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ABSTRACT 

 

Maintenance is an extremely important issue in the industry. Testimony to this fact is that 

European companies spend about 140 billion euro per year on maintenance activities. In 

Sweden alone, the annual cost of maintenance and related activities reaches 250 billion crowns 

and these costs are the costs incurred when maintenance jobs are performed and does not 

include the consequences of poor maintenance with which the costs would be significantly 

higher. 

The new paradigm in the manufacturing sector identifies utilization of production resources as 

a main competitive weapon. To meet the high demands of the industry like high efficiency, 

enhanced customization and high speed of delivery, a much higher operational availability and 

capability of production systems have to be achieved. In this context, maintenance becomes an 

important strategic issue. 

The objectives of this study are to develop a dynamic LCC model supporting decision making in 

the early stages of investment and production development process allowing estimating and 

optimizing life cycle costs of production equipment including maintenance considerations. It 

will give the concerned stakeholders a better chance of estimating the whole life cycle costs 

and select proper design alternative for new investments. It can be used as a tool for the 

justification of investment in Condition Based Maintenance technologies which is 

underestimated in present calculation models.   
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1.1 Overview 

From the national economic point of view, maintenance is an extremely important issue. 

European companies spend on maintenance activities about 140 billion euro per year. In 

Sweden the annually cost of maintenance related activities reaches 250 billion crowns. These 

costs are related to performed maintenance jobs, and do not include all the consequences 

caused by poor maintenance. These are estimated to above 180 billion Swedish crowns, which 

correspond to 4-6% of turnover or 11-12% of BNP. 

The new paradigm for European manufacturing sector identifies utilization of production 

resources as a main competitive weapon. Closer coordination between the demand and supply 

sides, further increase in efficiency, enhanced customization, and speed of delivery are 

necessary. To meet these requirements we have to achieve much higher operational availability 

and capability of production systems than it is possible with presently available methods. In 

that way maintenance becomes an important strategic issue worth enhanced research efforts 

 

1.2 Problem Statement 

Both Life Cycle Costing and Maintenance is the need of the hour for industries. Even though 

they are established concepts, they are not used to their maximum potential. The usual trend in 

the industry is to settle for the cheapest alternative which fulfills the requirements when 

deciding on an asset which may not be the ideal solution. 

The major task was to find out from people in the industry themselves that why these concepts 

are not being used and to develop a model where Life Cycle Costing is used in the early decision 

making process focusing mainly on maintenance issues and to optimize it. 

This would provide the concerned stake holder with a medium of comparison of the 

alternatives which helps in choosing the ideal solution and not just the cheapest one. 
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1.3 Current Industry trend 

 

The Life Cycle Costing methods in the industry are quite static. This means that the costing 

methods employed now are not flexible enough. They have not kept pace with the current 

developments in technology.  

The usual trend in asset management in the industry is to settle for an alternative which has the 

cheapest initial investment, also known as minimum adequate design (MAD). This approach is 

limited by the lack of knowledge on minimum adequacy and it is employed by almost 86% of 

the manufacturers according to the Society for Maintenance and Reliability Professionals 

(SMRP) mainly because of constrained budgets and demanding schedules of the company. 

 It does not consider the costing over the whole life cycle of the asset which includes operating 

costs, maintenance costs, cost of downtime, cost of bad maintenance etc. If these are 

considered, a different alternative can be chosen even if it has a high initial investment 

provided it would be profitable in the long run. The different investments are mostly compared 

by doing simple calculations such as calculating payback.  

A better way of comparing can be by calculating life cycle costs or lifetime earnings for the 

different options. Payback is not a good method of calculation, it is easy to use and it takes 

some account of the liquidity and uncertainty but does not take into account what happens 

after the payback. It also does not take into account the cost of capital which means that future 

income and expenses are not known. 

These old methods of calculations though simple and less time consuming are no longer 

sufficient in the modern day as it is eminent to keep pace with the advancement in 

technologies. 
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1.4 Objectives of the thesis 

The objectives of this study are to develop a dynamic LCC model supporting decision making in 

the early stages of investment and production development process allowing estimating and 

optimizing life cycle costs of production equipment including maintenance considerations. It 

will give the concerned stakeholders a better chance of estimating the whole life cycle costs 

and select proper design alternative for new investments. It can be used as a tool for the 

justification of investment in Condition Based Maintenance technologies which is 

underestimated in present calculation models.   

In particular, the following will be developed and implemented with a case study: 

 A study of typical industrial equipment  

 An RCM analysis. 

 Investigation of possible CBM techniques and modifications. 

 LCC/LCP calculation to justify implementation of the CBM techniques and modifications 

using the investment strategies being in place. 

