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ABSTRACT  
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HISTORICAL BREAKDOWN DATA FROM A CMMS: Exploring the possibilities for CBM in 

the Manufacturing Industry 

Tutors: Marcus Bengtsson, Volvo Construction Equipment , Antti Salonen, Mälardalen 
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Maintenance, Condition-Based Maintenance,  P-F curve, Autonomous Maintenance, 

Computerized Maintenance Management System, Failure, Fault, Root-cause analysis, 

Effectiveness, Efficiency, Maturity models. 

Purpose: Explore how historical data from a CMMS can be used in order to improve 

maintenance effectiveness and efficiency of activities, and investigate the possibilities for 

CBM in the manufacturing industry in context of digitalization. 

Research questions: RQ1: To what extent could condition-based maintenance or other 

maintenance types been used in order to predict, prevent or in other way eliminate historical 

breakdowns/faults? 

RQ2: Which significance has an organization's degree of maturity to reduce the number of 

breakdowns? 

Method: A case study was performed at Volvo Construction Equipment Operations in 

Eskilstuna, who manufactures machineries for the construction industry. The case study was 

compiled in two phases. Phase one was a quantitative study where raw data were collected 

from a CMMS and tabulated in order to later perform in-depth analysis. Phase two was 

designed to collect information that generated a wider understanding of the research area, by 

performing interviews and observations. A literature study was performed to compare the 

empirical findings with peer-reviewed information to ensure the quality of the study. The 

data is compiled and analyzed with an abductive approach. The analysis was followed by a 

discussion of how the research findings could support identifying possibilities of different 

maintenance types in the future. 

Conclusion: The result showed that using historical breakdown data from a CMMS can be 

useful in order to identify organization’s current state and what possibilities different 

maintenance types has to decrease the number of breakdowns. To what extent the 

breakdowns can be decreased relies not only on the maintenance type but also an 

organizations maturity level. The case study´s result showed that by combining different 

maintenance types and increasing degree of maturity, Volvo could decrease the historical 

breakdowns with 86,5%. By only using CBM with current maturity level, 56% of the historical 

breakdowns could be predicted. However, to decide how many breakdowns that is cost-

effective to prevent and precisely what maintenance type that should be used requires a cost 

analysis which this study is not covering. 
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Syfte: UTFORSKA HUR HISTORISK DATA FRÅN ETT CMMS KAN ANVÄNDAS FÖR ATT 

FÖRBÄTTRA UNDERHÅLLSAKTIVTETERS EFFEKT OCH EFFEKTICITET: Undersöka 

möjligheterna för CBM inom tillverkningsindustrin i samband med digitaliseringen. 

Forskningsfrågor: RQ1: I vilken utsträckning hade tillståndsbaserat underhåll eller andra 

underhållstyper kunnat användas för att förutsäga, förebygga eller på annat sätt eliminera 

historiska drifstopp? 

RQ2: Vilken betydelse har en organisations mognadsgrad för att minska antalet drifstopp? 

Metod: En fallstudie utfördes hos Volvo Construction Equipment Operations i Eskilstuna, 

som tillverkar maskiner för byggindustrin. Fallstudien genomfördes i två faser. Fas ett var en 

kvantitativ studie där rådata samlades in från ett CMMS och tabulerades för att senare kunna 

genomföra en djupanalys. Fas två var utformad för att samla information som genererade en 

bredare förståelse av forskningsområdet än vad rådatan kunde tillhandahålla, där intervjuer 

och observationer genomfördes. En litteraturstudie utfördes för att jämföra de empiriska 

fynden med granskad information för att säkerställa kvaliteten på studien. Uppgifterna 

sammanställs och analyseras med ett abduktivt tillvägagångssätt. Analysen följdes av en 

diskussion om hur forskningsresultaten kunde stödja att identifiera möjligheter för olika 

underhållstyper i framtiden. 

Slutsats: Resultatet visade att användningen av historisk drifstoppsdata från ett CMMS kan 

vara användbart för att identifiera organisationens nuvarande tillstånd och vilka möjligheter 

olika underhållstyper för att minska antalet drifstopp. I vilken utsträckning driftstoppen kan 

minska beror inte bara på underhållstypen som använs utan även en organisationens 

mognadsgrad. Fallstudiens resultat visade att genom att kombinera olika underhållstyper och 

ha en hög mognadsgrad kunde Volvo minska de historiska drifstoppen med 86,5%. Genom 

att endast använda CBM med nuvarande mognadsgrad kunde 56% av de historiska 

drifstoppen förutsägas. För att bestämma hur många driftstopp som är kostnadseffektiva att 

förhindra och exakt vilken underhållstyp som ska användas krävs att en kostnadsanalys 

genomförs, vilket denna studie inte täcker. 
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1 INTRODUCTION 

This chapter provides a background and problem statement that describes why the 

research topic is relevant and vital. Further, the project purpose and research questions are 

clarified. Finally, is the project limitations is given.  

1.1 Background 

Production maintenance is one of the most critical aspects of manufacturing companies in 

the work of staying competitive (Bengtsson & Salonen, 2011; Fraser, Hvolby, & Tseng, 2015). 

With a growing Lean maturity the focus on equipment availability and efficient maintenance 

has increased (Bengtsson & Salonen, 2011). Except improving items up-time, maintenance is 

also crucial for preserving high product quality, increasing safe work environment, and 

decreasing direct and indirect manufacturing costs (Al-Najjar & Alsyouf, 2003). Maintenance 

has not always been seen as a vital natural player in business strategies to remain 

competitiveness towards the market changes, the approach of maintenance has evolved from 

something that was considered as “necessary evil” to be a competitive strategy (Alsyouf, 

2007). For organizations to create total effectiveness in maintenance and preserve a 

prominent position on the market, it is essential to improve both effectiveness and efficiency 

of processes (Bengtsson & Salonen, 2016). Neely, Gregory, & Platts (1995) express the 

difference between effectiveness and efficiency in following way “Effectiveness refers to the 

extent to which customer requirements are met, while efficiency is a measure of how 

economically the firm’s resources are utilized when providing a given level of customer 

satisfaction” (p. 80).  

Maintenance has gotten even more focus along with the advancement of Industry 4.0. There 

are high expectations of the future manufacturing system which involves excellent 

maintenance management (Bokrantz, Skoogh, Berlin, & Stahre, 2017; Patwardhan, Verma, & 

Kumar, 2016). Bokrantz et al. (2017) also emphasize that the focus around maintenance 

management tends to be on technical aspects, due to all devices such as; machines, material, 

and products is predicted to be connected together in a network by installed sensors, 

communications technology and linked to each other in a Cyber-Physical-System (CPS). This 

concept will generate a vast amount of data (Big data). This data will only create value when 

being used properly. Therefore one challenge is to develop processes that produce high-

quality maintenance data for the decision-making process (Bokrantz et al., 2017).  

The increasing development of complex production systems coupled with increased demand 

for higher performance maintenance systems has led to new challenges for monitoring 

activities (Al-Najjar & Alsyouf, 2000). Due to the demand of monitoring devices Predictive 

Maintenance (PdM), also called Condition-Based Maintenance (CBM) has become an 

additional part of CPS and been announced as a critical player in the process of 

implementing Industry 4.0 (Chiu, Cheng, & Huang, 2017; Kans, Campos, Salonen, & 

Bengtsson, 2017). However, CBM is not a new maintenance strategy. Already in 1964, (Quinn 

in Collins, 1964) used a quote in his doctoral dissertation stating: "Predictive Maintenance 

involves the use of sensing, measuring, or control devices to determine whether there have 

been significant changes in the physical condition of equipment. Various visual, audio, 
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electronic, pressure, thermal, etc. devices may be used for periodic inspection of equipment 

to determine major change in condition"(p. 25). 

