999 by the former Swedish Railway Adminis-
tra on (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, research centers at the University and to 
facilitate the contacts between researchers, companies 
and the railway sector in general. Through 
co-opera on with other centers, ins tu ons, universi-

es and companies, a pla orm 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 solu ons 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.  

On the 12th of April 2012, Dr. Jaime Tamarit, Director of Railway 
Research Laboratory CEDEX in Spain, signed an agreement with 
JVTC for further collabora ons. CEDEX is a public body which 
belongs to the Ministry of Infrastructure in Spain. CEDEX are 
mainly working in the field of railway signaling where the 
Railway Interoperability Laboratory plays a relevant role as 
cer fier of railway equipment as eurobalises. 

Luleå Railway research centre organiza onal structure

Luleå Railway research centre Engineering and Management 
programs

Dr. Jaime Tamarit, Director of Railway Research 
Laboratory CEDEX  along with Rune Lindberg, 
Chairman, Luleå Railway Research Centre 



CMIS is a collabora ve pla orm ini ated by Luleå 
University of Technology in close coopera on with 
industrial partners. The business goal of CMIS is to 
conduct coordinated competence development, 
applied research and development work focusing on 
new technology, organiza on and financial issues to 
increase the efficiency and effec veness of plant, instal-
la ons, industrial services and products. CMIS under-
took various ac vi es to promote dialogue and interac-

on in an effort to understand the engineering support 
requirements of industry. CMIS organized many 
seminars and workshops for this purpose. Leading 
professors and expert from Canada, Australia, and India 
delivered interac ve lectures for the benefit of our 
industrial partners. Open-dialogue on various industrial 
issues and challenges was undertaken in the work-
shops, followed by the seminars, which provided an 
opportunity to understand the industrial perspec ve for 
ini a ng joint research projects. Today, CMIS has more 
than 15 industrial partners.

Centre for Maintenance and 
Industrial Services (CMIS) 
www.cmis.se

Centre for Advanced Mining and 
Metallurgy (CAMM) 
www.camm.se

CAMM is a centre of excellence in mining and metal-
lurgy 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 frame-
work of CAMM and our Division is responsible for work 
package of “Lean Produc on”. Other research work 
packages are: Geometallurgy and 4D Geological Model-
ling; Deep Mining; Par cle Technology; Green Mining 
and Raw Materials for future iron and steel making. 

CMIS organiza onal structure

CAMM: Na onal centre of excellence and an interna onal 
node for ”triple helix”- research.



The importance of condi on monitoring (CM) in combi-
na on with sound knowledge about the science of 
diagnos cs and prognos cs is well recognized by every-
one engaged in the business of maintenance.  However, 
the science associated with predic on technologies is 
s ll evolving and is a topic of current interest among 
many of the worlds leading research  groups . The 
contribu on of the researchers at LTU in this direc ons 
is well recognized. Keeping that in mind SKF manage-
ment took decision to establish one of its SKF - UTC at 
Luleå University dedicated to the development of New 
genera on of CM Technologies in combina on with 
tools and methodologies for  diagnos cs and prognos-

cs in real me. The goal is to develop robust and 
reliable models for predic on of Remaining useful Life 
of bearings and other industrial machines using state of 
the art CM and Predic on Technologies in real me. 

SKF University Technology Center (UTC)
Advanced Condition Monitoring

The Centre aims to deliver ground-breaking, industry-focused 
research on advanced condi on monitoring, a core area for 
both SKF and Luleå University. Ini ated in January 2011, the 
UTC is a cross-func onal collabora on between three research 
groups at the university: Machine Element, Embedded Internet 
Systems Lab and Opera on and Maintenance Engineering.Johan Sterte, Vice Chancellor LTU with Tom Johnstone, 

President & CEO, SKF AB during inaugral func on of SKF-LTU 
University Technology Center.   

Tom Johnstone, President & CEO, SKF AB,  Prof. Uday Kumar,   & 
Matz Engman, CEO Luleå Business Agency, during inaugral 
func on of SKF-LTU University Technology Center.    

Johan Sterte, Vice Chancellor LTU, Tom Johnstone, President & CEO, SKF 
AB, Anders Kitok, Director LKAB, Allan Begg, Director SKF, R&D, Vartan 
Vartanian, President SKF Service Division along with other dignitries 
and staff of LTU during inaugral func on of SKF-LTU University Technol-
ogy Center.    



eMaintenance research at the Division of Opera on and 
Maintenance focuses on the development of solu ons 
through fusion of new and emerging technologies and 
methodologies incorpora ng a range of areas (e.g. 
informa on logis cs, data mining, so ware engineering, 
data warehousing, context management and internet 
technology) to make the maintenance process effec ve & 
efficient. To facilitate R&D ac vi es, a eMaintenance lab 
has been established at the Division.

Maintenance Research 
Laboratories

eMaintenance Lab Railway Research Station 
Field Laboratory
In 2006, JVTC with close coopera on with Damill AB, a 
satellite company to JVTC established a measurement 
sta on located at Sävast 30 km north-west of Luleå on a 
Boden to Luleå track sec on, on the Iron Ore Line. The 
measurement sta on is equipped with instrumenta on 
to measure forces which are induced by the vehicles on 
the track; data is stored in their computer system.  The 
measurements automa cally starts when ever a train 
passes the sensors, located on the rail. The sensors 
provide the stakeholder with separa on of ver cal and 
lateral forces. In addi on, accelerometer is used to 
measure vibra on in the rail when train passes. 

The Division of Opera on & Maintenance Engineering has established eMaintenance and Condi on 
Based Maintenance Lab. Besides these two lab the Division is also responsible for opera on of Luleå 
Railway Research Field Laboratory and Wheel Profile Measurement Sta on. 