 

 

 

 

 



8 
 

 

 

 

 

 

 

 

Chapter 2: Literature 
Survey 

 

 

 

 



9 
 

2.1 Life Cycle Costing 

What is Life Cycle Costing:Life cycle costs (LCC) are all costs from project inception to 

disposal of equipment. LCC applies to both equipment and projects. LCC costs are found by an 

analytical study of total costs experienced during the life of equipment or projects. The 

objective of LCC analysis is to choose the most cost-effective approach from a series of 

alternatives so the least long term cost of ownership is achieved. LCC analysis helps engineers 

justify equipment and process selection based on total costs rather than the initial purchase 

price of equipment or projects. LCC provides best results when both art and science are merged 

together with good judgment (as is true with most engineering tools). [1] 

The costs involved in a business:Most businesses, if not all, live by buying something, 

adding some value to it and then selling it for a higher price to someone. The organization 

cashes in the difference between the price charged and the costs incurred as a profit. Whereas 

the price is given in the marketplace and is ideally a function of supply and demand, the 

incurred costs are a result of a series of decisions throughout the organization that started long 

before the product was even conceived. This chain of decisions leads to costs being committed 

before they are incurred. Managing costs effectively and efficiently thus implies that costs must 

be eliminated in the commitment stage and not reduced in the incurring stage. Many 

organizations realize this but few practice it. The costing methods employed by most 

companies simply do not take such notions into account as they embark on cost cutting. This 

happens for many reasons, but it might simply be a matter of bad habits or because we dislike 

learning new things unless the consequences of not learning are worse than those of learning. 

[1] 
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The Role of Life Cycle Costing: LCC serves mainly three purposes 

 To be an effective engineering tool for use in design, procurement and so on. 

 To be applied proactively in cost accounting and management. 

 To be a design and engineering tool for environmental purposes. 

The three purposes have a common goal, which is the role of LCC to provide insight in 

future matters regarding all costs. Furthermore, since the future is always associated with 

risks and uncertainty, truly proactive cost management should also handle all sorts of risks 

that can incur losses to the organization. Such risks are commonly referred to as business 

risks and have become a new focal point of corporate governance. [1] 

 

Activity-Based Life Cycle Costing:On the one hand, Activity-Based LCC is a result of 

research spurred by dissatisfaction with existing LCC methods. On the other hand, the use of 

life-cycle cost idea purely for LCC purposes is a gross devaluation of the idea. Many cost 

management efforts are ineffective because cost management traditionally is performed after 

the fact and it gives little room for effective decision-making. We have to look at cost 

management from a different perspective. This perspective should be one in which we look 

forward in time, we look farther than the walls of the organization and we reduce wasteful 

activities of the annual budgeting ritual of chasing the numbers. Cost management and 

budgeting of the future should concern itself with identifying the underlying drivers of business 

performance, manage these, then settle for ballpark numbers and manage the risks. This is the 

ultimate goal of Activity-Based LCC.  [1] 
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2.2 Condition Based Maintenance 

Introduction: With the fast development of industry and the highly competitive 

international market, especially in areas of electronic products, nuclear power, automobile, 

ship-building and aircrafts, cost effective and accurate maintenance shows increasing 

importance in improving plant production availability, reduce downtime cost, and enhance 

operating reliability. [2] 

       Maintenance can be performed in two major ways: corrective maintenance and preventive 

maintenance. Corrective maintenance similar to repair work is undertaken after a breakdown 

or when obvious failure has been located. However, corrective maintenance at its best should 

be utilized only in non-critical areas where capital costs are small, consequences of failure are 

not severe, no safety risks are immediate, and quick failure identification and rapid failure 

repair are possible. Preventive maintenance is carried out at predetermined intervals or 

according to prescribed criteria and intended to reduce the probability of failure or degradation 

of functioning of an item. Preventive maintenance is divided into two types: Predetermined 

maintenance and condition-based maintenance. Predetermined maintenance is scheduled 

without the occurrence of any monitoring activities. The scheduling can be based on the 

number of hours, the number of times an item had been used, according to the prescribed 

dates and so on. Condition Based Maintenance, on the contrary, does not use predetermined 

intervals and schedules. It monitors the condition of components and systems in order to 

determine a dynamic preventive schedule [2]. 

 

 

Principles of Condition Monitoring:Maintaining the health of machine tools and 

establishing stable machining processes is of major importance to reduce the risk of 

malfunctioning equipment and ensure that high quality parts are produced. This can 

beachieved by testing of critical machine tool components and online measuring and analysis of 
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one or more quantities from the machining process in order to adjust the process towards 

more stable machining regions. [3] 

The Purpose of Condition Monitoring:Maintenance of a plant based on its perceived 

condition is a more effective strategy then either maintenance on failure or planned preventive 

maintenance based on time or hours run. Maintenance on failure incurs interruption to 

production or service, more maintenance activity and extra spares usage. Planned preventive 

maintenance can result in unnecessary maintenance activity and downtime and in excessive 

spares usage, whilst being ineffective in preventing breakdown. Ideally design or redesign for 

reliability is more cost-effective than any maintenance strategy since it avoids or at least 

minimizes the need for maintenance action rather than carrying out that action in the most 

effective manner and time. In the real world, however, it is not economically or technically 

feasible to design for the high reliability feasible through design must then be enhanced by 

effective maintenance to achieve the required availability. The purpose of monitoring some 

condition indicator is to detect the onset of deterioration and to provide a measure of the 

extent and rate of deterioration towards failure. In this context failure of a unit may be caused 

by actual failure of an item or by deterioration in performance to a level which is unacceptable 

for safety, self-damaging, product quality, or other reason. It is important to be fully aware of 

the capabilities and limitations of condition monitoring, since it is not capable of detecting all 

machine faults. The capability of a given monitoring system or program is governed, firstly by 

the techniques employed, and secondly by the level of machine implementation. The technical 

viability and the commercial feasibility of condition monitoring needs to be determined before 

a strategy for predicting the onset of specific faults can be established. 