1.2 Problem statement 

Cooke & Paulsen (1997) defined proper preformed maintenance such as "(1) seeing very few 

corrective maintenance events; while (2) performing as little preventive maintenance as 

possible" (p.136). The definition is similar to the objectives of CBM; reduce corrective 

breakdowns, continuously improve the productivity, and reduce total maintenance costs 

(Chiu et al., 2017). Al-Najjar & Alsyouf, (2004) state that the idea of CBM can form 

maintenance into a profit department, and according to Rastegari (2017) on-line condition 

monitoring is a cost-effective work method if applied correctly. Many implementation 

attempts of CBM improvements end up in vain (Rastegari & Bengtsson, 2015). Moubray 

(1997) States"... It is not unusual to find that condition monitoring  as defined in this part of 

this chapter is technically feasible for no more than 20% of failure modes, and worth doing in 

less than half these cases"(p.155). Walker (2005) declares three reasons why CBM is not 

implemented successfully: (1) Select an inappropriate Condition monitoring technique (2) 

The Condition monitoring technique is incorrectly applied (3) No Condition monitoring 

implementation strategy has been used. The process of selecting the correct Condition 

monitoring technique starts with identifying the customer/stakeholders requirements of 

exact needs both in strategic long and short-term (Bengtsson & Salonen, 2016).  

The purpose of Condition monitoring is to discover failures in an early state before they 

occur, it requires knowledge about failures characteristics; how they develop and how they 

affect the equipment (Möller & Steffens, 2006). If a failure doesn’t have a degradation 

pattern it is no purpose of using CBM (Moubray, 1997; Möller & Steffens, 2006). Thus, to 

prevent corrective maintenance (CM), it is essential to identify what type of error pattern 

failures have and how to monitor them. By using computerized maintenance management 

(CMMS) data from e.g., failure reports, disturbances, scheduled preventive maintenance, etc. 

can be used to enable maintenance efficiency and effectiveness actions (Kans, 2009).  

As mentioned earlier, there is an extensive focus on the possibilities of CBM in the context of 

digitalization. However, to improve maintenance effectiveness and efficiency of activities it is 

vital to consider basic maintenance principles (Kans et al., 2017). Thus, a problem has been 

identified; a gap between manufacturing industry’s current maintenance maturity and the 

expectations of CBM in the realization of digitalization as expressed in the literature. 

Therefore this study is performed in order to get an indicator of what are realistic 

expectations on CBM in the fourth industrial area. Hence, this study focuses on exploration 

on how historical data from a CMMS can be used in order to improve maintenance 

effectiveness and efficiency of activities, and to investigate the possibilities of CBM in the 

manufacturing industry, in relation to its maturity, in context of digitalization. 
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1.3 Purpose and research questions  

Due to the high focus on CBM in the context of Industry 4.0 (Bokrantz et al., 2017) this 

study’s purpose is investing to what extend CBM or other maintenance types could have been 

used historically to create total maintenance effectiveness. Given the fact that many 

implementation attempts by CBM have failed (Rastegari & Bengtsson, 2015), the study will 

also explore if an organizational degree of maturity has an impact on achieving effectiveness 

and efficiency of maintenance actions. To perform this study, among other things, historical 

breakdown data from a CMMS was collected and analyzed. The purpose of the study is 

visualized in figure 1. 

 

Figure 1 Research purpose 

To fulfill the research purpose, the following researcher questions have been formulated: 

RQ1: To what extent could condition-based maintenance or other maintenance 

types been used in order to predict, prevent or in other way eliminate 

historical breakdowns/faults? 

Based on the background and problem statement above, there are different opinions about 

the possibilities of CBM in the context of digitalization. Therefore, research question one is 

designed to get an indicator of what expectations that is reasonable to have on CBM in the 

realization of Industry 4.0. 

RQ2: Which significance has an organization's degree of maturity to reduce 

the number of breakdowns? 

In the discussion of CBM in context of digitalization, focus is on technical solutions and less 

studied on how basic maintenance activities are related to CBM. Therefore the second 

research question is designed to evaluate how the organization's maturity level influence the 

possibilities to reduce breakdowns/faults. 

 

 

http://synonymer.woxikon.se/en/significance
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1.4 Project limitations 

Primarily, the project approach and research findings are directed to the manufacturing 

industry. The study covers following maintenance types; CBM, Predetermined maintenance 

(PM), Corrective maintenance (CM), and Autonomous Maintenance (AM). The project will 

not in-depth elaborate on any condition monitoring techniques such as e.g., vibration 

monitoring or cost-effectiveness. The studied equipment is limited to a total of eleven 

machining centers from two different suppliers, Japanese and German. Depending on the 

supplier the machine has a different control system. The machines are purchased in the same 

year and are performing similar processes such as; axle housing and transmission housing. 

No exact utilization statistics of the machines were determined due to project time limitation. 

Historical breakdown data was collected from a CMMS between 2015-2017. No disturbance 

data was included in the study. 
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2 MAINTENANCE CONCEPTS IN CONTEXT OF 

DIGITALIZATION 

This chapter provides information about maintenance types with approaches in the context 

of failure characteristics, digitalization, and organizational maturity. 

2.1 Maintenance types 

Maintenance has been defined in different ways by various authors. Kobbacy & Murthy 

(2008) formulates a definition as follows "total asset lifecycle optimization which means 

maximizing the availability and reliability of the assets and equipment to produce the desired 

quantity of products, with the required quality specifications, in a timely manner. Obviously, 

this objective must be attained in a cost-effective way and in accordance with environmental 

and safety regulation” (p. 22). The European standard SS-EN 13306 (2010) has used the 

definition "the combination of all technical, administrative and managerial actions during the 

life cycle of an item intended to retain it in or restore it to, a state in which it can perform the 

required function" (p. 5).  

Maintenance can be performed by various actions which are divided into different categories. 

In this study, the categories are called “maintenance types”. The term is taken from the 

standard SS-EN 13306 (2010) and to avoid confusion all terms will further be defined by the 

standard SS-EN 13306 (2010). Definitions from other authors may be used to show 

alternatives, for example has “type” been used synonymously with “approach”, “action” and 

“strategy” (Shin & Jun, 2015; Rosmaini & Kamaruddin, 2012; Duffuaa, Ben-Daya, Al-Sultan, 

& Andijani, 2001). 

Maintenance types and the relationship between them is visualize in figure 2. (SS-EN 13306, 

2010). 

 

Figure 2Maintenance types (SS-EN 13306, 2010) 

As figure 2 shows, maintenance can roughly be classified into two main categories, Corrective 

Maintenance (CM) and Preventive Maintenance (Duffua et al., 2001). Different models of 
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hierarchy between the maintenance types exist, e.g., Shin & June (2015) has CBM at the same 

level as corrective and preventive maintenance. 

Corrective Maintenance  

CM can be defined as “Maintenance carried out after fault recognition and intended to put an 

item into a state in which it can perform a required function” (SS-EN 13306, 2010, p.13). As 

synonyms to CM; Breakdown maintenance or failure-based maintenance is sometimes used 

(Shin & Jun, 2015; &  Al-Najjar &Alsyouf, 2003). CM can further be divided into deferred CM 

and immediate CM actions. SS-EN 13306 (2010) define deferred CM such as: “corrective 

maintenance which is not immediately carried out after a fault detection but in accordance 

with given rules” (p.13) and immediate CM as follows:  “corrective maintenance that is 

carried out without delay after a fault has been detected to avoid uncatchable 

consequences”(SS-EN 13306 (2010, p. 13). CM is a strategy that is usually not to prefer, due 

to high levels of machine downtime and need for repair or replacement, which leads to 

production losses and other indirect and direct costs (Tsang, 1995). Another drawback with 

CM and unplanned maintenance actions is aspects such as; safety, environmental issues, and 

quality. On the other hand, CM actions are never performed unnecessarily. Thus corrective 

maintenance can be seen as the least complicated condition monitoring approach (Bengtsson 

& Lundström, 2108).  

Preventive Maintenance  

The other branch of maintenance types is preventive maintenance, SS-EN 13306 (2010) use 

following definition “Maintenance carried out at predetermined intervals or according to 

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

functioning of an item” (p. 12). The primary purpose of PM is to minimize the numbers of 

breakdown and breakdown time. This strategy entails reducing lost production and ensures 

higher quality and so also lower costs (Usher, Kamal, & Syed, 1998). Preventive maintenance 

can be performed by be predetermined (periodic) maintenance or CBM. 

Predetermined Maintenance  

One definition of predetermined maintenance is: “Preventive maintenance carried out in 

accordance with established intervals of time or number of units of use such as scheduled 

maintenance but without previous item condition investigation” (SS-EN 13306, 2010, p, 12). 

