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Zora Arsovski1), Milan Pavlović2), Slavko Arsovski3) 

 
Summary: In essence, process of maintaining equipment is a support process, because it 
indirectly contributes to operational ability of the production process necessary for the supply 
chain of the new value.  Taking into account increased levels of automatization and quality, this 
process becomes more and more significant and for some branches of industry, even crucial. 
Due to the fact that the quality of the entire process is more and more dependent on the 
maintenance process, these processes must be carefully designed and effectively implemented.  
There are various techniques and approaches at our disposal, such as technical, logistical and 
intensive application of the information-communication technologies.  This last approach is 
presented in this work. 
It begins with organizational goals, especially quality objectives.  Then, maintenance processes 
and integrated information system structures are defined.  Maintenance process quality and 
improvement processes are defined using a set of performances, with a special emphasis placed on 
effectiveness and quality economics.  At the end of the work, information system for improving 
maintenance economics is structured.  Besides theoretical analysis, work also presents results 
authors obtained analyzing food industry, metal processing industry and building materials 
industry. 
Key words: quality, maintenance process, information technology, improvement, maintenance 
economics, effectiveness. 

 
 
1. INTRODUCTION 
 
Work equipment maintenance processes become 
more and more significant for achieving 
organizational objectives.  Although they are 
classified as a support processes, increases in 
automatization and rising product quality 
demands, their influence is rising progressively. 
If we observe process map in a manufacturing 
organization, maintenance processes affect the 
overall product quality, process and organization  
in the following two ways:   

 increasing operational readiness, 
effectiveness and quality of elementary 
production processes and 

 improving maintenance processes quality 
First way is dominant because the total number of 
the maintenance workers and maintenance budget 
is up to 5% of the entire organization.  Exceptions 
to this rule are maintenance in the mines, metal 
processing enterprises and process industries, 
where these percentages are significantly higher. 
In these conditions, it makes sense to use different 
approach to increase maintenance process quality. 
Simultaneously, principal paradigms in the field of 
maintenance were changing, starting with 

corrective maintenance, continuing through 
prevente maintenance and ending with entirely 
productive maintenance [1, 3].  In practice, 
organizations use some combination of these 
maintenance concepts. 
From the large number of works from this field, 
authors analyzed works which dealt with 
maintenance management using holistic approach 
[4], business processes risks and role of 
maintenance [5], role of benchmarking in 
improving maintenance management [6], industrial 
systems maintenance modeling [7], scheduling of 
preventive activities in the actual production of 
limitations [8], maintenance policies evaluation [9] 
and use of AHP method for efficient maintenance 
system [10].  Also, authors analyzed a large group 
of works from the field of improving maintenance 
processes and relation between quality and 
maintenance.  Work [11] analyzes elements of 
Japanese strategy and the role of TPM. Works [12, 
13, 14, 15, 16, 17 and 18] analyzes different 
aspects of maintenance quality, relations between 
maintenance processes and product quality and 
organization (QMS – Quality Management 
System) and wider (IMS – Integrated Management 
System). 



 

If we observe maintenance process quality (Q), we 
can notice that it is most often defined using 
suitable performances.  Performances used most 
often are related to maintenance costs 
(independently or in conjunction with other 
expenses or income), maintenance efficiency and 
similar.  Besides quality, as the goal of 
maintenance, maintenance process also has to 
satisfy productivity (P) and flexibility (F) 
objectives.  This triad of objectives P, Q and F are 
the basis for modeling maintenance processes with 
the ultimate goal of achieving optimal 
organizational objective. 
Large number of works related to effectiveness 
[19], maintenance effectiveness [20], holistic 
approach to measuring performance effectiveness 
[21], efficiency and effectiveness of measuring 
maintenance performance [23], cost-benefit 
analysis [24], demands and challenges in 
measuring maintenance performance [25], multi-
criteria, hierarchical framework for measuring 
maintenance performance [26], application of BSC 
in measuring maintenance performance [27].  This 
group of works also includes works addressing 
measurement and analysis of the performance 
effectiveness [28, 29, 30, 31] and especially 
maintenance economics [32, 33, 34 and 35]. 
Scope of this work is maintenance process quality 
and opportunities for improving maintenance 
process quality through application of information 
technologies.  Significant number of authors 
researched this field [36, 37, 38, 39, 40], starting 
with capabilities of information technologies for 
monitoring, effective implementation and 
decision-making in maintenance process.  Quality 
was observed as the output characteristic of this 
maintenance process supported by application of 
information technology.  Authors have chosen 
different approach, its principal elements being the 
following: 