Data Management:Condition monitoring has totally changed over the last few years. No 

radical new concepts, new ideas or techniques have been developed but what has changed, 

however, is our ability to gather information and the diversity of machine information which 

can be measured to indicate condition. Advancements in microprocessor and battery 

technologies have allowed the development of a variety of instruments to collect data. It is 
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the advent of these that has turned condition monitoring from a sometimes black art for use by 

consultants and specialists into a practical, usable and highly productive maintenance tool. [4] 

Past Failures:To understand why there has been some skepticism towards condition 

monitoring amongst many who have tried it in the past, it is necessary to understand the 

changes that have happened over the last few years. Nothing has changed in the concepts, but 

the way in which measurements are made has changed. In the past, measurements were 

difficult and often required large, heavy and complex instruments which required a specialist to 

use them. This resulted in the use of a person for this task whose specialist skills were in 

instruments or vibration technology and not in maintenance strategy and planning. Their focus 

was on the technique and not on the results that the technique could produce. This same bias 

also existed amongst the people who caused companies to make these investments. Often 

these were sales people from the companies who had the technology for sale-often companies 

who had less focus on maintenance strategy. Over the last few years, the critical change that 

we have seen is a move towards software that is capable of processing the data generated by 

instruments and techniques into management information. Such information can be used to 

achieve the true aims of a predictive maintenance strategy which increases machine availability 

and hence production, while at the same time reducing maintenance costs. [4] 
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2.3 Reliability Centered Maintenance (RCM) 

 

The Changing World of Maintenance:Over the past twenty years, maintenance has 

changed, perhaps more sothan any other management discipline. The changes are due to a 

hugeincrease in the number and variety of physical assets (plant, equipmentand buildings) that 

must be maintained throughout the world, much morecomplex designs, new maintenance 

techniques and changing views onmaintenance organization and responsibilities.Maintenance 

is also responding to changing expectations. These includea rapidly growing awareness of the 

extent to which equipment failureaffects safety and the environment, a growing awareness of 

the connectionbetween maintenance and product quality, and increasing pressureto achieve 

high plant availability and to contain costs.The changes are testing attitudes and skills in all 

branches of industryto the limit. Maintenance people have to adopt completely newways of 

thinking and acting, as engineers and as managers. At the sametime the limitations of 

maintenance systems are becoming increasinglyapparent, no matter how much they are 

computerized.Managers everywhere arelooking for a new approach to maintenance. They want 

to avoid the falsestarts and dead ends that always accompany major upheavals. Instead they 

seek a strategic framework that synthesizes the new developments into a coherent pattern, so 

that they can evaluate them sensibly and apply those likely to be of most value to them. If it is 

applied correctly, RCM transforms the relationships between the undertakings that use it, their 

existing physical assets and the people who operate and maintain those assets. It also enables 

new assets to be put into effective service with great speed, confidence and precision. [5] 

 

Maintenance and RCM:From the engineering viewpoint, there are two elements to the 

managementof any physical asset. It must be maintained and from time to timeit may also 

need to be modified. 

The major dictionaries define maintain as cause to continue (Oxford) 

Or keep in an existing state (Webster). This suggests that maintenance means preserving 

something. On the other hand, they agree that to modify something means to change it in 
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some way. This distinction between maintain and modify has profound implications. When we 

set out to maintain something, what is it that we wish to cause to continue? What is the 

existing state that we wish to preserve? The answer to these questions can be found in the fact 

that every physicalasset is put into service because someone wants it to do something.In other 

words, they expect it to fulfill a specific function or functions. Soit follows that when we 

maintain an asset, the state we wish to preservemust be one in which it continues to do 

whatever its users want it to do. 

Maintenance: Ensuring that physical assets continue to do what their users want them to do 

What the users want will depend on exactly where and how the asset is being used (the 

operating context). This leads to the following formal definition of Reliability-centered 

Maintenance: 

Reliability-centered Maintenance: a process used to determine what must be done to ensure 

that any physical asset continues to do what its users want it to do in its present operating 

context. [5] 

 

The seven basic questions:The RCM process entails asking seven questions about the 

asset or system under review, as follows: [5] 

 What are the functions and associated performance standards of the asset in its present 

operating context? 

 In what ways does it fail to fulfill its functions? 

 What causes each functional failure? 

 What happens when each failure occurs? 

 In what way does each failure matter? 

 What can be done to predict or prevent each failure? 

 What should be done if a suitable proactive task cannot be found? 

 

 

Default Actions:RCM recognizes three major categories of default actions, as follows: [5] 
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 Failure-finding: Failure-finding tasks entail checking hidden functions periodically to 

determine whether they have failed (whereas condition-based tasks entail checking if 

something is failing). 

 Redesign: redesign entails making any one-off change to the built-in capability of a 

system. This includes modifications to the hardware and also covers one-off changes to 

procedures. 