Time-based maintenance (TBM) is sometimes used tantamount to predetermined 

maintenance (Ahmad & Kamaruddin, 2012). Predetermined maintenance can be performed 

based on experience, original equipment manufacturer (OEM) recommendations, or on a 

scientific approach. (Ahmad & Kamaruddin, 2012). Recommendations from OEM are not to 

prefer (Ahmad & Kamaruddin, 2012; Marquez & Gupta, 2006). Labib, (2004) gives three 

main reasons for that; (1) equipment designer has, in general, lower knowledge about the 

maintenance of the machines needs to be adapted to, e.g., the company’s strategy and safety 

guidelines and the operator of the machine. (2) The equipment can be operating in unique 

conditions that can provide various maintenance needs. (3) OEM companies can have other 

interests than the purchasing organization. For example, the OEM company wants to 

maximize the selling of spare parts and recommends higher maintenance activities than 

needed (Labib, 2004). To only use the experience as maintenance method also has large 

disadvantages. Ahmad and Kamaruddin (2012) present two main reasons; (1) it is risky to 
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rely on unique peoples, what will happen if this person is sick, on vacation or leaves the 

company? (2) The maintenance expertise people may not be present on the production floor 

to solve future maintenance problems. The predetermined maintenance process based on 

scientific approach is in general divided into two phases. The first phase is a failure data 

analysis/ modeling, which will provide the basis for phase two, the decision- making process 

(Ahmad & Kamaruddin, 2012; Pham &Wang, 1996). A challenge with predetermined 

maintenance is to establish efficient and effective frequencies. If the intervals are too long, 

there is a risk that breakdowns/faults occur between predetermined preventive maintenance 

activities. On the other hand, intervals may be too short which can lead to unnecessary 

maintenance costs and unnecessary closure of equipment, but at the same time probably 

preventing the breakdown/fault (Bengtsson & Lundström, 2018).  

Condition-Based Maintenance 

One definition for CBM is "preventive maintenance which includes a combination of 

condition monitoring and/or inspection and/or testing, analysis and the ensuing 

maintenance actions” (SS-EN 13306, 2010, p. 12). CBM and predictive maintenance are 

sometimes used as synonyms (Rastegari, 2017) and in other cases are they separated, SS-EN 

13306 (2010, p.12 ) define predetermined maintenance as followed “condition-based 

maintenance carried out following a forecast derived from repeated analysis or known 

characteristics of the significant parameters of the degradation of the item”. In this study is 

CBM and PdM bee is seen as synonyms and to avoid confusing will only CBM bee used to 

mention the maintenance type. 

2.2 Condition-Based Maintenance 

Already in 1964 the maintenance type CBM was mentioned (Quinn in Collins, 1964) and 

since then it has been developed. In the maintenance strategy, Reliability-centered 

Maintenance (RCM) condition monitoring is playing a vital part (Moubray, 1997) and today 

CBM has been announced as a critical player in the realization of Industry 4.0. (Bokrantz et 

al., 2017; Patwardhan et al., 2016) .CBM is a maintenance type used to dynamically plan 

maintenance actions instead of planning them predetermined by any scheme. The purpose of 

CBM is to monitor an item to discover if a problem exists, how long the equipment can run 

before failure, and identified related components that can diagnose the problem (Moubray, 

1997; Murthy, Atrens &Eccleston, 2002).  

To plan maintenance dynamic, collecting information is an essential part of CBM. The data 

that is collected is often categorized in two main variants, event data, and Condition 

monitoring data. Event data is information data that cover specific events such as 

installations, reparations, and breakdowns. Condition monitoring is collecting data on items 

current health (Jardine, Lin & Banjevic, 2006). CBM measuring system is sometimes 

collecting both data types, but Condition monitoring is the dominant collecting variant and 

the fundamental of CBM (Jardine et al., 2006), this study is limited to evaluate the 

possibilities of CBM with condition monitoring data collection and therefore is this chapter 

focusing on CdM. 
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2.2.1 Condition Monitoring 

Condition monitoring is defined by SS-EN 13306 (2010) as an “activity performed either 

manually or automatically, intended to measure at predetermined intervals the 

characteristics and parameters of the actual state of an item” (p. 14) The purpose of 

Condition monitoring is to; (1) collect current updated information about equipment 

condition to plan maintenance in a proper time and prevent failure, (2) and increase the 

knowledge of parameters that has an impact on failure and what effect and what effect it 

causes (Bengtsson, 2007; Ahmad & Kamaruddin, 2012). If a condition monitoring method is 

used successfully, it will prevent a shorter life-cycle cost of a system (Greenough & Grubic, 

2011). Condition monitoring can be carried out in different ways by using various 

approaches, which is shown in figure 3. 

 

Figure 3 Overview of condition monitoring approaches (Bengtsson, 2007) 

Condition monitoring includes many different techniques, it is a big task to present all of 

them, and that is outside this study’s limitations. Moubray (1997, p 150) has defined four 

significant categories for condition monitoring techniques designed to potential failure 

effects: 

• Dynamic effects 

• Particle effects  

• Chemical effects 

• Physical effects 

• Temperature effects 

• Electrical effects 

 

Condition measurement performed by a technical instrument is an objective monitoring 

approach, for example thermal camera to detect temperature effects in a switchboard 

(Rastegari, 2017). Human sense configures subjective monitoring approach, e.g., sees if the 

machine is dirty or changes in color (Ahmad & Kamaruddin, 2012). Two downsides with 

subjective monitoring are that failures often are detected late in the degradation failure 

pattern curve and that the monitoring quality depends on the observer. The advantages of 

subjective monitoring are that the instrument (the human) can measure many different 

parameters while objective normally detects one. It can also be a cost-effective alternative if it 

is performed by humans that are working near the items, such as operators. Humans can also 

analyze the information while objective instruments only collecting the data (Moubray, 

1997). 
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Objective condition monitoring can be performed by using measurement systems or by 

humans with hand-held measurement. With measurement systems data of the equipment’s 

condition can be collected in real-time (on-line) which enable continuous monitoring 

(Ahmad & Kamaruddin, 2012). For example, have sensors installed on gearboxes to collect 

vibrations continuously, this allows an alarm to warn when an error has been detected, and 

the collected data can be automatically or manually analyzed. Periodical monitoring can be 

performed by humans with hand-held measurement instrument or by measuring systems at 

fixed intervals, e.g., every shift. Some machine centers can only be monitored during a 

particular program running, in this occasion, continuous measurement is not possible. With 

hand-held measurements the collected data can be transferred to a computer and 

automatically or manually analyzed. This method also includes subjective monitoring 

(Ahmad & Kamaruddin, 2012).  

 

Jardine et al. (2006) present two limitations with on-line monitoring: "(1) it is often 

expensive; (2) to continuously monitor raw signals with noise produces inaccurate diagnostic 

information" (p. 1498). On the other hand, Rastegari (2017) is stating that there is no precise 

model for calculating maintenance cost to compare it with production cost. Rastegari (2017) 

has also shown with an empirical study on on-line condition monitoring of fans that if the 

online method is applied correctly, it is then a cost-effective way of working. Greenough & 

Grubic (2011) is also pointing out that if on-line CBM is used successfully, it will prevent a 

lower life-cycle cost of a system (Greenough & Grubic, 2011). Rastegari (2017) also mentions 

one other benefit with on-line monitoring over off-line, which is to monitor in unsafe or hard 

operation environment.  Elbhbah, & Sinha (2013) are also stating that on-line monitoring can 

result in a huge amount of data, which need a highly skilled workforce to analyze.  

 

Jardine et al., (2006) also presents two benefits and two downsides with off-line monitoring. 

The advantages are that periodic monitoring is more cost-effective and provide a more exact 

diagnosis by using highly analyzed data then on-line monitoring. However, Ahmad & 

Kamaruddin (2012) are stating that off-line monitoring is very sensitive due to incorrect 

recording and censoring effects. The disadvantages are that there is a risk of missing failures 

between inspections. And the main challenge of periodic monitoring is to calculate the 

optimal condition monitoring interval. 