 taking into account the organization’s 
objectives and defining components of 
the process goals, 

 after definition of the maintenance 
process goals in the previous step, 
component objectives P, Q values are 
defined and F of the maintenance process, 

 maintenance process is modeled in such a 
way to achieve these objectives through 
application of various planning methods 
and process analysis (most often through 
effectiveness and maintenance costs), 

 process modeling is often accomplished 
with the support of information 
technologies, 

 application of the chosen information 
technologies results in design of the 

software for improving maintenance 
processes, 

 in accordance with the new project 
solution, maintenance processes design in 
detail and applied in practice with 
continues performance monitoring, 

 in the event of deviation of the planned 
objectives from the maintenance process 
planned values, corrective measures are 
implemented. 

This work presents approach and characteristic 
results of research and application of this concept 
in enterprises working in the field of food industry, 
construction and metal processing.  Due to the 
limited space, this work describes in detail third 
and fourth activity of the proposed concept. 

 
 
2. MAINTENANCE PROCESS 

IMPROVEMENT APPROACH 
 
2.1 Process improvement basics 
Process quality improvement can be achieved 
through: 

 continuous improvements, which is a key 
demand from the ISO 9000 series 
standards and 

 radical process improvement 
(reengineering process). 

If we determine through use of benchmarking 
process that observed organization (O) 
significantly lags in quality levels behind control 
sample organization (A), continuous improvement 
concept will not be sufficient to close this „gap“. 
Determined, planned and timely approach to 
reengineering process must be applied [41, 42, 43]. 
Both approaches are based on the use of well-
known Deming’s PDSA Cycle. 
Using process objective matrix [44], process 
characteristics are obtained, those that have 
process quality characteristics as well as those 
related to effectiveness and efficiency of the 
process and entire organization. Analysis of the 
process characteristics is conducted in the 
following phase and characteristics that are 
determined to be successful by nature are 
determined.  Answer to the second question is 
provided this way (Figure 1). 

These activities can occur during the P-
part of the PDSA cycle, or during the S-part after 
the influence of quality characteristic changes on 
process objectives, is analyzed.  Results of this 
analysis should facilitate selection of the changes 
which are in accordance with the policy and 
quality objectives and limitations in the 
organization. 



 

PDSA cycle can improve the level of 
quality during each phase of the planning, design 
and detailed design of the process. 
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Figure 1. Process quality improvement procedure  
From previous, we can conclude that quality 
improvement process has four phases: 

1.  preparation for changes, 
2.  planning of the changes, 
3.  design of the changes and 
4. application of the changes in 

the evaluation of the effects of 
the changes [1].  

This work will emphasize design of the changes 
aspect of the process, which consists of sub-
processes interconnected as shown on the figure 2. 
Designing changes is accomplished in 6 steps (sub 
– processes). Out of the previous phase (planning 
of the changes), we enter step 1. (Identification of 
the existing business processes). The last (step 6.) 
is the entry into the following phase (evaluation of 
the changes). 
Primary flow activities, depicted with a solid line 
in figure 3., marks the primary order of activities 
and secondary feedback of information and 
correction of inputs for the following processes. 
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Figure 2. Steps for designing changes 

 



 

2.2 Measurement of the critical processes and 
maintenance process metrics  
2.2.1 Measurement of the critical processes 
Measurement of the critical processes is conducted 
by the reengineering team and operational 
management on the basis of determined 
characteristics of each process.  It is usually started 

with measurement of the most influential critical 
process and then according to the measurement 
procedure, other critical processes are included. 
Process metrics can have various forms [45].  
Figure 3. shows the flow of the process metrics 
application. 
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Figure 3.  Process metrics flow 