Condition Based 
Maintenance Lab (CBM 
Lab)

This CMB laboratory is established in spring 2013, and an 
expansion is planned in the near future. The focus is 
experimental research on condi on monitoring of all types 
of machines. Today the lab is equipped with a realis c 
model railway set up including turnouts, wagons, locomo-

ves, signaling system and electric contact wires, with 
condi on monitoring of the track geometry by means of a 
wireless accelerometer. This set up will make it possible to 
measure the condi on of the rail and by proper scaling 
come up to indica ons that can be of use for real tracks. 
The Lab also has a two stage gear test rig which is used in 
a research project regarding crack propaga on in gears. 
The lab will also be used for educa on purpose. The direc-
tor of the Lab is Professors Jan Lundberg.

Wheel Profile 
Measurement  Station
Trafikverket and LKAB have installed the first and 
only high speed Wheel Profile Measurement 
System (WPMS) for railway vehicles in October 
2011. The equipment is installed in the northern 
part of Sweden in Sunderbyn, close to Luleå. This 
railway sec on “The Iron Ore Line” (Malmbanan) is 
the only Scandinavia Heavy Haul track. This is a 
project to improve the maintenance of both rolling 
stock and infrastructure. 

The informa on generated is collected by the 
e-maintenance personnel at Luleå Railway 
Research Centre (JVTC). The measurements is being 
used to diagnose the condi on of the wheel and 
rail, and to further op mize their maintenance.



Conferences,Workshops & Visits

The 2nd interna onal workshop and congress on eMain-
tenance; eMaintenance 2012, was organized by the 
Division of Opera on and Maintenance during 12-14 
December 2012 at Cultural House in Luleå, a er the 
successful conduct of the First Interna onal Congress 
eMaintenance 2010, which was organized in 2010. The 
Division has taken the unique leadership to organize 
Interna onal Congress on eMaintenance in the academic 
world. The theme of the Congress was: Trends in 
technologies & methodologies, challenges, possibili es 
and applica ons. 

The Congress was sponsored by Industry partners like; 
LKAB, Va enfall, Trafikverket, SAAB, besides Center of 
Maintenance and Industrial Support (C-MIS), Luleå 
Railway Research Center (JVTC) and Process IT Innova-

ons. The Congress was well represented from Industry 
and Academia with 125 par cipants. There were key note 
speakers from academia and global leading industries. 
The workshops on Process industry, Avia on and Railway 
provided an excellent pla orm for the par cipants to 
interact and learn the best prac ces. 

17th Nordic Seminar on Rail-
way Technology, 
October 3-4 , 2012, Stockholm

Researchers from the division of Opera on and Maintenance 
par cipated in the seminar held outside Stockholm, that 
gathered par cipants from the Nordic countries that are ac ve 
in the railway field, for instance from universi es, ins tutes, 
authori es, manufacturers, operators, maintenance compa-
nies, and consultancies. Topics presented and discussed 
comprised both infrastructure and vehicle issues, and all the 
phases of design, opera on and maintenance. 

International

 eMaintenance Congress  2012
             December 12 -14, 2012, Luleå, Sweden

Prof. Uday Kumar giving Inaugural speech during eMainte-
nance Conference at Luleå.

Par cipants a ending eMaintenance Conference at Luleå.

Visit to Hydropower  
Stations at Akkasts, 
April, 17-18, 2012

LTU and Interna onal Exchange students visited Hydropower sta ons at 
Akkasts, Porjus and had the opportunity to run the training hydropower unit 
at Porjus to have hands-on experience. 



International
Research Collaboration & 
Networking

To strengthen research and educa on stance and quality, a strong network with all related and ac ve 
research groups, na onally and interna onally is essen al. Keeping this in view, we have created 
formal and informal networking and collabora on with research groups in the following  universi es 
and industries outside Sweden. 

Universi es: Aalto University of Technology, Finland; Birmingham University, UK; Central Queens-
land University at Gladstone, Australia; Indian Ins tute of Technology (IIT) Bombay and  Kharagpur, 
India; Kemi Tornio University of Applied Science, Finland; Queensland University of Technology, 
Brisbane, Australia; Tromsö University, Norway; University of Cincinna , USA; University of Queens-
land, Australia; University of Stavanger, Norway; University of Toronto, Canada; VTT, Helsinki, 
Finland; University of Valencia, Spain.

Industries: Airbus, France; ALSTOM Transport, France; 
Our Division is one of the ini a ng members of the European Research Network on Strategic 
Engineering Asset Management (EURENSEAM). 

Within the framework of MoU signed between Luleå 
Railway Research Center and Centre for Railway 
Engineering, Central Queensland University (CQU), 
researchers from both Universi es are encouraged to 
undertake research work in the area of Rail curve 
lubrica on.

Central Queensland 
University

Center for Intelligent
Maintenance System

The Div. of Opera on & maintenance Engineering is 
having close collobora on in maintenance area with the 
Center for Intelligent Maintenance Systems at Univer-
sity of Cincinna , USA. In order to strengthen the 
collobora on, University of Cincinna  has appointed 
Prof. Uday Kumar as a Guest Professor. Professor Jay 
Lee, Director IMS is also appointed as a visi ng Guest 
Professor at the Division of Opera on & Maintenance 
Engineering, Luleå University.

Professor Pra Murthy from the University of Queens-
land, Brisbane, Australia is a Guest Professor at the 
Division of Opera on & Maintenance Engineering, 
Luleå Universit. He has been ac vely par cipa ng in 
teaching post graduate courses and conduc ng work-
shops and seminars since the year 2009.

University of Queensland 
Australia

The Division of  of  are having close collobora on into 
the area of reliability engineering, opera on and main-
tenance management with the faculty at IIT Bombay. In 
rela on to this, Prof. A. K. Verma is a Guest Professor at 
the  Division. 