 

However, Moubray (1997,p. 155) states that: “…condition monitoring techniques can be 

spectacularly effective when they are appropriate, but when they are inappropriate they can 

be a very expensive and sometimes bitterly disappointing waste of time.”. Therefore, the 

criteria for assessing if condition monitoring is technically feasible and worth doing should be 

based on particular accuracy terms (Moubray, 1997). 
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2.2.2 Measuring instruments  

What instrument that should be used to monitor an item depends on the parameters that 

should be measured. To select the correct monitoring technique, equipment faults and failure 

can be analyzed with the goal of finding the root cause, both in order to eliminate the 

breakdowns but also to analyze which parameter that can indicate that a fault or failure will 

occur in a near time (Rastegari, 2017). Rastegari (2017) has highlighted factors that should be 

considered while selecting condition monitoring technique: (1) the availability of the 

instrument to monitor the parameters, (2) the competence and manpower required to use 

the instruments technology, (3) the cost-effectiveness of applying the techniques, (4) 

organizational, economic and technical aspects, (5) sensor features and sensors installation 

requirements, such as sensors placement on machines. In CBM is vibration- condition 

monitoring (VCM) the most common technique. It can provide useful data to monitor the 

rotating parts in especially high-speed machines, such as bearings, gearboxes, fans, and 

pumps (Randall, 2011). Companies can choose to develop in-house expertise in condition 

monitoring or hire external contractors (Rastegari, 2017). 

2.3 Failures and faults in the context of CBM 

The purpose of CBM is to monitor an item to discover if a problem exists, how long the 

equipment can run before failure (Mobley, 2002). To do this, knowledge must be gathered 

about how failures and faults occur, how they develop and how they affect the equipment 

(Möller & Steffens, 2006). For example, if a failure pattern cannot be measured, then it is no 

purpose of using CBM (Moubray, 1997; Möller & Steffens, 2006; Mobley 2002). Therefore, 

the purpose of this chapter is to clarify different characteristics of failures behavior over time.    

SS-EN (2010) define failure as followed; ”termination of the ability of an item perform a 

required function” (p.9) and fault “state of an item characterized by inability to perform a 

required function, excluding the inability during preventive maintenance or other panned 

actions, or due to lack of external resources” (SS-EN 2010, p. 11). SS-EN (2010) clarifies the 

definitions further with three notes; (1) “After failure the item has a fault, which may be 

completed or partial.”, (2) “”Failures” is an event, as distinguished from ”fault”, which is a 

state.”, (3) “The concept as defined does not apply, to items consisting of software only.”. In 

(p. 11) one more note is added regarding the differences in failure of fault “A fault usually 

results from a failure, but in some circumstances it may be pre-existing fault.” (p. 9).  

Many failures have no relation to age; however, a significant part has early indicators that 

they are failing (Moubray, 1997). Moubray (1997) visualize the failing process by a P-F curve. 

The curve is shown in figure 4. The “P” stand for the point when a failure can be detected, this 

point is called potential failure and Moubray (1997, p. 144) define the term such as “A 

potential failure is an identifiable condition which indicates that a functional failure is either 

about to occur or in the process of occurring”. The “F” represents the point of functional 

failure which is a result if the P point is not detected and corrected. The time between the P 

and F point is defined as “The P-F interval is the interval between the occurrence of a 

potential failure and its decay into a functional failure” (Moubray, 1997, p. 145). The P-F can 

therefore be seen as a warning period. If CBM is used the inspection intervals shall be shorter 
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than the P-F interval, in reality the half P-F interval is generally sufficient. What condition 

indicator to measure the P-F interval depends on the components characteristics, e.g., 

running time, unit of output, etc., but the most common measuring unit is elapsed time due 

to practical reasons (Moubray, 1997). 

 

Figure 4 The P-F curve (Moubray, 1997, p. 144) 

For CBM to be technically feasible Moubray (1997, p. 149) has stated four criterias: 

• It is possible to define a clear potential failure condition. 

• The P-F interval is reasonably consistent. 

• It is practical to monitor the item at intervals less than the P-F interval. 

• The nett P-F interval is long enough to be of some use (in other words, long enough 

for action to be taken to reduce or eliminate the consequences of the functional 

failure). 

 

The P-F curve represents a central part in the maintenance strategy RCM which is defined as 

“ a process used to determine what must be done and to ensure that any physical asset 

continues to do what its user wants it to do in its presenting operating context. (Moubray, 

1997). RCM fundament is based on seven questions regarding assets or systems, as follows 

(Moubray, 1997, p.7):  

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

presents operating context? 

• In what ways does it fail to fulfill its tasks? 

• 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? 
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In RCM, the questions are mainly asked in advantage to predict a failure, in this study the P-

F interval curve has been used in the opposite direction, a breakdown has occurred and then 

the questions are used to finding out relevant information.  

 

According to Goode, Moore & Roylance (2000) and Plucknett (2010) the P-F curve is not 

covering enough and adds an I-P interval to the model. This interval represents the time 

between installation and potential failure. “Detecting potential failure is simply not enough 

today to consider your PdM program a success. For each detected potential failure, we must 

also determine the specific cause of failure. We need to know: what has caused this potential 

failure and most important, can this cause be eliminated?” (p.1). Plucknett (2010) also states 

that “The objective of all world-class maintenance and reliability organizations should be to 

work to maximize the I-P Interval.” (p. 1). Without any RCA or elimination of failures, the 

failures will recur and never be solved. CBM will only predict failures never eliminate them 

(Goode et al., 2000; Plucknett, 2010). 

 

In some cases the I-P interval has been stretched to a D-P interval, as ranges starts from the 

equipment design (installation) phase. To increase the I-P interval as far as possible 

Bengtsson & Lundström (2018) states that necessary maintenance actions must not be 

forgotten, e.g., cleaning, lubrication, inspections, changing of filters, etc., it is also in the I-P 

or even in D-P interval where failures honestly can be prevented. This is shown in Bengtsson 

& Lundström (2018) modified P-F curve, see figure 5. 

 

 

Figure 5 An example of a ball bearing P-F curve with added I-P interval (Bengtsson & Lundström, 
2010; Plucknette, 2010; Moubray, 1997). 
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2.3.1 Maintenance types in context of failure characteristics 

What maintenance strategy to use can simplified be defined after failure frequency and 

development time (Möller & Steffens, 2006). Moubray´s (1997) P-F curve is designed for 

failures with a degradation failure pattern (Fig. 6.3). Not all failures have a development time 

and occur more infrequently (Fig. 6.4). Fig. 6.1 shows failures arise in reasonable regular 

frequency time and Fig. 6.2 failures that happen irregularly (Möller & Steffens, 2006). 

 

Figure 6 Failure frequencies and degradation pattern. Adopted from (Möller & Steffens, 2006; 
Bengtsson & Lundström, 2018) 

 

The failure characteristics can be combined and divided into four main categories (figure. 7). 

 

Figure 7 Four main failure categories. Adopted from (Möller & Steffens, 2006; Bengtsson & 
Lundström, 2018) 

Depending on category, different maintenance types can be more or less beneficial 

(Bengtsson & Lundström, 2018; Möller & Steffens, 2006). For failure category A (figure 7A) 

predetermined maintenance types such as calendar based, time-based, or run-time are most 

suitable. CBM is the most suitable maintenance type for failure category B (figure 7B) that is 

common with mechanical components. Most components have wear-out failures on, e.g., 

bearings, shafts, sliding surfaces, coupling bodies, etc. and usually develop for a more 

extended period if the component is not exposed to external impacts or material issues 

(Möller & Steffens, 2006). Failures in category D (fig 7D) can be hard to predict or prevent 
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therefore can CM be necessary or most cost-effective choice. A summary of the different 

failure categories with most suitable maintenance types presented in figure 8. 

 

 

Figure 8 Four main failure categories with suitable maintenance types. Adopted from (Möller & 
Steffens, 2006; Bengtsson & Lundström, 2018) 

What maintenance type to utilize on components with failure behavior shown in figure 8.C 

depends on the specific context, both predetermined and CBM is possible. Failure behavior D 

is very common in electrical and electronic components (Möller & Steffens, 2006). This 

failure type is harder to predict and prevent, depending on the cost issue it can be more or 

less suitable to use CM or design-out maintenance (DOM) (Bengtsson & Lundström, 2018; 

Möller & Steffens, 2006). While selecting maintenance strategy it is vital to consider the 

operation condition of the asset (Moubray, 1997) and other aspects such as; safety, 

environmental care, quality and costs (Bengtsson & Lundström, 2018), one way to do this a 

go further in the maintenance development is to use a criticality analysis such as RCM (Kans 

et al., 2017).  