 No scheduled maintenance: as the name implies, this entails making no effort to 

anticipate or prevent failure modes to which it is applied, and so those failures are 

simply allowed to occur and then repaired. This default action is also called run-to-

failure, 

 

The RCM Task Selection Process:Agreat strength of RCM is the way it provides 

simple, precise and easily understood criteria for deciding which (if any) of the proactive tasks is 

technically feasible in any context, and if so for deciding how often they should be done and 

who should do them. Whether or not a proactive task is technically feasible is governed by the 

technical characteristics of the task and of the failure which it is meant to prevent. Whether it is 

worth doing is governed by how well it deals with the consequences of the failure. If a proactive 

task cannot be found which is both technically feasible and worth doing, then suitable default 

action must be taken. The essence of the task selection process is as follows: [5] 

 For hidden failures, a proactive task is worth doing if it reduces the risk of the multiple 

failures associated with that function to a tolerably low level. If such a task cannot be 

found then a scheduled failure-finding task must be performed. If a suitable failure-

finding task cannot be found, the secondary default decision is that the item may have 

to be redesigned (depending on the consequences of the multiple failures). 

 For failures with safety or environmental consequences, a proactive task is only worth 

doing if it reduces the risk of that failure on its own to a very low level indeed, if it does 

not eliminate it altogether. If a task cannot be found which reduces the risk of the 

failure to a tolerably low level, the item must be redesigned or the process must be 

changed. 
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 If the failure has operational consequences, a proactive task is only worth doing if the 

total cost of doing it over a period of time is less than the cost of the operational 

consequences and the cost of repair over the same period. In other words, the task 

must be justified on economic grounds. If it is not justified, the initial default decision is 

no scheduled maintenance. (If this occurs and the operational consequences are still 

unacceptable then the secondary default decision is again redesign). 

 If a failure has non-operational consequences, a proactive task is only worth doing if the 

cost of the task over a period of time is less than the cost of repair over the same 

period. So these tasks must also be justified on economic grounds. If it is not justified, 

the initial default decision is again no scheduled maintenance, and if the repair costs are 

too high, the secondary default decision is once again redesign. 

 

This approach means that proactive tasks are only specified for failures which really need them, 

which in turn leads to substantial reductions in routine workloads. Less routine work also 

means that the remaining tasks are more likely to be done properly. This together with the 

elimination of counterproductive tasks leads to more effective maintenance. Compare this with 

the traditional approach to the development of maintenance policies. Traditionally, the 

maintenance requirements of eachasset are assessed in terms of its real or assumed technical 

characteristics,without considering the consequences of failure. The resulting schedulesare 

used for all similar assets, again without considering that differentconsequences apply in 

different operating contexts. This results in largenumbers of schedules which are wasted, not 

because they are wrong inthe technical sense, but because they achieve nothing. Also, the RCM 

process considers the maintenance requirementsof each asset before asking whether it is 

necessary to reconsider thedesign. This is simply because the maintenance engineer who is on 

duty on the day has to maintain the equipment as it exists on that day, not what should bethere 

or what might be there at some stage in the future. [5] 
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2.4 Condition Monitoring and LCC 
Though condition monitoring is considered as a very good technique and a widely accepted 

method used for planning and predicting maintenance activities on a machine and this 

technique has been known and used for more than twenty years, it is only recently that it is 

gaining importance. Still, it is not being used to its full potential as there are apprehensions 

about the technology and also the high investment in the condition monitoring equipment. The 

tools have become simpler over the years and also the software involved have been very well 

developed which automate the difficult and tedious processes of data collection and processing 

which have contributed to the increase in popularity of condition based maintenance. 

 

Cost Returns:Due to the high initial investment in the condition monitoring equipment, it is 

of great importance to know where and when the financial returns come. This is very subjective 

and it depends on the organization, asset, operators etc. The areas where the financial returns 

or savings come from include: 

 Safety: If the condition monitoring equipment is programmed to shut down in the event 

of failure, it could not only be a very good safety feature but also saves the costs 

involved in fixing the damages done to man and machine due to the failure. 

 Increased Production: An effective maintenance strategy increases the availability of a 

machine which in-turn increases productivity. 

 Avoidance of secondary damage: When a component in a machine fails, often it causes 

damage to other related components. This can be avoided if the degradation is detected 

early before the failure. 

 Maintenance personnel: Reduction in maintenance activities means, the necessary work 

can be done by a reduced maintenance staff which reduces costs. 

 Life Extension: Condition monitoring plays a huge role in keeping the old machines in 

running condition. This means that machines can run for a longer time than they would 

without condition monitoring. 
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 Reduced spare parts inventory and repair site: It costs money to store spare parts in the 

inventory which can be reduced considerably and brought in when wanted as a result of 

effective planning. 

 

As shown above, a well planned maintenance strategy which includes condition monitoring can 

reduce operation costs and also increase the life of a machine. The areas where the returns for 

the initial investment come from, varies for each operation and organization, but justification of 

the investment can be done with any of them. The collective potential returns are considerably 

large. [6] 

 
Maintenance and the Environment: Mass production has increased the quality of 

human life over the years due to the increase in the manufacturing capacities of the industry. 