Based on the measured process characteristics and 
process objectives, various numerical based and 
graphic summaries are created. This facilitates the 
procedure for evaluating process characteristics. 
Process characteristics evaluation  
This evaluation is conducted using various 
methods, most frequent being process of 
evaluation and benchmarking. 
Benchmarking outputs are various. These are 
primarily comparisons and gaps when compared to 
the sample organization.  Then, there are proposals 
for improvements obtained through research of the 
organization and based on the customer demands. 
Process evaluation can be conducted in various 
ways, using various methods (i.e. value analysis, 
expenses deviations, designed process ranking 
system by IBM). 
Based on the last method, process evaluation is 
conducted on 5 levels. 

Matrix and maintenance process quality 
evaluation  
Significant characteristics of the maintenance 
process are: 
K1. Maintenance work orders completion: 
Number of active maintenance work orders 
(tasks-number of items) / Number of completed 
maintenance work orders (number of items). 
K2.  Maintenance over budget (%).  
The data is obtained from financial plans, quarterly 
and biannual financial reports (created by the 
economic and finance sectors and part related to 
maintenance and delivered to the chief of 
maintenance) 
K3.  Maintenance flexibility: 
Σ delays/ Σ planned/ projected maintenance 
time x 100 (%). 
K4.  Operational readeness (OG): 



 

OG = Tur / (Tur + Tuo),   where Tur - denotes 
up-time and Tuo - denotes down-time  
Data is obtained from the records of measuring and 
monitoring characteristics of: machinery and 
equipment maintenance, building maintenance, 
installation and infrastructure maintenance.  
K5. Increasing percentage of the preventive 
maintenance: 
PO = total hours of PO /total hours of 
maintenance 
Data is obtained from the records of measuring and 
monitoring characteristics of: machinery and 
equipment maintenance, building maintenance, 
installation and infrastructure maintenance, 

delivered monthly to the head of maintenance by 
responsible personnel.  Head of personnel 
calculates percentage increase over the previous 
period. 
Head of maintenance is responsible for monitoring 
and follow up of the process’ performance as well 
as personnel in the other organizational units. 
Table 1 is used to calculate the mark (median).  
Report on measurement and monitoring is 
delivered to the technical sector manager. 
Evaluation of the process performance is 
conducted quarterly, good application of corrective 
or preventive measures as needed. 

Table 1.  Values of the maintenance quality characteristics  

K1 -
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K2 - 
Excess of the 
maintenance 

expenses 

K3 - FO K4 (%) 
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Percentage 
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0 < 1 0 100 > 50 10 
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10 20-25 10 50 15-20 5 
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0,2 0,2 0,2 0,2 0,2 Weight (P) 

 
1.0 

 
0.8 

 
1.2 

 
0.8 

 
0.4 

Value of the 
characteristic 
VK = DO x P 

Process objective (UP): UP = Σ VK = 4.2 
 
3. MANAGEMENT OF THE 

MAINTENANCE PROCESS 
SUPPORTED BY THE INFORMATION 
TECHNOLOGIES  

 
Maintenance expenses, as part of the maintenance 
economics, have varying structure caused by 
diverse maintenance processes, certain 
components and maintenance resources, priorities 
etc. Each one of the outlined methodologies, 
regardless of the level of detail, must be improved 
with monitoring and reporting methodologies on 
maintenance expenses to be used in practice.  In 
some organizations, maintenance function is 
responsible for this system, in the others quality 
maintenance function and in the most advanced, 
this is achieved automatically using information 
system for managing operational costs, parts of 

which are maintenance costs.  In the last scenario, 
problem occurs because all the elements of 
expenses and losses that occur during maintenance 
are not incorporated in the integrated software. 
Because of this, authors of this work propose the 
following phases in the development of the 
information system for managing maintenance 
expenses: 
Phase I: development of the methodology for 
measuring, monitoring and reporting on 
maintenance economics,  
Phase II: creation of the procedures and 
instructions for ensuring quality in maintenance 
procedures, according to the ISO 9001:2000,  
Phase III: development of the information system 
for managing maintenance with module for 
managing maintenance economics, 