2.4 Prerequisites of CBM in Manufacturing Industries  

The new industrial era is significant where everything is connected wirelessly by a cyber-

physical system in smart factories. Smit, Kreutzer, Moeller, & Carlberg, (2016) use the 

following definition of Industry 4.0 “Industry 4.0 describes the organization of production 

processes based on technology and devices autonomously communicating with each other 

along the value chain in virtual computer models.”(p. 20). 

The vision of Industry 4.0 is possible through IoT, wireless communication, sensor networks, 

and tracking/tracing solutions in production. This technical development provides a 

significant amount of data (big data) (Monostori et al., 2016). The systems that make it 

conceivable to store and process this massive amount of data will have the capability of 

leading industry from preventive to predictive maintenance (Patwardhan et al., 2016). Not 

only maintenance management but also the realization of digitalized manufacturing is 
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expected to rely on predictive tools (Yang, Bagheri, Kao & Lee, 2015). According to Bokrantz 

et al (2017) the expectation of maintenance solutions in the context of industry 4.0 is high 

and much confidence is put on the technological developments. For example, collaborative, 

predictive, real-time and remote maintenance has been highlighted as focus areas in e-

maintenance (Muller, Crespo Marquez, & Iung, 2008). 

 

It has been predicted that big data will give rise to decision support in maintenance 

(Bokrantz et al., 2017). Patwardhan (2016) state “Ability to access and process these large 

data sets will lead from preventive to predictive maintenance and eventually to smart 

manufacturing.”. Challenges related to big data have been defined as “…data only has value 

when used, which required the development of competence, resources and systems that 

enable maintenance organizations to make use of their data.”( p.437). To avoiding creating 

unnecessary data Kans et al. (2017) state: “Instead of striving for connecting every machine 

in the production process and create an Internet of Things, it is smarter to create an Internet 

of Something’s, i.e. to choose items to connect based on the criticality of the item. “(P. 6-7). 

 

As the information above indicates there are different opinions about CBM´s possibilities in 

the future. Rastegari (2017) and (Moubray, 1997) state that CBM has shown to be a successful 

maintenance strategy if applied correctly but at the same time it can be a waste if the 

implementation is not suitable for the context. Thus many implementation attempts of CBM 

improvements end up in vain (Rastegari & Bengtsson, 2015). Three reasons for that can be; 

inappropriate condition monitoring technique, incorrectly applied condition monitoring 

technique, or no condition monitoring strategy has been used (Walker, 2005). It has also 

been identified that condition monitoring is suitable in 20% of failure modes (Moubray, 

1997). Moubray (1997) explains further that the provided statics does not mean that CBM 

should not be used; it shows it is important to remember that CBM is only a part of the 

solution to predict and prevent failures. 

2.4.1 The role of organization's maturity in the context of digitalization 

Kans et al., (2017, p. 6) states to get the greatest benefit from digitalization in maintenance: 

“The core competencies and resources direct the digitalization projects with respect to what 

to do and how to do it; the most important is to match the digitalization effort to the maturity 

of the organization, thus not to digitize over one's ability and needs.”. This quote takes into 

account maintenance related waste, which in turn is linked to an organizations effectiveness 

(effect) and efficiency. Effectiveness can be described as “doing correct thing” and efficiency 

as “doing things correctly” (Bengtsson & Osterman, 2014).Efficiency is related to direct 

maintenance cost such as; repairer man-hours or spare parts. Effectiveness is linked to 

indirect maintenance cost such as; unnecessary or poorly performed maintenance actions 

which is visualized in figure 9 (Bengtsson & Salonen, 2016). Companies have shown to 

struggle with calculating indirect costs and are instead focusing on direct costs (Bengtsson & 

Salonen, 2011). 
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Figure 9 Maintenance effectiveness (effect) and efficiency created (Bengtsson & Salonen, 2016) 

Bengtsson & Salonen (2016) state that” Truly good maintenance cannot be achieved until 

both effectiveness and efficiency is taken into consideration.” (p. 3). Therefore an 

organization must consider both effectiveness and efficiency to avoid maintenance related 

waste. Effectiveness and efficiency are vital to reach total effectiveness in improvement work. 

It has also shown that an organizations maturity has an impact on output (Bengtsson & 

Osterman, 2014). Figure 10 visualizes a process model for creating efficiency and 

effectiveness improvements. Some parameters have been highlighted as extra vital while 

performing the process: 

 Identify the current state 

 Identify the desired state 

 Complete the implementation at a controlled speed 

 Minimizing the effort 

 Maturity in lean 

 

Figure 10 Improvement process model (Bengtsson & Osterman, 2014). 
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The importance of maturity is also noted in the work of implementing information 

technology. Kans et al., (2017) states that “Successful digitalization is dependent on the 

capabilities of the company, and the ability to utilize IT for reaching business goals is 

reflected in the IT maturity of an organization.” (p. 2). When organizations were 

implementing digitalization, there has been a trend of investment decisions to focus on the 

technical aspects rather than how the technology should be utilized, which is an indication 

that the organization has a low IT- maturity. A mature organization is first defining the true 

organizational need and then purchases technique t that meets those needs, not the other 

way around. Digitization can also be a tool for creating business opportunities for an IT-

maturity organization (Kans et al., 2017). 

2.4.2 Maintenance Maintainability and Supportability 

Maintainability 

Maintenance maintainability is considered how resource effective disturbance or failures is 

corrected. It covers both corrective and preventive maintenance. This study will only include 

corrective. SS-EN, 13306 (2010) defines maintenance maintainability  as follows" Ability of 

an item under given conditions of use, to be retained in, or restored to, a state in which it can 

perform a required function when maintenance is performed under given conditions and 

using stated procedures and resources.” (p. 7). One metric in maintainability maintenance is 

Mean Time to Repair (MTTR). MTTR is the time required for corrective maintenance. Thus, 

it is a maintenance activity that occurs after a failure has been detected. The time unit is 

usually hours if nothing else is given (Bengtsson & Salonen, 2007). 

 

Supportability 

Maintenance supportability indicates how well a maintenance organization is consuming 

other resources then MTTR that is connected to replacement or repairer, such as; ordering 

and waiting for spare part, hires external competence if needed, perform a safety control, etc.  

SS-EN, 13306 (2010) defines maintenance supportability as follows:” Ability of maintenance 

organization of having the right maintenance support at the necessary place to perform the 

required maintenance activity at a given instant of time or during a given time interval.” (p. 

6). In maintenance, supportability is metrics that calculates different waiting times included. 

Time for preventive and corrective maintenance is calculated separately in order to detect 

where improvements can be made. This study is only performing calculations on corrective 

maintenance time. Some metrics included in supportability maintenance is Mean Down Time 

(MDT), Mean Time Waiting (MTW), and Mean Logistic Down Time (MLDT) (Bengtsson & 

Salonen, 2007).  

 

How VCE Op Esk is calculating maintainability and supportability metrics is presented in the 

empirical chapter. 
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2.4.3 Computerized Maintenance Management System and maintenance type 

decision 

What is sometimes forgotten is that digitalization of maintenance has been implemented 

since the middle of the twentieth century with the introduction of computers in industry. By 

documenting in CMMS much data on, e.g., failure reports, disturbances, planned preventive 

maintenance, etc. have been used to enable maintenance efficiency and effectiveness actions 

(Kans, 2009). 

 

One way CMMS has been used is to determine which maintenance type that is most 

appropriate. The information from the CMMS can enable to perform a decision-making grid 

(DMG) that is proposed by Labib (2004). Simplified, the model is based on downtime, 

frequency of failures and cost. The first step is to determine what equipment that is most 

critical. This is done by establishing the equipment with the highest downtime and frequency 

of breakdowns during a specific time (Labib, 2004). Downtime can be represented by MTTR 

and frequency by Mean Time between failures (MTBF). To choose the most critical 

equipment, e.g., Pareto analysis or ABC- type classification depending on a case companies 

work methods can be used (Rastegari & Mobin, 2016). After the most critical items are 

selected, the items can then be placed in the grid at various positions and thus read which 

maintenance type is most suitable for the machine. See figure 11. 