However, this has meant that we are using the natural resources at an alarming rate. This also 

means that there is more wastage and more energy consumption. Here the maintenance 

comes into picture. We should learn to use our resources to its maximum potential. This helps 

in avoiding the production of new products if we can use the same old products still 

maintaining customer satisfaction and the profits of the company. 
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Closed-loop manufacturing has been proposed as a solution [ ]. It can be expressed as 

“renewing functions while circulating material” [ ]. The many of ways of circulating material can 

be shown in the Comet CircleTM. Each orbit in the circle corresponds to a life cycle option, such 

as prolonged use by means of maintenance, product and part reuse, recycling and energy 

recovery. Proper life cycle options need to be chosen to realize closed-loop manufacturing. 

We need to find a balance between the environmental friendliness and the quality of the 

products to satisfy the customer. As we can see from the comet circle, the more the orbit is 

inner, the smaller is the load on the environment. This means that maintenance is the most 

important means for life cycle management. [7] 

  



21 
 

 

 

 

 

 

 

 

 

Chapter 3: Developing the 
model 

 
 

 

 

 

 

 

 

 



22 
 

The methodology involves the following stages: 

1. Electric motor case study: 
 An RCM analysis is done on the electric motor  

 Possible CBM techniques and modifications are investigated 

 LCC calculations are done to justify the investment in the modifications and the CBM 
techniques 

 
2. Industry Interaction: 

Maintenance and Life Cycle Costing experts from the industry were contacted to get an 
industry view on the whole idea of the how the Life Cycle Costing is done in the industry 
and also the maintenance activities that are carried out. The companies that are 
involved are Systecon AB, SCANIA and Dynamate. The basic question that was asked to 
experts in all of these companies was as to why LCC and CBM are not utilized to their 
potential even though both of them are very well established methods. The summary of 
the meetings are in the chapters that follow. 
 

3. Using the CATLOC software to show the results: 

CATLOC is a software tool for Life Cycle Cost analysis developed by Systecon AB. This 
step shows how CATLOC can be used to do the LCC analysis and also how the results can 
be interpreted. 
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3.1 Case Study: Electric Motor 

Introduction: An industrial electric motor is chosen for the case study since it is one of the 
primary drivers in an industry. Over 70% of the electric energy bill of an average manufacturing 
facility and over 90% of an average process facility is consumed by electric motor systems. An 
effective maintenance strategy of electric motors is a must in any industry as they are very 
critical. Though a small component, the motors can add up to affect the efficiency of the plant. 
For an effective motor management program, the best method is the RCM based approach. 

The RCM analysis used in this case is the component based RCM method. This involves breaking 
down the motor into simpler components which perform different functions. Once the function 
of each component is identified, the potential functional failures related to each component 
are noted. This gives the failure modes and the consequent effects of these failures. [9] 

3.1.1 RCM Analysis:The first step is doing the standard Failure Mode and Effect Analysis 
(FMEA) on the motor. This involves breaking down the system (motor) into components and 
then identifying the potential failure modes, effects of each of the components. Following this, 
a decision is taken on the ways of handling these failures based on the criticality and 
occurrence. 

FMEA breakdown of components and failure modes: 

1. Power Distribution System 
 Power Quality 

 Change in voltage and current harmonics 
 Voltage fluctuations 
 Power factor 
 Sags/Swells and Transients 
 Overload 

 Transformer Faults (critical part) 
 Insulation to ground 
 Winding shorts 
 Loose connections 
 Electrical vibration 

 Cables 
 Thermal breakdown 
 Contamination 
 Shorts and grounds 
 Open connections 
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2. Control Center 

 Loose Connections 
 Bad contacts 
 Bad contactor coil 
 Control circuit fuse 
 Failure and power factor correction capacitors 

3. Electric Motor 
 Mechanical faults 
 Bearings 
 Bad mechanical fits  
 Vibrations/Unbalance 

4. Coupling 
 Misalignment 
 Insert wear 

5. Pump 
 Seals 
 Impellor wear 
 Bearings 

 

Selection of CBM equipment 

The CBM technologies that are proposed in this case are all well established technologies in 
their own fields. They require well trained and experienced personnel to handle. The training 
and the frequency of these technologies being used is different for each technology. The 
selected technologies are: [9] 

 Vibration Analysis: This will detect the deterioration of the mechanical conditions of the 
motor as early as possible. 

 Infrared Analysis: This will detect loose connections, power and electrical issues along 
with mechanical faults. 

 Electrical Signature Analysis: This checks the condition of all electrical components. It 
also supports the detection of potential mechanical failures. 

 Motor Circuit Analysis: This will be used to check the condition of al insulation systems 
and is also used for the early detection of winding shorts and rotor conditions.  
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3.1.2 Life Cycle Cost Analyses 

Condition based maintenance is done on all the critical parts of the electric motor. For all the 
other parts, both alternatives i.e, considering condition based monitoring and running the 
system to failure is evaluated and compared. The LCC calculations for the electric motor include 
all the cost from the investment cost to the disposal cost of the equipment. Since this study is 
concerning the justification of including the Condition Monitoring equipment, the cost 
elements involved are: 

 Investment cost of the CBM equipment  

 Installation cost of the CBM equipment  

 Cost of training of the personal 

 Reliability Centered Maintenance Analysis cost 

 Condition monitoring cost 

 Downtime cost  

 Disposal cost 
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3.2 INDUSTRY INTERACTION 

 

3.2.1 SYSTECON AB 

About the company:Systecon AB is a leading provider of consulting services and software 
products for systems and logistics engineering. Systecon AB provides solutions that enable 
higher productivity, better availability and higher safety in the most cost effective way from a 
life cycle perspective. 