 

Phase IV: development of the integrated 
information system in the Internet environment. 
Observed from the practical standpoint, majority 
of the organizations in Serbia are currently in the 
phase I, only certified organizations 
(approximately 1450) are in the phase II, 
considerably smaller number (less than 150 
according to the authors estimate) is in the phase 
III and there is even smaller number of 
organization currently in the phase IV (less than 
50). 
Based on this, authors decided to point out the 
measurement problems in this work first, and then, 
in the second part of this work, to show alternative 
solutions of the module for managing maintenance 
economics. 
 

3.1 Model for measuring, monitoring and 
reporting on maintenance economics  
Maintenance expenses, are a significant part of the 
production costs.  This portion varies from 50% all 
the way up to 50% of production costs.  Therefore, 
it is often that efficiency of the projected 
maintenance system is reflected in maintenance 
costs.  Problem of different ways of showing the 
overall maintenance expenses, including or 
excluding various component maintenance 
expenses, frequently appears during this process. 
Having this in mind, authors decided to use 
conceptual modeling approach in developing this 
model off maintenance economics. 
Maintenance costs are divided into two groups: 

 direct maintenance expenses and  
 indirect maintenance expenses.  

Figure 4 shows basic conceptual model of 
maintenance economics.  
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Figure 4. Basic conceptual model off maintenance economics 

Maintenance costs are divided into: 
1. maintenance material costs, 
2. maintenance spare parts costs, 
3. investment maintenance service costs, 
4. current maintenance service costs, 
5. costs for warehousing spare parts and 

materials, 

6. costs of skilled labor performing immediate 
maintenance: 
 costs for direct labor on equipment 

maintenance and 
 costs for indirect labor on equipment 

maintenance 
7. indirect maintenance expenses: 



 

 expenses related to the equipment 
malfunction, 

 additional maintenance expenses and 
 expenses for additional equipment break 

in. 
Considering the significant strategic and tactical 
importance of maintenance, starting point for 
managing maintenance costs is a strategic 
management decisions that further define 
maintenance strategy and approves expenses for 
maintenance plans (budget), which is then further 
worked out on the tactical level (production 
manager, head of maintenance).  In accordance 
with the verified maintenance expense plan, 
realization of maintenance activities commences as 
well as logistical support to continuous business 
processes. 
On the basis of verified expense models and 
procedures for monitoring maintenance expenses, 
actual maintenance costs are monitored on 
operational level including their contribution to the 
manufacturing and operating costs. 
Reports about incurred maintenance expenses are 
controlled on a tactical level, deviations of the 
costs from the plan are determined, followed by 
the analysis of the cause.  Results of the 
maintenance cost analysis are corrective measures 
going in two directions: 

 correction of the maintenance activities 
on the operational level and 

 as the proposal for modifying 
maintenance strategy, if this requires 
decisions by the top-level management 

 
3.2 Information system for managing 
maintenance economics 
Managing maintenance expenses can be located in 
the framework of: 

 IS for maintenance management or 
 IS for cost management. 

Based on the concept created by CIM 
Centre from the Mechanical Faculty in 
Kragujevac, managing maintenance costs is 
located within information system for maintenance 
management and there is also two-way relation to 
information system for managing costs.  Of course, 
reverse relation also exists, database for managing 
costs provide certain data for managing 
maintenance costs. 
Basic concept of the IS for maintenance 
management is based on the client/server 
architecture, which is very flexible and can satisfy 
the various existing and future needs of IS 
expansion. 
Shared and relatively constant data related to the 
entire business system is placed into joint database 
and the second part of the data is placed into 
distributed databases. 
If we observe the typical, medium size, industrial 
enterprise, in which the maintenance is a support 
process, information system development projects 
that improves maintenance economics has phases 
shown in table 2. 

Table 2. Gantt chart of the activities for development and implementation of the IS for improving 
maintenance economics  

Time/quarter Seq. 
num. 