 

Figure 11 A Decision-making grid. Adopted from (Labib, 2004 & Rastegari & Mobin , 2016) 

Rastegari & Mobin (2016) made a case study at a Swedish manufacturing industry based on 

the DMG method. The result of the 13 most essential machines is visualized in figure 12. The 

result showed inter alia, that only one machine (86300) was near the CBM box. 
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Figure 12 Result case study decision-making grid (Rastegari & Mobin, 2017) 

Rastegari & Mobin (2016) added that the method needed more practical testing and if two 

identical machines are running in the same environment but are placed in different grids the 

recommendation is that maintenance engineers should perform more analysis related to 

maintenance concepts as TPM and RCM to select a suitable maintenance type. 

2.5 The foundation of maintenance and CBM 

Although these advancements along technical dimensions of maintenance undoubtedly hold 

great potential to improve future manufacturing systems, there is also a need to consider “the 

new” with “the old” (Bengtsson & Lundström, 2018). Bengtsson & Lundström (2018) 

performed a case study on ball bearing breakdowns in a fan system. The fan system was 

located in an automated paint shop and was considered as critical, and the case company’s 

employees had a feeling that there was a lot of disturbance and breakdowns on the fan 

system. The case company purchased a vibration measurement system and external service, 

this resulted in a similar amount of disturbances occurred and that the number of 

breakdowns was reduced and converted to plan potential failures instead. The case study 

continued with a root-cause failure analysis which resulted in that a lubricant with a lower 

viscosity was implemented and the lubrication process was changed. The changes lead to 

lower temperature and friction of the bearings which resulted in a longer lifetime of the 

components. It also provided a decreasing energy consumption, man-hours due to lower 

demand for dismantled lubrication, and reduces the vibration measurement frequency to 

twice per year due to higher reliability. The improvements resulted in decreasing 

maintenance actions on the fan system from 115 to 57. This case study indicates to reach total 

maintenance effectiveness it is vital to both focus on technical advancement (when there is a 

business case for it) and developing skills, tools for root-cause failure analysis, basic 

maintenance concept and management to increase safety, environmental care, quality and 

reliability/availability (Bengtsson & Lundström, 2018). 

Nakajima et al., (1989) also note the importance of fundamental maintenance work. 

Nakajima et al., (1989) argues that breakdowns are a result of the incorrect assumptions and 
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firm perceptions of engineers, maintenance staff, and operators. The solution to this problem 

is to work cross-functional and divide the responsibility for the equipment. According to 

Nakajima et al., (1989, p. 100) operators shall perform the following tasks: 

1. Maintain basic conditions (cleaning, lubrication, bolting) 

2. Maintain operating conditions (proper operations and visual inspection) 

3. Discover deterioration, mainly through visual inspection and early identification of 

signs of abnormalities during operation 

4. Enhance skills such as equipment operation, setup, and adjustment, as well as visual 

 

The idea behind the autonomous maintenance concept is that operators should feel 

responsibility and ownership of the production equipment they operate. The reason for AM is 

that operators should inspect and react to abnormalities. To achieve this, the operators need 

time, training, motivation and dedication. If digitalization is used correctly, technology can 

free up more time for operators, and inspections in AM can be automated. Knowledge can 

also increase with the new technology. It is emphasized that operators still need to be 

committed and take responsibility for the equipment. Otherwise, the technology will not 

reach expected output. Despite how advanced the technology is someone still needs to clean 

and lubricate the machinery (Nakajima et al., 1989). 
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3 RESEARCH METHOD 

This chapter presents the research method used to perform this study. The purpose of this 

section is to show: how the project where conducted, why specific methods were used, and 

discuss related research quality issues. 

Research design has been described as “an action plan for getting from here to there, where 

here may be defined as the initial set of questions to be answered, and there is some set of 

conclusions (answers) about these questions” (Yin, 1994, p. 19). The purpose of a research 

design is to generate accurate data to answer and discuss the research problem (Blomkvist & 

Hallin, 2015). Research design can be qualitative or quantitative and have an inductive or 

deductive approach (Yin, 1994; Merriam, 1994 &Ejvegård, 2009). A combination of inductive 

and deductive approach is called abductive. This degree project was divided into two parts; 

part one is quantitative research with an inductive approach, and part two is qualitative with 

a deductive approach. The whole degree projects methodology can be defined as; A 

qualitative case study with an abductive method. Figure 13 visualizes the two project phases 

and the process scheme of the study from start to finish. 

 

Figure 13 Method scheme. Adopted from Blomkvist and Hallin (2015) 

 

3.1 Case study  

A case study is a study of a specific phenomenon, for example, a program, a person, or an 

event. By focusing on only one phenomenon, the ambition is to highlight the interaction 

between critical features that characterize the phenomenon (Merriam, 1994). By taking a 

small part of an extensive system, the phenomenon is used as a reference to reality (Ejvegård, 

2009). The purpose of a case study is to show the characteristics of the phenomena as the 

case is an example of (Guba & Lincolns, 1981). 



22 

This degree project is a case study due to breakdowns is an event, and two different machine 

groups were selected as a representative of an extensive system (Volvo CE Op Esk machine 

centers in the factory), for representing the reality. An advantage of this approach is that only 

a part of the entire system must be studied, and yet information can be conveyed to the 

reader. The downside is that a single case can never adequately represent an entire system. 

Therefore, the conclusions must be expressed with caution and strengthened by other 

indicators pointing in the same direction and developed by other research methods 

(Ejvegård, 2009). In order to increase the quality of the study, it would be desirable to carry 

out the same project on reference systems, for example at other Volvo CE factories in Sweden 

with similar production. Unfortunately, this opportunity did not exist due to not exceed the 

time limit of the projects. 

3.1.1 Part 1: Quantitative with deductive approach 

Significant for the quantitative method is that studied areas should be measurable and that 

the results should be presented numerically (Ejvegård, 2009). The methods are 

predetermined and structured, and data collection tools are "non-living," such as a computer. 

The goal of quantitative research is, for example, testing hypotheses, and predicting or 

controlling phenomena. The benefits of quantitative research are that a large population is 

measured by the same variables, which gives a good indication of the spread (Merriam, 

1994). 

Part one of the project consists of quantitative research; raw data from total 11 different 

machines were collected from a CMMS and processed with a predetermined and structured 

method. All 386 work-orders were analyzed in the same way, which is a deductive approach. 

With a deductive approach, means that there was first a theory and then data was collected to 

check if the reality was in line with the theory (Merriam,1994). The difference between 

deductive and inductive approach can be described as follows; deductionally oriented 

researchers hope to find information that fits in with a theory, while inductive researchers 

want to find a theory that can explain the information they have (Merriam, 1994).  Figure 14 

visualizes how deductive and inductive methodology has been used in this study. 
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Figure 14 Deductive and Inductive approach. Adopted from Brogren & Fridholm (2017) 

A deduction is a final line where the conclusion follows from the prerequisites. This means 

that logical conclusions are based on true premises. If it is known that the premises are true, 

the conclusion must also be true. A disadvantage of deduction is that if the premises are false, 

the conclusion is also false (Andersen, 1994).  

Example of deductive method: 

Premise1: All round objects consists of cheese 

Premise2: The moon is round 

Conclusion: The moon consists of cheese. 

 

The deductive approach in this study is the categorization process. The categorization process 

consists of seven main questions. The questions are based on premises and whether the 

work-orders to breakdowns fit into the premise or not are conclusions made. 

Example of deductive method taken from chapter 4.5.2. 

Permise1: Failure with degradation failure pattern is possible to predict.  

Premise 2: The failure had a degradation failure pattern 

Conclusion: The failure could have been predicted.  

 

This study does not include testing if the used premises are true, the reason is that it would 

include testing lifecycles and property changes in components. Implementing such study can 

take a very long time. Therefore, the premises are assumed based on scientific literature.  

This aspect results in reduced quality of the study. This has taken into account and therefore 

much time has been spent on performing the literature study thoroughly. 

In example 1, the conclusion of the premise is only logic if the moon is round. The conclusion 

must be logic to be true (Ejvegård, 2009). Thus, it is also important to be able to define that 

the moon is round. One quality disadvantage of the quantitative method of this study is that, 

although the method is predetermined and standardized, a person must interpret from the 
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free text in the work-orders of a breakdown if a failure fits into the premises or not. In 

relation to example 2, a person must define if a failure has a degradation failure pattern or 

not.  To make sure that the person always assesses the work-orders, in the same way, 

definitions have been developed.  