IIT Bombay, India



Doctorate & 
Licentiate Degree Awardees 

Yuan Fuqing, was awarded Doctorate of Philosophy. The tle of his thesis 
is “Failure diagnos cs using support vector machine”.  Failure diagnos cs 
is an important part of condi on monitoring aiming to iden fy incipient 
failures in early stages. Accurate and efficient failure diagnos cs can 
guarantee that the operator makes the correct maintenance decision, 
thereby reducing the maintenance costs and improving system availabil-
ity. 
Download complete thesis at:
 h p://pure.ltu.se/portal/files/34358469/Yuan_Fuqing.pdf 

Andi Rahadiyan Wijaya, presented his Doctorate thesis on “Methods for 
Availability improvements of a Scaling Machine System”. The purpose of 
his research is to develop methods that can be used to iden fy availabil-
ity related problems and improving the availability of the scaling machine 
system in a cost effec ve way. 
Download complete thesis at: 
h p://pure.ltu.se/portal/files/36660666/A.R._Wijaya_II.Komple .pdf

Christer Stenström presen ng his licen ate thesis on “Link and effect 
model for performance improvement of railway infrastructure”. In this 
research, a link and effect model for performance improvement of 
railway infrastructure is developed. It provides a con nuous methodol-
ogy for breaking down objec ves into opera onal requirements and 
linking them to results, using performance indicators, and algorithms 
for data analysis and simula on, for decision support.
Download complete thesis at: 
h p://pure.ltu.se/portal/files/39803508/Christer_Stenstr_m.pdf

Rajiv Dando ya, presented his Doctorate thesis on “Decision Support 
Models for the Maintenance and Design of Mill Liners”. The research 
presented in this thesis has used a systema c evalua on approach and 
pair-wise comparison methods for selec on of the op mum wear meas-
urement method for mill liners. 
Download complete thesis at: 
h p://pure.ltu.se/portal/files/34678530/Rajiv_Dando ya.pdf

Filip Berglund, presented his licen ate thesis  on “Structural Analysis and 
Condi on Monitoring of Grinding Mills: A Case Study”. The purpose of 
the research  was to calculate the structural strains, stresses, displace-
ments, etc. in grinding mills in opera on, to prevent overloading, to 
calculate crack propaga on speeds and cri cal crack lengths.
Download complete thesis at: 
h p://pure.ltu.se/portal/files/40035049/Filip_Berglund.pdf



Cost effec ve availability enhancement of switches & 
crossings using reliability analysis
Sponsors: ALSTOM & Trafikverket                     
Researchers: Behzad Ghodra  & Marine Parahy
Objec ve: Developing a method to improve switches and 
crossings availability cost effec vely through maintenance 
op miza on using reliability analysis.

Research Projects
On-going projects

Sponsor: Trafikverket            
Researchers: Stephen Famurewa, Behzad Ghodra , Ma  
Rantatalo & Uday Kumar  
Objec ve: The main objec ve of this project is to develop 
maintenance decision support models which will facilitate the 
expansion of the railway infrastructure capacity when imple-
mented.
Dura on: 2010 – 2012

Link and effect model of maintenance investment for 
infrastructure effec veness improvement
Sponsor: Trafikverket (the Swedish Transport Administra on)
Researchers: Christer Stenström, Aditya Parida & Uday Kumar
Objec ve: The aim of the project is to develop a “link and 
effect” model to improve the total effec veness of the 
maintenance system for the railway infrastructure. 
Dura on: 2010 – 2013

Sponsors: Swedish Railway Administra on, Va enfall Va enk-
ra , Va enfall Services & Saab Support Service
Researchers:  Mustafa Aljumaili, Yasser Ahmed Mahmood, 
Olov Candell & Ramin Karim  
Objec ve: This project aims to explore and describe how the 
appropriate informa on logis cs as support to the produc on 
of the maintenance process can be established.
Dura on: 2009 – 2013

Sponsors: Vinnova & Saab Support Service         
Researchers: Olov Candell, Alireza Ahmadi & Ramin Karim  
Objec ve: The project aims to improve the infrastructure for 
data and informa on exchange between operators and suppli-
ers to iden fy, adapt and integrate ICT-based methods and 
solu ons for a so-called eMaintenance system.
Dura on: 2009 – 2013

eMaintenance infrastructure for enhanced informa-
on logis cs

eMaintenance solu ons for effec ve decision-making 
in maintenance

Improvement of Railway infrastructure Capacity 
through effec ve Maintenance

Study of Maintenance Threshold Limits
Sponsors: Trafikverket                    
Researchers: Iman Arasteh khouy & P-O Larson Kråik
Objec ve: The outcome of this research will be in the form of 
a maintenance decision support model to specify 
cost-effec ve maintenance thresholds for railway track and 
wheels. 
Dura on: 2008 – 2012

Detec on of internal flaws in railway manganese 
crossings by using Synthe c Aperture Focus Technology  
(SAFT)
Sponsors: Trafikverket 
Researchers: Jan Lundberg
Objec ve: The goal is to increase the capability to detect 
internal flaws and cracks in railway manganese crossing by 
means of SAFT. 
Dura on: 2010 – 2012

Rock and Machine Interface
Sponsors: CAMM                  
Researchers: Rajib Ghosh, Håkan Schunnesson &Uday Kumar
Objec ve: The objec ve of this project is to  understand and 
communicate rock mass behavior in real me with a special 
reference interface between rock mass/ore body and produc-

on machines.
Dura on:   2012– 2017

InMaint: Integrated maintenance for improved 
products and produc on

Sponsor: Center of Advanced Mining and Metallurgy (CAMM)          
Researchers: Uday Kumar,  Behzad Ghodra , Jing Lin, Håkan 
Schunnesson, Jan Johansson, Lena Abrahamsson, Bo Johans-
son, Mohammed-Aminu Sanda & Eira Andersson
Objec ve: The goal is to build a state of the art research 
capability in the area of mine produc on system by focusing 
on the  subprojects addressing the cri cal issues to realise the 
vision of lean mining system.
Dura on: 2010 – 2014

Lean Mining

Sponsors: Pro Viking, SSF, (Boliden, Sandvik, Contector Volvo 
body & Volvo Aero) 
Researchers: Uday Kumar, Jan Lundberg, Håkan Schunnesson,  
, Andi Wijaya & Anna Gustafson   
Objec ve: The project aims to increase produc vity, reduce 
produc on costs and to generate valuable input for improved 
engineering design of products and produc on.
Dura on: 2008 – 2012