Systecon AB offers consultancy services to public and private organizations in the areas of  

 Acquisition/Sales support 
 Project Management 
 System evaluation 
 Supply support 
 Maintenance management 
 System safety 
 Follow up and control management 
 Models and software development 

 

Minutes of the meeting at Systecon AB 

First I wanted to know about CATLOC, the software developed by them: The software is used to 
do the LCC calculations. It is a very flexible tool which can be used to compare the alternatives, 
in our case like the different CBM techniques. It can also be used to compare the CBM 
technique and the other maintenance tasks which will help in decision making by justifying the 
investment in CBM techniques. 

How does the software work? The software is a calculation tool. The hierarchal structure of the 
costs involved and also the parameters that affect them should be defined. The parameters can 
be constants or may be derived from arithmetic equations which are input in the software. The 
software helps in comparing alternatives and also can indicate where the differences are. The 
level of detail we need depends on the structure defined in the beginning.  

Why does the industry not use LCC? The main reason they thought was that since most 
companies are just involved in selling a product and not the operation and maintenance part of 
it, less importance is given to these analysis. Also it may not be applicable to assets which are 
held for a short term since the benefits of LCC might take a long time to reap rewards which 
makes it unjustifiable to invest in these analyses.  
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Then the case study was shown to them and I asked them how they would analyze it. They 
firstly would do the LCC analysis on the system as it is i.e. considering the system without any 
CBM. Second analysis would be considering the CBM. Top-down approach should be done as in 
the influence on the important parameters should be considered. The other parameters should 
only be considered if necessary. The things which need to be focused on when introducing CBM 
is the Investment Cost, its effect on maintenance and operation costs (direct costs), indirect 
costs, check if the availability is improved and try to quantify it. 

 

3.2.2 SCANIA 
About the company: Scania is a leading manufacturer of heavy trucks, buses and coaches and 
industrial and marine engines. Scania is a global company with operations in Europe, Latin 
America, Asia, Africa and Australia. It has its headquarters in Sweden.  

 

Minutes of the meeting at SCANIA 

What is the main reason for not considering CBM? 

Most of the problems with old machinery are quite obvious and can be fixed easily such as 
mechanical faults. 

Some problems especially the ones with the controllers may not be fixed at all since the 
suppliers who sell them don’t know how to fix them as they become obsolete very quickly. 
Hence CBM is of no use for these types of components. 

Issues considered when choosing alternatives: 

 Spare parts list and the costs of from suppliers 
 Mean time to repair 
 Proof from the supplier about the availability and maintainability during the period in 

which the payment is made for the machine. 
 Quality of the products is checked after the installation 
 Maintenance costs 
 For how long do the suppliers keeps the spares 
 Capacity, flexibility/rigidity 

They use a standard set of regulations for the machinery and the production equipment where 
they discuss with the suppliers about how the machines and equipments have to be designed. 
These set of regulations are updated frequently.  
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To do a systematic Failure Mode and Effect Analysis for maintenance issues, first it should be 
proven that it is feasible to invest in it. 

The procedure also needs a lot of man hours, experienced personnel and also a lot of money. 
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3.3 Using the CATLOC software to show the results [8] 

About the CATLOC software: CATLOC is a Life Cycle Cost/ Life Cycle Profit analysis 
software tool. It supports all the primary uses of LCC. Different use of LCC typically requires 
different LCC models and in CATLOC, the LCC model is given as input data. 

The objectives and features of CATLOC are: 

 It is capable of handling any user-defined LCC model. 

 Building different cost breakdowns is easy and the flexibility is very high as in the results 
are not limited to and focused on a single LCC tree. 

 It supports model templates that contain model structure. 

 The graphical result views help to improve the understanding and interpretation of the 
results. 

 It supports the use of defaults to gradually improve model accuracy rather than 
enforcing detailed parameter values. 

 It can be used for the management and comparison of several input data sets. 

 Data can be imported/exported efficiently. Not just input parameter values but also cost 
structures. 

 It enables sensitivity analyses. 

 

Building an LCC model 

This is done in two steps in CATLOC. First is building the LCC model which involves defining the 
cost breakdown structure and setting up the parameters needed. Once this has been designed 
it can be saved as a template and reused. 

Cost breakdown structure: LCC is typically broken down in a cost breakdown structure also 
called an LCC-tree where it is expressed as a sum of sub-costs or cost aggregates. These sub-
costs are recursively broken down until the cost atoms are found which are at the lowest level 
and which cannot be further broken down. These cost atoms are defined explicitly in terms of 
parameters, constants or arithmetic operations. 

There are three input tables related to the cost breakdown structure: 

 Cost atom: definition of the cost atoms including mathematical formulae for calculating 
them 

 Cost aggregate: List of aggregate identifiers and descriptions 
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 Cost structure: Implicit definition of cost views describing how the cost aggregates are 
built up from cost atoms and other cost aggregates. 