Finally, a quantitative method with deductive approaches was chosen due to the previously 

published studies maintenance types often uses a qualitative method of inductive 

approaches. Moubray´s (1997) seven basic questions for RCM is an example of a qualitative 

study of CBM. Furthermore, it is advantageous to study a research area with different 

research methods and compare results if they point in the same direction or not (Ejvegård, 

2009). One of the significant counter-arguments for qualitative studies is that the 

methodology is altogether too subjective and that collected data and analysis results are 

highly dependent on the researcher (Andersen, 1994). 

3.1.2 Part 2: Qualitative with inductive approach 

Qualitative approaches have the primary purpose of concealing and understand the meaning 

of a particular phenomenon, and how all component of the event are collaborating to form 

the phenomena. Unlike quantitative research that is focusing on the components itself and 

not the relationship between them (Merriam (1994). 

Qualitative researchers are more interested in processes than results and what is the 

"natural" background to the phenomenon being studied. In qualitative studies, the researcher 

is the primary tool for collecting data and analyzing it (Merriam, 1994). The advantage of 

having a living method instrument (as opposed to non-living in quantitative studies) is that 

the researcher can be flexible and use a technique that suits the individual situation, develop 

and change the direction of the study during the process of the study, and use unstructured 

methods (Guba & Lincoln, 1981). Fieldwork is also typical in qualitative studies, unlike 

quantitative. The researcher must physically search for places, people or situations to see how 

the phenomena were acting in their natural environment (Merriam, 1994). 

Qualitative method is also primarily inductive. Pure inductive research begins with data 

collection like empirical observations or any measurements and develops theoretical 

categories based on the relationships found in the information. Inductive research is 

generally developing concepts, hypotheses, and theories rather than testing them as in 

quantitative methods with deductive approaches. 

Project Part 2 is qualitative and inductive due to the project phase consists of interviews, 

observations, and a workshop. The whole degree projects methodology can be defined as; a 

qualitative case study with an abductive method. Due to abductive approach is a combination 

of an inductive and deductive method (Blomkvist & Hallin, 2015). In abductive method 

includes going back and forth between research activities such as theoretical and empirical 

data, this allows a greater understanding of the studied area (Dubois & Gadde, 2002). The 

abductive method also enables the study to change direction during the process, and this was 

a must due to the empirical data that was supposed to be collected in part two was defined 

first after part one was completed. 
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3.2 Literature search 

To find relevant information for the literature study and relevant academic articles and 

journals, search engines like Primo and Google Scholar were used. Peer-reviewed articles 

were used to ensure that experts in the area have reviewed the content. The books used were 

carefully chosen by ensuring that they were used more widely by publicly known exams in the 

area. The information from the booklets was also compared with later published material to 

ensure relevance and quality. 

Keywords used: Digitalization, Maintenance concepts, Predictive Maintenance, P-F curve, 

Condition-Based Maintenance, Predetermined Maintenance, Autonomous Maintenance, 

Computer Maintenance Management System, Failure, Faults, Root-cause analysis, 

Effectiveness, Efficiency, Maturity models.  

3.3 Data collection  

The methods used to collect data in this study are reported in this chapter and presented in 

table 1. Each method is further presented separately in the following section. 

Table 1 Data collection activity and method 

Data collection activity  Data collection method  

Data collection from CMMS Descriptive statistics with tabulation approach 

Interviews during: 

Weekly management support meetings and workshop 

Unstructured  

Interviews with: 

Maintenance Managers and Team leaders 

Semi-structured 

Observations during: 

 Visit in production cells 

Observe as participant 

Observation during: 

Workshop 

Participating observer 

3.3.1 Descriptive statistics with tabulation approach 

Statistics may have different meanings, in this context it refers to a collection of data. 

Descriptive statistics includes principles, methods, and techniques for compiling, presenting, 

mapping and interpreting empirical data. The collected empirical data is commonly called 

raw data, and the descriptive statistics are a method of visualizing the information contained 

in the raw material. Statistics usually uses a tabulation approach, which means to summarize 

the raw data and show it in a compressed way in tables for further analysis (Befring, 1994). 

To perform this process smoothly Excel was used.  

The raw data in this study is the 386 work-orders extracted from the CMMS program. There 

are different “views” in the CMMS to collect the data from. There can be small differences 

between these views, such as the number of breakdowns included. It was a must to use 

different views due to all needed data was not available in only one view. To ensure that the 

same breakdowns were included in all views the data was cleaned before it was processed by 
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tabulation. The cleaning process included deleting multiple work-orders. Five multiple was 

found, that gives a margin of error on average 0, 13 % (5/391=0, 01278). 0, 13 % indicates 

that if the cleaning process was lacking, should it not give high impact on the empirical 

results.  

3.3.2 Interviews  

In case studies, interviews are a standard method of collecting qualitative information. There 

are different types of interview forms, what kind of information that is needed decides what 

interview form to choose (Merriam, 1994). The idea behind interviews is to gain more 

knowledge about how individuals think and providing new dimensions to the studied 

phenomenon (Blomkvist & Hallin, 2015) 

The most structured interviews are almost like surveys where questions are predetermined 

and in which order they should be asked. Conversely, the open structure is more like a 

regular conversation. Therefore, no prewritten questions are used in unstructured interviews 

(Merriam, 1994). Unstructured interviews are useful when the researcher does not have 

enough knowledge of the phenomenon to ask relevant questions. One of the purposes of this 

type of interview is, therefore, to gather enough knowledge to formulate questions for other 

upcoming interviews. Excellent insight and understanding can be achieved with this method. 

The disadvantage is that the researcher risks losing himself in the ocean of different opinions 

and non-coherent information. Ending completely unstructured interviews is rarely 

prejudicial as the only data collection method (Merriam, 1994). 

Unstructured interviews 

Weekly management support meetings 

During the first part of the project, a weekly meeting took place every Monday for an hour. 

This meeting was an unstructured interview. The meeting participants could vary due to 

depending on which subject that was supposed to be discussed but consist mostly of the 

author, Volvo CE Op Esk maintenance manager, and a maintenance specialist. The purpose 

of the weekly meeting was to review current project phase and get feedback on results from 

processed empirical data. The weekly meetings gave new perspectives, and initial thoughts 

were challenged.  

A risk of the meeting could become that the participants' opinions influence the outcome of 

the study to a non-health extent or confuse the researcher with new inputs (Merriam, 1994). 

Factors that contradict the issue are that the manager had long experience of maintenance in 

the manufacturing industry and high practical knowledge of machine centers. The 

maintenance specialist also had a considerable carrier in the manufacturing industry but with 

more focus on theoretical aspects due to the specialist also is a scientist in maintenance and 

holds a Ph.D. in maintenance management. The different backgrounds of the two persons 

contributed to a more objective and higher quality of the discussions (Ejvegård, 2009). The 

two meeting participants had worked for a long time together and had no issues with 

disagreeing with each other. In connection with other project activities, discussions were also 

held with production managers, production cell leaders, operators, technical engineers, 
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repairmen, and other maintenance staff (specialists and managers); this contributed to 

inputs from different levels in the organization. 

During the unstructured interviews, notes were taken during the meetings in the form of 

summaries of discussions or descriptive images with comments. If there was a need, also 

summaries of the unstructured interviews were documented immediately after the meetings. 

The used recording and evaluation technique is considered to be of a lower quality standard 

than tape recording (Merriam, 1994). In this situation, it felt unnecessary to record due to the 

meetings took place every Monday, which resulted in great opportunities for follow-up. 

Workshop 

During project part two a workshop was conducted with various maintenance specialists. The 

author both led and participated in the workshop. Therefore, the workshop was both a form 

of an unstructured interview and participatory observation. Objectives of the unstructured 

interview, in this case, were not to acquire knowledge of designing other semi-structured or 

structured interviews but obtaining a general understanding of, among other things, the 

characteristics of machines. A similar workshop had never been performed before and 

therefore no questions could be formulated in advance. During workshops, curiosity is 

important, and therefore the interviewer must be flexible and encourage innovative thinking. 

With pre-formulated questions, there is the risk that they had killed the activity or taken the 

discussion in an undesired direction. During the workshop notes were taken, photographs 

were taken of images drawn on whiteboards, and directly after the workshop was a 

summation made. 