Integra ong Reliability Analysis for Maintenance Strategies 
Op miza on
Sponsors: JVTC                  
Researchers: Janet (Jing) Lin
Objec ve: This study aims to develop new models for 
integrated reliability analysis, by which to support decision 
making on maintenance strategies op miza on.
Dura on: 2012 – 2013

Condi on Based Maintenance (CBM) Technologies and 
Maintenance Decision support Model
Sponsors: SKF                
Researchers: Madhav Mishra, Diego Galar, Ma  Rantatalo  
&Uday Kumar
Objec ve: This research strives to improve the diagnosis and 
prognosis of the RUL (Remaining Useful Life) of an asset by the 
development of hybrid models
Dura on:   2013– 2017

Enhanced Life Cycle Assessment for Performance-Based 
Logis cs
Sponsors: Vinnova, Saab Support Service and LTU
Researchers: Jan Block and Alireza Ahmadi
Objecive: The purpose of this project is to develop method-
ologies, tools and models to facilitate implementa on of 
performance based logis cs (PBL) concepts in avia on  main-
tenance.
Dura on: 2009 – 2013

Remaining Useful Life Es ma on of Mining Machinery
Sponsors: Boliden Mineral AB
Researchers:  Farzaneh Ahmadzadeh  Jan Lundberg & 
Behzad Ghodra
Objec ve: To develop a neural network that is capable of 
predic ng the Wear of liners in mining mills.
Dura on: 2013 – 2014



Increased produc on systems effec veness through 
condi on monitoring and prognos cs
Sponsors: Vinnova, Boliden Mineral AB, LKAB, Ringhals AB & 
Metso Minerals AB                   
Researchers: Rajiv Dando ya, Filip Berglund, Jan Lundberg & 
Aditya Parida 
Objec ve: The objec ve is to increase the knowledge 
concerning op mum maintenance strategies of mill liners and 
crack propaga on in mill shells.
Dura on: 2008 – 2012

Condi on monitoring of railway vehicles
Sponsors: LKAB & Trafikverket                  
Researchers: Mikael Palo, Håkan Schunnesson & Uday Kumar 
Objec ve: The aim of the study is to develop tools and 
methods for effec ve condi on monitoring of railway 
vehicles. 
Dura on: 2008 – 2012

Developing a method for the specifica on and selec-
on criteria for technical systems and equipment

Sponsors: Trafikverket              
Researchers: Jan Lundberg
Objec ve: The aim of the project is to develop methods to 
find op mal technical specifica ons and op mal selec on of 
the products.
Dura on: 2010 – 2013

Improvements in technical specifica ons and system-
a cally evalua on of products
Sponsors: Trafikverket                   
Researchers: Jan Lundberg
Objec ve: The aim of the project is to develop new methods 
for se ng up of specifica ons for op mal selec on of the 
products.    
Dura on: 2010 – 2012

On-going European Union 
(EU) Projects  

AutoMain
Sponsors: EU, FP7 (Seventh Framework Programme) & 
Trafikverket (the Swedish Transport Administra on)              
Researchers: Uday Kumar, Ulla Jun  & Aditya Parida
Objec ve: The  aim of the project is to make the movement of 
freight by rail more dependable (reliable, available, maintain-
able and safe) in order to generate addi onal capacity on the 
exis ng network.
Dura on: 2011 – 2014  

TREND (Test of Rolling Stock Electromagne c Compat-
ibility for cross-Domain Interoperability)
Sponsors: EU, FP7 (Seventh Framework Programme) & 
Trafikverket (the Swedish Transport Administra on)             
Researchers: Diego Galar & Uday Kumar
Objec ve: The main objec ve of the project is to the design of 
a test setup that enables the harmoniza on of freight and 
passengers rolling stock approval tests for electromagne c 
compa bility (EMC) focusing not only on interferences with 
broadcas ng services but also on railway signalling systems. 
Dura on: 2011 – 2014  

SUSTRAIL (The sustainable freight railway)
Sponsors: EU, FP7 (Seventh Framework Programme)  
Researchers: Ma  Rantatalo, Ma as Asplund & Uday Kumar 
Objec ve: The Sustrail objec ve is to contribute to the rail 
freight system to allow it to regain posi on and market, 
accoun ng for: 
- The increase of the demand of the total freight transport 
volumes: 40% (in tonne-kilometres) by 2030 and 80% by 2050;
-  The shi  of 30% of road freight over 300km to other modes 
such as rail or waterborne transport by 2030 (50% by 2050) as 
targeted by the European Commission. 
Dura on: 2011 – 2014  

BGLC (Bothnian Green Logis c Corridor)
Sponsors: Bal c Sea Region, The Bothanian Corridor
Researchers: Ulla Jun  & Uday Kumar 
Objec ve: The overall objec ve of BGLC is to increase the 
integra on between the northern Scandinavia and Barents, 
with its vast natural resources and increasing industrial 
produc on, with the industrial chain and end markets in the 
Bal c Sea Region and central Europe.
Dura on: 2011 – 2014  

Improved availability & reduced life cycle cost of track 
switches
Sponsors: Trafikverket               
Researchers: Jen Jönsson & Jan Lundberg
Objec ve: The Swedish railway infrastructure manager faces 
challenges of demands of increasing traffic capacity and the 
improvement of the switches and crossings (S&C). The  aim is 
to iden fy important condi ons that can improve availability 
and reduced life cycle cost of track switches.
Dura on: 2011 – 2016

Op mum maintenance & LCC of mobile drilling 
machines in mining applica ons
Sponsors:  Federal Govt. of Iraq, Atlas Copco & Boliden Miner-
als AB              
Researchers: Hussan Hamodi, Jan Lundberg & Behzad 
Ghodra
Objec ve: The subject is concerning op mum replacement 
intervals and LCC analysis of components of mobile drilling 
machines for mines and op mum maintenance strategies by 
means of analyzing failure and maintenance data.
Dura on: 2011 – 2014