Title 

I II III IV I II III IV I II
I Development of measurement methodology for 

monitoring and reporting on maintenance 
economics 

          

II Development of procedures and instructions for 
securing quality in maintenance processes  

          

III Development and implementation of module for 
managing maintenance economics 

          

IV Integration of the maintenance economics module 
into the managing information system  

          

 
If these project activities are analyzed from the 
aspect of engaging human, material and financial 
resources, following variants can be identified:  
a) own development, 
b) use of consulting services for certain phases 

of the project, 

c) consulting services based on the principle of 
joint teamwork with the user and 

d) “turnkey” solution consultant services. 
If we observe module for managing 

maintenance economics, most organizations in its 
realization go through phases described in figure 5. 
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Figure 5. Information system for improving maintenance economics’ development phases  

Preliminary research of the authors point out the 
existing levels of information systems for 
improving maintenance economics, for small, 

medium and large organizations, as shown in 
figure 6. 
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Figure 6.  Condition of IS for improving maintenance economics’ levels  

 
Preliminary results show low entry-levels of 
information system development for improving 
maintenance economics.  How to transition from 
this unsatisfactory state into the state where level 
V dominates and particularly, how to accomplish 
this in the conditions of deficit financial, human 
and infrastructural conditions?  Answer to this 
question is not simple.  Strategy is different for 
each organization.  However, some joint elements 
of the strategy can be seen.  These are: 

 making efforts to create quality 
management system, which becomes a 

facilitator for organization’s 
competitiveness, to incorporate the aspect 
of maintenance economics into the QMS 
procedures, 

 decreasing costs of information and 
communication equipment and gradual 
investment in the IS project for improving 
maintenance economics, 

 capability of communication technology 
to network distant locations within 
organization and networking with the 
business environment, 



 

 possibility for faster and cheaper 
development, implementation and IS 
maintenance by professional IT 
enterprises, 

 possibility for object-oriented approach in 
the development of the software for quick 
upgrade and changes, caused by internal 
and external demands. 

Through application of the original AS2 method 
developed in CIM Centre at the Mechanical 
Faculty in Kragujevac, logical database design was 
performed and development of the application 
software was started. 
 
 
 
 

 
3.3 Model of the equipment maintenance 
process 
In this section of the work, authors decided to 
present results of the modeling process and 
structure of the computer network in one 
construction company with physically separated 
primary production and workshop for maintenance 
and construction.  Figure 7 shows second-level of 
process obtained through application of the SSA 
(Structured System Analysis) method, identifying 
three sub-processes of maintenance: 

 creation of the technologies and 
maintenance plans for equipment, 

 manufacturing of the spare parts and 
 equipment maintenance with use of work 

orders. 
 

 
Figure 7. Model of process (DTP) for subsystem of eqipment maintenance 



 

4. CONCLUSIONS 
 

Based on the presented work, the following 
conclusions can be made: 
 Definition of the new process metrics began 

with organizational objectives through 
organizational metrics/process arriving at 
process objectives, which have to be 
measurable and maintaining level of the 
achieved progress. 

 Through use of management process 
algorithms, procedure for identifying existing 
processes has been determined, method for 
determining critical processes and 
measurement of critical processes based on 
the process characteristics.  

 Application of the aforementioned quality 
metrics, enabled us to measure maintenance 
process improvements, which are 4.6% higher 
when compared to the quality process entry 
levels from 18 months ago. 

 Efficient and effective management of 
maintenance economics cannot be 
accomplished without information system 
based on the application of modern 
information technology. 

 Information system for managing maintenance 
economics must be based on expense model 
specific for each organization. 

 Information system for managing maintenance 
economics must include strategic, tactical and 
operational aspects of decision-making within 
the domain of equipment maintenance. 

 Information system concept for managing 
maintenance economics must be open and 
adaptable to grow with information system 
and included processes, facilitating 
completion of this information system after a 
few years. 

 Measurement of the maintenance success rate 
uses large number of methods. 

 Overcoming subjectivity in measurement is 
achieved by use of synthetic indicators (costs, 
production etc.) 

 application of the value analysis methods has 
created the original system for evaluating 
maintenance efficiency, being tested in the 
mining industry, metallurgy industry, process 
technology and metal processing fields. 