Defining the parameters: The cost atoms are expressed as mathematical formulae consisting 
of constants, parameters and operations. Before using a parameter in a cost atom, it must be 
defined in the parameter table. The value of each parameter can either be set by giving a 
constant in the parameter value table or by defining a formula in the parameter table. 

In CATLOC, all cost atoms and parameters are defined upon members in five dimensions: 

 Material: Systems and items in the material breakdown structure 

 Task: Corrective and preventive tasks performed on the technical system 

 Resource: Resources required for operation and maintenance of systems 

 Station: Stations where systems are operated and maintenance is performed 

 Time: The time periods of interest 

Besides defining costs in one of the five dimensions, costs can be defined for a combination of 
the dimensions. For example, the cost atom “repair cost for items at a station a given year”, 
would be defined in the material, station and time dimensions. 

Feeding the LCC model with data:When the LCC model is completed, it can be used to set 
up a specific case and populate the model with data. There are three types of data defined in 
three input tables: 

 Parameter data 

 Structure parameter data 

 Cost atom values 

Populating the dimensional tables can also be part of feeding the LCC model with data. The 
default rules allow for stepwise refinement of the LCC model. In early stages of the project 
when correct data is not available, default parameter data can be estimated on a high level. As 
the project proceeds and more accurate data becomes available, the model can be updated 
with more detailed data 

 

Calculations and data retrieval:The calculation model in CATLOC is very flexible since 
it is fully user defined. It is constructed by the use of cost atoms and parameters that are 
defined in the five dimensional spaces.  

Cost atoms:At the core of the CATLOC calculation model are the cost atoms. A cost atom is 
defined to be the lowest significant level in the cost analysis and corresponds to a leaf on the 
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LCC tree. What is to be considered significant or not is determined by the user and is not 
predefined by the model. 

Each cost atom can be defined in up to all five dimensions, but it can also be dimensionless. In 
each dimension, a domain has to be stated. The domain determines for which combinations of 
objects, the value of the cost atom shall be determined. 

The calculations are performed for all combinations of objects called multiples, from the 
domains where the cost atom is defined. Each cost atom has niobjects associated in dimension 
i. The niobjects are the ones associated to the domain. 

Parameters:The parameters bear a lot of resemblance to the cost atoms. They are defined in 
the same manner on a set of domains. The parameters, unlike the cost atoms, do not initialize 
calculations. They are only calculated in case they are included in a cost atom function. 

 

Data Retrieval:The cost atoms and the parameters can be assigned values. This can be 
done either by explicitly giving a value for all possible multiples of objects associated to the 
domain of the given cost atom/parameter. However, since many values can be common to 
several multiples, it is also possible to set values implicitly through the use of default rules. The 
use of default rules makes it possible to give values on different levels of detail. 

 

CATLOC Results: The result window is a graphical viewer where one can compare results 

from one or several scenarios. The result can be displayed as a bar graph, pie chart or a pivot 
table. The main advantage of using CATLOC over other calculation tools is the flexibility and 
ease with which the results can be interpreted. This is very important because it helps for easier 
understanding of the costs involved and the results can be customized depending on the 
people in the supply chain. For example, the production manager would want to concentrate 
on the operations cost of the whole life cycle cost whereas the higher management would want 
to where and when they will get their returns in the investment. 
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Chapter 4: Conclusion 
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Maintenance is a necessity, which is agreed upon by everyone. It not only prolongs the life of a 
machine, increasing the availability thus increasing production, it plays a big role in viewpoint of 
the environment. Condition based maintenance though involves high initial investment, is 
profitable through a longer period.  

An effective Life Cycle Management is the need of the hour which considers not just simple 
payback in choosing the alternatives but a whole life cycle analysis in which condition 
monitoring is considered. 

With the interaction had with the companies and the software tools available for the life cycle 
cost analysis, a generalized model can be created which helps in decision making and which can 
be used in managing any asset. 
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System : Electric Motor

Sub-System : Power Distribution System

Failure of the Transformer (critical)

1.Insulation to Ground                                                                                                                                                                                                                                                   
2.Winding Shorts                                                                                                                                                                                                                                                                    

3.Loose Connections                                                                                                                                                                                                                                                      
4.Electrical Vibrations

1.Will cause the electrical system to fail                                                                                                                                                                                                                       
2.Will cause both a potential electrical problem 

and can be a fire hazard                                                                                                                                                
3.May be the root cause for the other faults and 

also a potential noise hazard

No or less power distribution due to Damaged 
Cables (critical)

1.Thermal Breakdown                                                                                                                                                                                                                                       
2.Contamination                                                                                                                                                                                                                                                            

3.Shorts and Grounds                                                                                                                                                                                                                                                   
4.Open Connection/Broken Conductors

1.Will cause other cable faults due to insulation 
failure                                                                                                                                                                                                                                                                                    

2.May cause thermal breakdown, shorts or 
grounds                                                                                                                                                                                           

3.Will cause failure of the system 

RCM II 
INFORMATION
WORKSHEET.