Risk-based inspec on interval for railway infrastruc-
ture
Sponsors: Trafikverket               
Researchers: Alireza Ahmadi
Objec ve: The objec ve  is to develop a method to assess the 
suscep bility of rail track to the different forms of structural 
deteriora on, in different opera onal & environmental 
condi on. 
Dura on: 2011 – 2012

OPTIRAIL
Development of a Smart Framework based on Knowl-
edge to support Infrastructure Maintenance decisions 
in Railway Networks

Sponsors: EU, FP7 (Seventh Framework Programme)
Researchers: Diego Galar, Behzad Ghodra  & Uday Kumar   
Objec ve:  The main objec ve targeted by the OPTIRAIL 
project aims at developing a new tool, based on Fuzzy and 
Computa onal Intelligence techniques and validated through 
two case studies, that will enable the be er cross-border 
coordina on for decision making of railway infrastructure 
maintenance across the European
railway corridors.
Dura on: 2012-2015



Some of the Completed Projects 
Development and implementa on of RAMS and LCC 
model for railway track system

Maintenance performance indicators (MPIs) for Swed-
ish Rail Administra on

RAMS and LCC model was developed to enhance the effec ve-
ness maintenance of railway track system.

In this project the effect of maintenance ac vi es on punctu-
ality, safety, environment and profitability were analysed. LCC analysis of Switches and Crossings (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 replace-
ment of old S&C.

Maintenance strategy for railway infrastructure

A maintenance process was studied and suggested a frame-
work was suggested for the development of op mal opera on 
and maintenance strategy for Swedish rail road administra-

on.

T o 

Maintenance related risks in Swedish railway system
To control the contracted maintenance works be er and 
thereby ensure safety for passengers and personnel at the 
Swedish Na onal Rail Administra on. 

Improved train punctuality through improvement in 
engineering systems
To improve train punctuality by the use of effec ve and 
efficient maintenance technology.

Development of cost-effec ve maintenance policy for 
signalling systems
Op misa on of maintenance policy of signalling systems 
(Track circuit and Automa c Train Control system) to maxim-
ise cost-effec veness.

eMaintenance 24/7
Applica ons of e-Maintenance concepts in order to increase 
the technical availability and decrease opera onal and 
support costs for customer and product support of geographi-
cally distributed aircra  systems.

Improved punctuality through effec ve maintenance 
management

To improve train punctuality by studying the root causes 
for delay related to maintenance organiza ons and 
opera onal environment, and suggests measures to 
enhance the effec veness of maintenance system in 
Swedish railway sector.

Decision Support Models for the Maintenance and 
Design of Mill Liners
In this project an approach has been developed for selec on 
of the op mum wear measurement method, considering the 
industry specifica ons and a cost-effec ve wear measure-
ment method has been also suggested taking the industry 
requirements into considera on.

CETIA (Coastal Environment, Technology & Innova on 
in the Arc c

Sponsors: EU Kolar c & Länsstyrelsen Norrbo en
Researchers: Rupesh Kumar & Uday Kumar 
Objec ve: There is a need for increased knowledge, educa on 
and training both to raise awareness and increase regional 
competence to manage commercial ac vi es and manage the 
marine environment. In addi on there is a need for increased 
innova on to monitor pollu on and manage sensi ve coastal 
environments. 
Dura on: 2011 – 2014  

MAINLINE

Sponsors: EU FP7 (Seventh Framework Programme)  
Researchers:  Ulla Jun  & Uday Kumar 
Objec ve: The main obec ves of the MAINLINE are to 
develop new technologies to extend the life of elderly railway 
infrastructure across Europe, improve degrada on & 
structural models to develope more realis c life cycle cost & 
safety models and to inves gate monitoring techniques to 
complement or replace exis ng examina on methods. 
Dura on: 2011 – 2014  

iMain:   Intelligent maintenance

Sponsors: EU, FP7 (Seventh Framework Programme)
Researchers: Ramin Karim, Phillip Tre en & Uday Kumar   
Objec ve: The objec ve is to develop a novel decision 
support system for predic ve maintenance. 
Dura on: 2012-2015

Power OM:   Power consump on driven Reliability, 
Opera on and Maintenance op misa on

Sponsors: EU, FP7 (Seventh Framework Programme)
Researchers: Diego Galar & Uday Kumar   
Objec ve:  The aim  of this project is to use the energy 
consump on monitoring and profiling, in an easy to imple-
ment condi on based maintenance technique.
Dura on: 2012-2015

Innova ve e-Maintenance Services For Primary Indus-
tries and SMEs
The main objec ve of this research & development proposal is 
to improve regional compe veness through networking, 
produc vity development and research, for crea ng an 
e-Maintenance pla orm in the Bothnian Arc region for the 
process industries, suppliers and SMEs.

Support Vector Machine (SVM) model for reliability analysis of 
railway system
The aim of the research is to develop and demonstrate the 
applicability of SVM models to iden fy abnormal state and 
iden fy the onset of failures in railway infrastructure. 

SAFTInspect: Ultrasonic synthe c Aperture Focusing 
Technique for Inspec on of Railways Crossings (Frogs)

Sponsors: EU, FP7 (Seventh Framework Programme)
Researchers: Diego Galar & Ulla Jun  
Objec ve: The objec ve is to enable efficient in-service 
inspec on of manganese rail assets by applying phased array 
UT full matrix capture in combina on with a novel post 
processing technique called synthe c aperture focussing 
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54 (8), pp. 440-445. 

Galar, D., Gustafson, A., Tormos, B. & Berges, L. 2012. Mainte-
nance decision making based on different types of data fusion. 
Eksploatacja i niezawodnosc - Maintenance and Reliability. 14( 
2), pp. 135-144.

Gupta, S. & Kumar, U. 2012. An analy cal hierarchy process 
(AHP)-guided decision model for underground mining method 
selec on. Interna onal Journal of Mining, Reclama on and 
Environment. 26(4), pp. 324–336. 