 
 
LITERATURE 
 
[1] Browne J., Harhen J., Shivnan J.,  

Production Management Systems, Addison-
Wesley Publisbing Company, New York, 1996. 

[2] Goldrat E., Theory of Constraints, Nort River 
Press, Great Barnington, Massachusetts, 
1990. 

[3] Seiichi Nakajima, Introduction to Total 
Productive Maintenance, Productivity Press, 
Combridge, Massachusetts, 1998. 

[4] Jasper L. Coetzee, A holistic approach to the 
maintenance “problem”, University of 
Pretoria, South Africa 

[5] V. Narayan, The raison d'être of 
maintenance, Shell UK Exploration and 
Production, Aberdeen, UK 

[6] Richard C.M. Yam, Peter Tse, Li Ling and 
Francis Fung, Enhancement of maintenance 
management through benchmarking, City 
University of Hong Kong, Hong Kong, China 

[7] C. Richard Cassady, University of Arkansas, 
Fayetteville, USA, Edward A. Pohl and Paul 
Murdock Jr, Air Force Institute of 
Technology, Wright-Patterson AFB, USA,  
Selective maintenance modeling for industrial 
system,  

[8] Mohsen Alardhi and Roger G. Hannam, 
School of Mechanical, Aerospace and Civil 
Engineering, University of Manchester, 
Manchester, UK and Ashraf W. Labib, 
Department of Strategy and Business Systems, 
University of Portsmouth, Portsmouth, UK, 
Preventive maintenance scheduling for multi-
cogeneration plans with production constraints 

[9] Hans Löfsten, Chalmers University of 
Tevhnology, Göteborg, Sweden, Management 
of inustrial maintenance – economic 
evaluation of maintenance policies 

[10] Ashraf W. Labib, Department of Mechanical 
Engineering, University of Manchester 
Institute of Science and Technology, 
Manchester, Uk, Richard F. O'Connor, 
Society of Motor Manufacturers and Trades, 
UK, Glyn B. Williams, School of 
Manufacturing and Mechanical Engineering, 
University of Birgmingham, UK, An effective 
maintenance system using the analytic 
hierarchy process 

[11] Hajime Yamashina, Kyoto University, Japan, 
Japanese manufacturing strategy and role of 
total productive maintenance 

[12] Antero Ollila and Markku Malmipuro, 
Maintenance has a role in quality 

[13] M. Ben-Daya and S.O.Duffuaa, King Fahd 
University of Petroleum and Minerals, 
Dhahan, Saudi Arabia, Maintenance and 
quality: the missing link 

[14] S. Muthu, S.R. Devadasan, PSG College of 
Technology, Coimbatore, India, Saleem 
Ahmed, UNIX Centre, Mysore, India, P. 
Sureh and R. Baladhandayutham, PSG 
College of Technology, Coimbatore, India, 



 

Benchmarking for strategic maintenance 
quality improvement 

[15] Anil B. Jambekar, Michigen Technological 
University, Houghton, Michigen, USA, A 
system thinking perspective of maintenance, 
operations, and process quality 

[16] David J. Sherwin and Patrik Jonsson, Växjö 
University, Växjö, Sweden, TQM, 
maintenance and plant availability 

[17] Robert S. Jostes and Marilyn M. Helms, 
Total Productive Maintenance and Its Link to 
Total Quality Management 

[18] Chris Bamber, CorE Research Group, The 
School of Management, University of Salford, 
UK, John Sharp, CorE Research Group, The 
School of Management, University of Salford, 
UK, Mick Hides, CorE Research Group, The 
School of Management, University of Salford, 
UK, The role of the maintenance organisation 
in an integrated management system 

[19] Örjan Ljungberg, Department of Operations 
Management, Chalmers University, 
Gothenburg, Sweden, Measurement of overal 
eqipment effectiveness as a basis for TPM 
activities 