Function Functional Failure Failure Mode Failure Effects. Decision on CBM

1.Electrical Signature Analysis 
should be done to check the 

condition of all electrical 
components, including power 

quality analysis.                        
2.Motor Circuit Analysis should 
be done to check the condition 

of all insulation systems 
including capacitors, cabling, 

transformer and the early 
detection of winding

shorts and rotor conditions

To Distribute Power within 
the Motor

Required Power Quality is not achieved

1.Change in voltage and current harmonics                                                                                                                                                                                                                                
2.Voltage Fluctuations                                                                                                                                                                                                                                                            

3.Power Factor                                                                                                                                                                                                                                                                                                         
4.Sags/Swells and Transients                5.Overload

1.System heating, degradation of
electronic components and controls       2.Can 

cause winding failure in the motor  3.Can cause 
winding overload, cable faults.



System : Electric Motor

Sub-System : Controls and Motor Control 
Center

Decision on CBM

To Control and Regulate 
power in the motor Required power is not available

1.Loose Connections                                                                                                                                                                                                                                                
2.Bad Connections                                                                                                                                                                                                                                                            

3.Bad Contactor Coil                                                                                                                                                                                                                                                                                                         
4.Control Ciruit Fuse                                               

5.Failure of Power Factor Correction Correctors

1.Will cause system failure if left uncorrected                                                                                                                                                                                                    
2.Will cause system failure                                                                                                                                                                                                                                                
3.Will cause system failure                                                                                                                                                                                                                                           
4.Will cause system failure                                                                                                                                                                                                                                              

5.Less or no impact on electrical system

1.Monitoring Required                                                                                                                                                                                                                                                 
2.Monitoring Required                                                                                                                                                                                                                                          

3.Monitoring not required                                                                                                                                                                                                                               
4.Monitoring not required                                                                                                                                                                                                                                  
5.Monitoring not required

RCM  
INFORMATION
WORKSHEET.

Function Functional Failure Failure Mode Failure Effects.



System : Electric Motor

Sub-System : Motor

Electrical Faults

1.Winding Shorts                                                                                                                                                                                                                                                       
2.Insulation to Ground Faults                                                                                                                                                                                                                                                                    

3.Contamination                                                                                                                                                                                                                                                            
4.Rotor Faults                                                                                                                                                                                                                                                                          

5.Air Gap Faults

1.Will cause the electrical system to 
fail                                                                                                                                                                                                                       

2.Will cause a potential electrical 
problem                                                                                                                                                                                                            

3.May be the root cause for the 
other faults                                                                                                                                                                                                             

4.May cause electrical problems but 
very rare                                                                                                                                                                                                           

5.Will cause electrical system to fail

1.Monitoring is recommended                                                                                                                                                                                                                                 
2.Monitoring is recommended                                                                                                                                                                                                                                                            
3.Monitoring is required                                                                                                                                                                                                                                         
4.Monitoring is not considered                                                                                                                                                                                                                                 
5.Monitoring is considered

RCM 
INFORMATION
WORKSHEET.

Function Functional Failure Failure Mode Failure Effects. Decision on CBM

To convert the electrical power to 
mechanical rotation

Failure to rotate at the required speed/no 
rotation

1.Bearing failure                                                                                                                                                                                                                                                                 
2.Bad Mechanical Fits                                                                                                                                                                                                                                                            

3.Vibrations/Unbalance                                                                                                                                                                                                                                                                                   

1.Can cause system failure if broken 
or reduce performance

2.Same as bearings                                                                                                                                                                                                                                                              
3.Will reduce long term reliability 

and also a noise hazard

1.Monitoring is recommended                                                                                                                                                                                                                                 
2.Monitoring is considered                                                                                                                                                                                                                                                            
3.Monitoring is considered



System : Electric Motor

Sub-System : Coupling and Pump 

RCM II 
INFORMATION
WORKSHEET.

Function Functional Failure Failure Mode Failure Effects. Decision on CBM

To pump the cooling water

Failure to pump the cooling water

1.Misalignment of the coupling                                                                                                                                                                                                                                
2.Insert wear in the coupling                                                                                                                                                                                                                                          

3.Pump seal faults                                                                                                                                                                                                                                                          
4.Impellor wear                                                                                                                                                                                                                                                                               
5.Bearing faults                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

1.May cause premature failure of 
system components

2.Can cause failure of euipment                                                                                                                                                                                                                                        
3.Can cause safety issues due to 

water leakage                                                                                                                                                                                                      
4.Will cause the system to 

eventually not meet operational 
requirements                                                                                                                                             

5.Can cause euipment failure

1.Monitoring is not 
considered                                                                                                                                                                                                                                 

2.Monitoring is considered                                                                                                                                                                                                                                               
3.Monitoring is considered                                                                                                                                                                                                                                       

4.Monitoring is 
recommended                                                                                                                                                                                                                                   
5.Monitoring is 
recommended



CBM Technologies to be used Function

Vibration Analysis

To detect mechanical conditions as early as possible.It is 
determined that a quarterly check will be performed on the 
pump.

Infrared Analysis

To detect loose connections, some power issues, electrical 
issues and mechanical faults. It is determined that a semi-
annual check will be performed.

Electrical Signature Analysis

To check the condition of all electrical components, including 
power quality analysis, and to support the detection of 
potential mechanical failures.It is determined that a quarterly 
check will be performed.

Motor Circuit Analysis

To check the condition of all insulation systems including 
capacitors, cabling, transformer and the early detection of 
winding shorts and rotor conditions.It is determined that a 
quarterly check will be performed.