Ghodra , B. , Banjevic, D. & Jardine, A. K. S. 2012. Product 
support improvement by considering system opera ng environ-
ment: a case study on spare parts procurement. Interna onal 
Journal of Quality & Reliability Management. 29(4), pp. 436-450. 

Galar, D. , Wandt, K. , Karim, R. & Berges, L. 2012. The evolu on 
from electronic Maintenance to intelligent Maintenance. Insight 
(Northampton). 54(8), pp. 446-450.

Hoseinie , S. H. , Ataei, M. , Khalokakaie, R. , Ghodra , B. & 
Kumar, U. 2012. Reliability analysis of cable system of drum 
shearer using power law process model. Interna onal Journal of 
Mining. Reclama on and Environment. 26(4), pp. 309-323. 

Hoseinie, S. H. , Ataei, M. , Khalokakaie, R. , Ghodra , B. & 
Kumar, U. 2012. Reliability analysis of drum shearer machine at 
mechanized longwall mines. Journal of Quality in Maintenance 
Engineering. 18(1), pp. 98-119. 

Journal Papers
Kajko-Ma sson, M., Karim, R. & Mirijamdo er, A. 2011. 
Essen al components of emaintenance. Interna onal Journal 
of Performability Engineering, 7(6), pp.555-571.

Kumar, R., Barabady, Javad., Markeset, T & Kumar, U. 2012. 
Improving Maintainability in Extreme Cold Clima c Condi-

ons. Interna onal Journal of Performability Engineering, 
8(5), pp. 563-572

Hoseinie, S. H. , Ataie , M. , Khalookakaei , R. & Kumar, U. 
2011. Reliability modeling of hydraulic system of drum shearer 
machine. Journal of Coal Science & Engineering. 17(4), pp.  
450-456 . 

Lundberg, J. , Bohlin, A. & Syk, M. 2011. Blindfold tests on 
manganese crossing in railway applica on. Interna onal 
Journal of Systems Assurance Engineering and Management. 
2(2), pp. 169-182. 

Lundberg, J. , Bohlin, A. & Syk, M. 2011. Capacity test of 
ultrasonic equipment used for crack detec on in railway 
applica on.  Interna onal Journal of Systems Assurance 
Engineering and Management. 2 (2), pp. 163-168. 

Larsson, D. 2012. Enhanced condi on monitoring of railway 
vehicles using rail-mounted sensors. Interna onal Journal of C 
O M A D E M. 15(2), pp.17-25.

Öhrling, T. , Kumar, R. & Abrahamsson, L. 2012. Assessment of 
the development and implementa on of tools in contract 
cleaning. Applied Ergonomics. 43 (4), pp. 687-694.

Palo, M. & Schunnesson, H. 2012. Condi on monitoring of 
wheel wear on iron ore wagons. Interna onal Journal of C O M 
A D E M. 15 (2), pp. 26-33. 

Palo, M. , Schunnesson, H. , Kumar, U. , Larsson-Kråik, P-O. & 
Galar, D. 2012 Rolling stock condi on monitoring using 
wheel/rail forces. Insight (Northampton). 54(8), pp. 451-455.

Parida, A. and Galar, D. 2012.  Achieving sustainable develop-
ment through maintenance excellence, Journal of Applied 
Engineering Science. 10(2), pp. 79-84. 

Singh, S., Galar, D. 2012.  Bending Moment Assessment at 
L5/S1 and Parameter Op miza on Using Taguchi Design 
during Li ing Task. Journal of Ergonomic Study, 14(2), pp.79-
89 

Thaduri, A. , Verma, A. K. , Vinod, G. , Rajesh, M. & Kumar, U. 
2012 Two-stage design of experiments approach for predic-

on of reliability of optocouplers. Interna onal Journal of 
Reliability, Quality & Safety Engineering. 19(2), pp. 2-24.

Wijaya, A. , Lundberg, J. & Kumar, U. 2012. Down me analysis 
of a scaling machine. Interna onal Journal of Mining, 
Reclama on and Environment. 26(3), pp. 244-260.

Wijaya, A. , Lundberg, J. & Kumar, U. 2012. Robust-op mum 
mul -a ribute age-based replacement policy. Journal of 
Quality in Maintenance Engineering. 18(3), pp. 325-343. 

Wijaya, A. & Lundberg, J. 2012. The effect of the operator, the 
mine room and their interac on on the measured vibra on 
level of a scaling machine. Interna onal Journal of Systems 
Assurance Engineering and Management. 3(2), pp. 145-152. 



Ghodra , B., Ahmadzadeh, F. & Kumar, U. 2012. Remaining 
useful life es ma on of mining equipment – a case study. In: 
Interna onal Symposium on Mine Planning and Equipment 
Selec on (ISMPES), New Delhi, India.

Galar, D. & Morant, A. 2012. Integra on of Produc on Data in 
CM for Non-sta onary Machinery: A Data Fusion Approach. In: 
2nd Interna onal Conference Condi on Monitoring of Machin-
ery in Non-Sta onary Opera ons, March 26-28, 2012, Hamma.

Kour, R &  Karim, R. 2012. E-monitoring of Opera on and 
Maintenance Task under Difficult Visual Work Environment. In: 
2nd Interna onal Workshop and Congress on eMaintenance, 
December 12-14, 2012, Luleå, Sweden.

Lin J, Asplund M, & Parida A. 2013.Bayesian Parametric Analysis 
for Reliability Study of Locomo ve Wheels. Conference 
Proceedings. The 60th Annual Reliability and Maintainability 
Symposium (RAMS® 2013). January 28-31, 2013, Orlando, FL, 
USA. 