[20] John Crocker, Mirce Akademy, Exeter, UK, 
Effectiveness of maintenance 

[21] Albert H.C. Tsang, The Hong Kong 
University, Kowloon, Hong Kong and 
Andrew K.S. Jardine and Harvey Kolodny, 
University of Toronto, Ontario, Canada, 
Measuring maintenance performance: a 
holistic approach 

[22] Ki-Young Jeong, United Technologies 
Research Center, East Hartford, Connecticut, 
USA, Don T. Phillips, Department of 
Industrial Engineering at Texas A&M 
University, USA, Operational efficiency and 
effectiveness measurement 

[23] P. De Groote, DGS International NV, 
Maintenance Engineering Services, Ghent, 
Belgium, Maintenance performance analysis: a 
practical approach 

[24] Rakest Gupta and Ramkishan, Departmant 
of Statistic, Ch. Charan Singh University, 
Meerut, India, Cost-Benefit analysis of a 
compex system with correlated failures and 
repairs 

[25] Aditya Parida and Uday Kumar, Division of 
Operation and Maintenance Engineering, 
Luleå University of Technology, Luleå, 
Sweden, Maintenance performance 
measurement (MPM): issues and challenges 

[26] Aditya Parida, Devision of Operations and 
Maintenance Engineering, Luleå University of 
Technology, Luleå, Sweden, and Gopi 
Chattopadhyay, Faculty of Science, 
Engineering and Healith, Central Queensland 

University, Gladstone, Australia, 
Development of a multy-criteria hierarchical 
framework for maintenance performance 
measurement (MPM) 

[27] Imad Alsyouf, Department of Mechanical 
Engineering, School of Technology and 
Design, Växjö University, Sweden, Measuring 
maintenance performance using a balanced 
scorecard approach 

[28] Kit-Fai Pun, Department of Mechanical 
Engineering, University of the West Indies, St 
Augustine, Trinidad and Tobago, Kwai-Sang 
Chin, Department of Manufacturing 
Engineering and Engineering Management, 
Sity University of Hong Kong, Hong Kong, 
Man-Fai Chow, Communication Section, The 
Hongkong Electic Company Ltd, Hong Kong, 
Henry C.W. Lau, Department of Industrial 
and System Engineering, The Hong Kong 
Polytechnic University, Hong Kong, An 
effectiveness-centred approach to maintenance 
management 

[29] Richard Dwight, University of Wollongong, 
Australia, Searchnig for real maintenance 
performance measures 

[30] Albert H.C. Tsang, The Hong Kong 
Polytechnic University, Hong Kong, A 
strategic approach to managing maintenance 
performance 

[31] R.H.P.M. Arts, Gerald M. Knapp and 
Lawrence Mann Jr, Department of Industrial 
and Manufacturing System Engineering, 
Louisiana State University, Baton Rouge, 
Louisiana, USA, Some aspects of measuring 
maintenance performance in the process 
industry 

[32] Jayantha P. Liyanange, School of Science 
and Technology, Stavanger University 
College, Stvanger, Norway, and Uday 
Kumar, Division of Operations and 
Maintenance Engineering, Lulea University of 
Technology, Lulea, Sweden, Towards a velue-
based view on operations and maintenance 
performance management 

[33] Mohamed Ali Mirghani, Department of 
Accounting and MIS, King Fahd University of 
Petroleum and Minerals, Dhahran, Saudi 
Arabia, A framework for costing planned 
maintenance 

[34] Basim Al-Najjar, Lund University and Växjö 
University, Sweden, Economic criteria to 
select a cost-effective maintenance policy 

[35] Basim Al-Najjar, Lund University and Växjö 
University, Sweden, Total quality 
maintenance, An approach for continuous 
reduction in costs of quality products 

[36] Guojun Zhu, Ludo Gelders and Liliane 
Pintelon, Centre for Industrial Management, 



 

Catholic University of Leuven, Leuven-
Heverlee, Belgium, Object/objective-oriented 
maintenance management 

[37] Liliane Pintelon, Centre for Industrial 
Management, Catholic University of Leuven, 
Leuven-Heverlee, Belgium, Niek Du Preez, 
University of Stellenbosch, South Africa, and 
Frank Van Puyvelde, Glaverbel/Glavinfo, 
Mol, Belgium, Information technology: 
opportunities for maintenance management 