Lin J, Ghodra , B.2012. Informa on Sharing in a Spares Demand 
System. 2012 IEEE Interna onal Conference on Technology 
Management (ITMC2012). Conference Proceedings. 24-27, 
June, 2012, Dallas, TX, USA 

Lin J, Ghodra , B. 2012. Produc on assurance enhancement 
through spares demand system improvement via informa on 
sharing. 2012 Interna onal Conference on Electronics, Commu-
nica on and Computer Science (ICECCS 2012). Journal of 
Physics: Conference Series. 15-17,June, 2012. Nanning, China.

Morant, A., Karim, R., Tre en, P. & Galar, D. 2012. Improvement 
of configura on management in railway signalling systems. In: 
2nd interna onal workshop and congress on eMaintenance, 
December  12-14, 2012, Luleå, Sweden. 

Morant, A., Wisten, Å., Niska, S., Galar, D. & Kumar, U. 2012 
Railway EMI impact on train opera on and environment. In: 
EMC Europe Conference, September 15-21, 2012, Rome, Italy.

Morant A., Galar D. & Tamarit J. 2012. Cloud compu ng for 
maintenance of railway signalling systems. In: 9th Interna onal 
Conference on Condi on Monitoring and Machinery Failure 
Preven on Technologies (BINDT), June 12-14, 2012, London, 
UK. 3) 

Mahmood, Y. ,Karim, R.&Al-Jumaili, M. 2012. Assessment of 
reliability data for trac on frequency converters using IEEE Std 
762: a study at Swedish railway In:Proceedings of the 2nd 
Interna onal Workshop & Congress on eMaintenance: Dec 
12-14 Luleå, Sweden 

Nadaka  M., Singh S., Parida A. & Kumar U. Machine health 
monitoring: An integrated approach. In: 2nd Interna onal 
Workshop and Congress on eMaintenance 2012, December 
12-14, 2012, Luleå, Sweeden. 

Orand, S. M., Mirzazadeh, A. & Ahmadzadeh, F. 2012. Applica-
on of par cle swarm op miza on approach in the infla onary 

inventory model under stochas c condi ons. In: Interna onal 
Workshop and Congress on e-Maintenance, Lulea, Sweden.

Conference Papers

Al-Jumaili, M. ,Wandt, K. & Karim, R. 2012. eMaintenance ontologies 
and data produc on. In :Proceedings of the 2nd Interna onal 
Workshop & Congress on eMaintenance: Dec 12-14 Luleå, Sweden.

Al-Douri, Y. ,Al-Jumaili, M.&Karim, R. 2012. Informa on security in 
e-maintenance: a study of Scada security. In :Proceedings of the 2nd 
Interna onal Workshop & Congress on eMaintenance: Dec 12-14 
Luleå, Sweden.

Ahmadzadeh, F., Ghodra , B. & Kumar, U. 2012. Mean residual life 
es ma on considering opera ng environment. In: Interna onal 
Conference on Quality, Reliability, Infocom Technology and Industrial 
Technology Management (ICQRITTM), New Delhi, India.

Ahmadi, A. , Block, J. & Kumar, U. 2012. Risk based maintenance 
deferral for components subject to hidden failure proceedings: Annual 
Reliability and Maintainability Symposium (RAMS 2012) : Reno, 
Nevada,  23-26 Jan. 2012. Piscataway, NJ.

Asplund, M., Famurewa, M. S. & Rantatalo, M. 2012. Prognos c and 
health management of wheel condi on. In: integra on of wheel defect 
detec on and wheel profile monitoring data. in proceedings of 2nd 
Interna onal Workshop and Congress on eMaintenance, December 
12-13, 2012, Luleå, Sweden. 

Aldouri, Y., Aljumaili, M., & Karim, R. (2012), Informa on security in 
e-maintenance: a study of Scada security, Interna onal Workshop and 
Congress on eMaintenance, pp. 197-204.

A.Morant,A.Wisten,D.Galar,U.Kumar & S.Niska. 2012. Railway EMI 
Impact on Train Opera on and Environment. EMC Europe.,17-19 
September. Rome

Galar, D. , Stenström, C. , Parida, A. , Kumar, R. & Berges, L. 2011. 
Human factor in maintenance performance measurement. IEEE 
Interna onal Conference on Industrial Engineering and Engineering 
Management (IEEM), pp. 1569 - 1576. Piscataway, NJ

Galar, D. , Parida, A. , Kumar, U. , Baglee, D. & Morant, A. 2012. The 
measurement of maintenance func on efficiency through financial 
KPIs. 25th Interna onal Congress on Condi on Monitoring and 
Diagnos c Engineering (COMADEM 2012), 18–20 June 2012, Hudders-
field, UK.

Galar, D. , Kumar, U. , Sandborn, P. & Morant, A. 2012. O&M efficiency 
model: A dependability approach. 25th Interna onal Congress on 
Condi on Monitoring and Diagnos c Engineering (COMADEM 2012), 
18–20 June 2012, Huddersfield, UK.

Gustafson, A., Galar, D., Schunnesson, H. & Heyns, S. 2012. Fusion of 
produc on, opera on and maintenance data for underground mobile 
mining equipment. In: The Ninth Interna onal Conference on Condi-

on Monitoring and Machinery Failure Preven on Technologies 
(BINDT), June 12-14, 2012, London, UK.

Galar, D. , Kumar, U. & Fuqing, Y. 2012. RUL predic on using moving 
trajectories between SVM hyper planes Proceedings of Annual Reliabil-
ity and Maintainability Symposium (RAMS 2011) : Reno, Nv 23-26 Jan. 
2012. Piscataway, NJ.



Diego Galar delievered inaugral plenary keynote lecture on 
“Maintenance Audits: Issues and challenges”. 12th Interna-

onal Congress on Maintenance Engineering in Peru. 19th and 
20th October, 2012. Lima, Peru.

Diego Galar delivered invited talk in the “Interna onal Training 
Programme on Op miza on and Its Applica ons”. Held in Delhi 
University. November 26th to December 1st, 2012. New Delhi, 
India

Diego Galar delivered expert talk in the Workshop “Test of 
Rolling Stock Electromagne c Compa bility for Cross Domain 
Interoperability”. September 17, 2012 Rome.