[38] Nagen N. Nugarur, Asian Institute of 
Technology, Thailand and Jittra Kaewplang, 
Chulalongkorn University, Thailand, An 
object-oriented decision support system for 
maintenance management 

[39] W.H.Ip, K.C. Lee, K.L.Yung, The Hong 
Kong Polytechnic University, Hong Kong and 
R. Yam, The City University of Hong Kong, 
Hong Kong, SCADA in an integrated 
maintenance management system 

[40] W.H.Ip, C.K.Kwong, The Hong Kong 
Polytechnic University, Hong Kong and 
R.Fung, The City University of Hong Kong, 
Hong Kong, Design of maintenance system in 
MRPII 

[41] Stein R., Re-engineering the Manufacturing 
Sustem, Marcel Dekker, Inc., New York, 
1996. 

[42] D. Đurović, Unapređenje informacionih 
tokova u održavanju građevinske 
mehanizacije sa aspekta kvaliteta, Kragujevac, 
2003. 

[43] Ackoff R., Creating the Corporate Future, 
Willey & Sons, New York, 1991. 

[44] Z. Arsovski, Podrška odlučivanju u razvoju 
CIM sistema – DSS/CIM, CIM centar, 
Mašinski fakultet u Kragujevcu, Kragujevac, 
1998.  

[45] S. Arsovski, Menadžment procesima, 
Mašinski fakultet u Kragujevcu, Centar za 
kvalitet, 2007. 

[46] Gane Chris, Sarson Trish, Structured 
Systems Analysis: Tools and Tecniques, 
Prentice Hall, London, 1999. 

[47] Kawal James, Analyzing Systems, Prentice - 
Hall, New Jersey, 1998. 

[48] M. Perović, S.Arsovski, Z. Arsovski, 
Proizvodni sistemi, CIM centar, Mašinski 
fakultet u Kragujevcu, Kragujevac, 1996.  

[49] Z. Arsovski, S.Arsovski, Informacioni sistem 
za upravljanje održavanjem kao podrška 
razvoju i uvođenju sistema kvaliteta, XXIII 
Jugoslovenski majski skup "Održavanje 
tehničkih sistema", Kragujevac, 1998.  

[50] S.Arsovski, Z. Arsovski, B. Jeremić, D. 
Rutić, Ocena efikasnosti sistema održavanja, 
XXII Jugoslovenski majski skup "Održavanje 
tehničkih sistema", Novi Sad, 1997.  

[51] Z.Arsovski, S. Arsovski, B. Jeremić, D. 
Rutić, Informacioni sistem za upravljanje 
održavanjem – iskustva u razvoju i uvođenju, 
XXII Jugoslovenski majski skup "Održavanje 
tehničkih sistema", Novi Sad, 1997.  

[52] M. Perović, S. Arsovski, Z. Arsovski, 
Proizvodni sistemi, CIM centar, Mašinski 
fakultet, Kragujevac, 1996.  

[53] D. Stanivuković i dr., Održavanje - IIS - 
Prilaz, Fakultet tehničkih nauka, Univerzitet u 
Novom Sadu, 1997.  

[54] Bose P., Expert Systems for Maintenance, 
American Machinist & Automated 
Manufacturing, 1983.  

[55] Reichert P., Systematic Approach to 
Computerized Maintenance Management, 
Maitenance Technology, 1993.  

[56] Papageorgiou L., Pistikopoulos, Mainenance 
optimisation for multipurpose production 
plants, Proc. Of European Conf. Of Safety and 
Reliability, Torino, Italy, 2001, pp.1507-1514  

[57] Faria J., A methodology for determination of 
the Optimal number of spare units, Proc. Of 
European Conf. Of Safety and Reliability, 
Torino, Italy, 2001, pp.1515-1522  

[58] Marseguerra M., Podofillini L., Zio L., Use 
of genetic algorithms for the optimisation of 
spare parts inventory, Proc. Of European 
Conf. Of Safety and Reliability, Torino, Italy, 
2001, pp.1523-1529  

 
 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