Diego GalaI delievered inaugral plenary keynote lecture on  
“Context driven decisions in maintenance: a hybrid model 
approach". 9th Interna onal Conference on Condi on Monitor-
ing and Machinery Failure Preven on Technologies, June 2012. 
London, UK.

Diego Galar delievered inaugral plenary keynote lecture on 
“The evolu on from e(lectronic) Maintenance to i(ntelligent) 
Maintenance” and organized session for “eMaintenance: 
Integra on of CM and CMMS in DSS” in the 8th Interna onal 
Conference on Condi on Monitoring and Machinery Failure 
Preven on Technologies, June 2012. London, UK.

Diego Galar delievered inaugral  keynote lecture  “Integra on of 
Mul ple Data Sources for Diagnosis and Prognosis: An Informa-

on Fusion Approach” in the 25th Interna onal Congress on 
Condi on Monitoring and Diagnos c Engineering (COMADEM 
2012): June  18-20, 2012, Huddersfield, UK.

Diego Galar delievered keynote lecture  “Context driven 
prognosis” in the 5th Interna onal Congress on Technical 
Diagnosis. September 3-5, 2012. Cracow, Poland.

Diego Galar delievered keynote lecture  in the 2nd Interna onal 
Conference on Maintenance, Performance, Measurement and 
Management.  September  12-13, 2012. Sunderland, United 
Kingdom.

Diego Galar  delievered  keynote lecture in the Second Interna-
onal Conference “Condi on Monitoring of Machinery in 

Non-Sta onary Opera ons” CMMNO’2012. March 26-28, 
Hammamet, Tunisia.

Review of Journal Papers
The faculty members of the Division are reviewers for the 
following Interna onal 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 
- Ins tu on of Industrial Engineers, 
- IEEE Transac ons on Reliability
- Interna onal Journal of Quality and Reliability Management
-Journal of Condi on Monitoring and Diagnos c Engineering  
Management (COMADEM) 
- Interna onal Journal of Performability Engineering
- Journal of Logis c & Computer science
- Interna onal Journal of Rock Mechanics and Mining Sciences
- Interna onal Journal of Mining Reclama on and Environment
- Journal of Mathema cal and Computer Modelling
- Journal of Society for Mining, Metallurgy and Explora on

Safari, J. & Ahmadzadeh, F. 2012. Mul -objec ve reliability 
alloca on problem. In:  Interna onal Workshop and Congress on 
e-Maintenance, Lulea, Sweden.

Stenström, C., Wandt, K. & Parida, A., 2012. Data to decision 
through contextual presenta on of railway infrastructure perfor-
mance, In: Proceedings of the 2nd interna onal workshop and 
congress on eMaintenance, 12-13th Dec, Luleå University of 
Technology, Sweden.

Stenström, C., Carlson, J.E. & Lundberg, J., 2012. Mining mill 
condi on monitoring using water jet ultrasonics, In: 2012 IEEE 
Interna onal Ultrasonics Symposium, IEEE, Dresden, Germany.

Stenström, C., Famurewa, S.M., Parida, A. & Galar, D., 2012. 
Impact of cold climate on failures in railway infrastructure, In: 
MPMM 2012: The 2nd Interna onal Congress on Maintenance 
Performance Measurement & Management Conference Proceed-
ings, 12-13th Sep, University of Sunderland, UK.

Stenström, C., Parida, A. & Galar, D., 2012. Maintenance Perfor-
mance Indicators for Railway Infrastructure Management, In: 
Proceedings of the First Interna onal Conference on Railway 
Technology: Research, Development and Maintenance, 18-20 
Apr., Civil-Comp Press, S rlingshire, UK.

Jens Jönsson, 2012 A  study on field measurements of track 
geometry on turnouts in Sweden, 17th Nordic Seminar on 
Railway Technology, luleå, Sweden. 

Mikael Palo  is awarded with The Len Gelman Award for the best 
paper published in the Proceedings of the Ins tute’s Condi on 
Monitoring Conference CM 2012/MFPT 2012 by Bri sh Ins tute 
of Non- Destruc ve Tes ng.

Uday Kumar, Diego Galar, Jay Lee, & Eenyu Zhao were awarded 
with best paper award for the paper tled Remaining useful life 
es ma on using me trajectory tracking and support vector 
machines in 25th Interna onal Congress on Condi on Monitoring 
and Diagnos c Engineering (COMADEM 2012), 18–20 June 2012, 
Huddersfield, UK. 

Diego Galar is awarded by COPIMAN (South American Mainte-
nance Society comprising all na onal maintenance socie es in 
South America.) for academic career in maintenance manage-
ment and engineering with relevant contribu ons to the industry.

Diego Gala is awarded by Society of Reliability Engineering, 
Quality and Opera ons (SREQOM) in India, for Interna onal 
leadership in Condi on Monitoring and Condi on Based Mainte-
nance research and development.

Keynote/Invited speech
Uday Kumar, delivered keynote address on Swedish mining 
Research  Ini a ve,  In: 21st  Interna onal Symposium on Mine 
Planning and Equipment Selec ons (MPES), November 28-30,  
2012, New-Delhi, India.

Diego Galar delivered keynote address on “Planned obsolescence 
in IT: Reliability. versus profitability” in ICQRITM 2012, the 6th 
Interna onal Conference on Quality, Reliability INFOCOM 
technology and industrial technology management. December 
2012. New Delhi, India.

Diego Galar delievered inaugral plenary keynote lecture on “The 
role of maintenance in supply chain management". 1st Interna-

onal Conference on Best Prac ces in Supply Chain Manage-
ment”, December 2012. Bhubaneswar, India.

Awards



 

  

 

Partners & Sponsors

Edited by: Sarbjeet Singh, Rupesh Kumar & Ma  Rantatalo



Div. of Opera on & Maintenance Engineering, Luleå University of Technology, SE – 971 87, Luleå, Sweden
Tel: +46 920 49 1000, Fax: +46 920 49 1935

Website: www.ltu.se