There is no section in the empirical chapter that separately presents information collected 

during unstructured interviews, but above all, the seven questions in the categorization 

process and its premises were formulated during these weekly meetings. Therefore the 

author believes it is essential that the reader receives information about these unstructured 

interviews for understanding how the categorization process was designed to assess the 

research quality of it. 

Semi-structured interviews 

Semi-structured interviews have certain specific topics that can be answered in several ways, 

and are also suitable for comparing data, keeping the information similar, thus making 

comparison easier to implement (Bryman & Bell, 2007). Semi-structured interviews also 

tolerate greater flexibility in approaching respondents uniquely and still receive all relevant 

information as compared to structured interviews (Baharein & Noor, 2008). 

After project part one had been performed, the author had more knowledge about the studied 

phenomena, through e.g., unstructured interviews and the author wanted to explore if there 

was any connection between maturity level and reducing breakdowns/faults. To collect the 

information semi-structured interviews was chosen due to its benefits to compare 

information, to keep the interviews within the study frame and allows flexible answers.   

Two different interview questionnaires to different responders were conducted. One 

questionnaire designed to production managers and team-leaders regarding how the specific 
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cell works with improvement of processes and AM. These interviews were performed 

together with structured observations in the cell. The second questionnaire was developed for 

interviews with maintenance managers at different levels at Volvo CE Op Esk about their 

view on digitalization and maintenance. Table 2 visualizes the interview scheme.  

Table 2 Interviews and respondents of semi-structured interviews 

Respondent Position Conceptual framework 
Questionnaire 1 or 

2 

X1 Maintenance manager Digitalization and maintenance  1 

X2 Maintenance manager Digitalization and maintenance  1 

X3 Maintenance manager Digitalization and maintenance  1 

X4 Maintenance manager Digitalization and maintenance  1 

TL1 Team leader Ref Cell Improvements processes   and AM 2 

TL2 Team leader cell x Improvements processes   and AM 2 

PM1 Production manager cell y Improvements processes   and AM 2 

The number of interviews to be performed was depending on what quality and relevance the 

collected information had. The aim with interviews was to achieve empirical fullness 

(interviews do not contribute with more relevant information) (Blomkvist & Hallin, 2015).  

The interview questions were designed to meet the purpose of the research questions. The 

interviews always started with supporting background information to explain the research 

and the purpose of the interview, this to avoid misunderstandings. Additional clarifications of 

questions or topic were conducted as needed. 

To record and evaluate the interviews, detailed notes were taken directly on the computer. 

The note process proceeded as follow: The respondent answered a question, and then the 

interviewer summarized the answer and read it out loud to confirm that the interpretation 

was correct. Sometimes specific quotes that were significant for the interview were recorded. 

This method was used due to the fact that there was no time for recording and then 

transcribe. An advantage of not using audio recording is that the respondent sometimes feels 

more comfortable and speaks freely. One disadvantage is that the interviewer makes his 

interpretation of the material and puts his own words on the information. 

All questions except one of the form were opened-ended this to minimize the impact on the 

answers (Ejvegård, 2009). The interview questions are presented in table 3 and 4. 

 

 

 

 

 



29 

Table 3 Interview questions in questionnaire 1 

Nr Questioner 1 

1. Based on your own perspective, what is the main purpose of Industry 4.0? 

2. According to you, how can online CBM and the information it generates be used to best 

reduce overall maintenance costs? 

3. In order to reduce the total maintenance cost in the factory where you work, what area do 

you think is most important that it works as planned. Rank the work areas, where 1 is the 

area you consider most important and 9 least important.  

 Online CBM, 

 AM  

 Root cause analysis, 

 Predetermined maintenance 

 Continuous Improvements 

 CMMS Activity Reporting  

 Competence Development (Maintenance staff),  

 Competence Development (Other Staff, e.g. operators etc.),  

 Spare Parts Optimization 

4. What is your organization's biggest challenge to reduce overall maintenance costs? 

5. How do you work today to meet your challenges? 

Table 4 Interview questions in questionnaire 2 

Nr Questioner 2 

1. Is your cell working with AM instructions? 

2. Has your cell any routines for following-up AM work? 

3. Is your cell working with improvements? 

4. Is your cell working with Kaizen? 

5. Is your cell working with Team Plan? 

6. Is your cell working cross-functional? 

3.3.3 Observations  

For observations to be considered as a scientific information collection tool, four criteria 

must be met (Merriam, 1994);  

 The observations must meet an explicit research purpose. 

 The observations must be planned. 

 The collected information must be systematically recorded.  

 The observations must meet validity and reliability criteria.  

 

As observant, different roles can be taken depending on the situation and what you want to 

achieve. In this study "participating observer" and "observer as a participant" has been used. 

The first mentioned refers to when the observer was participating (working) and 

simultaneously informing that you are observing. The second means that the observer is 

interacting with studied people by asking question etc. but not performing any work parallel 

(Blomkvist & Hallin, 2015).  
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Observer as a participant 

The role as an “observer as a participant” was taken during fieldwork in productions cells 

when team leaders and managers were interviewed. Daily score boards and quality 

documentation related to AM and improvement process was observed. All four criteria was 

fulfilled in following way; (1) the observation findings are included in the research 

conclusion, (2) the observations were planned after identified a need during the unstructured 

observation, (3) the collected information was structured documented together with the 

answer to the questions in the second questionnaire, (4) The process was well documented 

and due to the findings were used to conduct the conclusion it was also relevant. 

Participating observer 

During the workshop the researcher was taking a role as a “participating observer". This due 

to the researcher led the workshop. All four criteria were fulfilled; (1) the observation 

findings are included in the research conclusion, (2) The observation during the workshop 

was planned (3) Notes was taken continuously during the workshop and summarized directly 

after the session ended, (4) ) The process was well documented and due to the findings were 

used to conduct the conclusion was it also relevant. 

3.4 Data analysis 

Due to that both quantitative and qualitative data has been collected two different analyses 

methods were use, univariate analysis (quantitative analysis) and thematic analysis 

(qualitative analysis).  

Those analyses that consisted of numerical answers, e.g., "To what extent could CBM have 

reduced historically breakdowns/faults?" were processed with univariate analysis. Univariate 

analysis was chosen due to it allows studying one variable at the time and making statistics 

description of it (Blomkvist & Hallin, 2014). Excel was used to perform the univariate 

analysis. The computer tool made it possible to get an overview of the statistics and easier 

found relevant analysis categories that could be used in the quality analysis.  

After the numerical answers were prepared, a thematic analysis was used to process 

theoretical and empirical data (both quantitative and qualitative) together in a structured 

manner. Analyzing with structure allows a greater understanding of the data and simplifies 

the process to combine theoretical data with empirical data systematically (Blomkvist & 

Hallin, 2014). 

3.5 Case study Company in context with company presentation 

A critique of case studies is that it is not an image of reality but should only be seen as 

indications (Ejvegård, 2009). Had other extraneous systems been investigated in the project 

as references, the results would most likely have been different. This does not mean that the 

result from only a part of a large system cannot be generalized and be an indicator of reality, 

but it is important to understand the organization to interpret the results (Merriam, 1994). 

Therefore, a description of the case company is presented in this section. 
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Volvo Construction Equipment (Volvo CE) is a business area within the Volvo Group and has 

since the 1950s been focused on manufacturing machinery for the construction industry and 

other related industries around the world. By the end of 2016, the company had 

approximately 13 000 employees worldwide, 3700 in Sweden, and around 1800 located in 

Eskilstuna. 

In 1975, the current factory of Volvo CE Operations Eskilstuna's was built in Hällby, just 

outside Eskilstuna. In 2017 the factory had approximately 650 employees. The factory 

manufactures driveline components, such as axles for articulated hauler, wheel loaders, and 

wheel loader transmissions. In the factory there are machining, curing, assembly and 

painting. The company is a subcontractor of Volvo CE's assembly plants in Braås Sweden 

(Articulated hauler), Arvika Sweden (Wheel Loader), Shippensburg USA, and Pederneiras 

Brazil. Volvo CE´s products, spare parts, and service are offered in more than 125 markets. 

In figure 15 Volvo CE Op Esk organization structure is visualized. It's a flat organization with 

the general manager on the top with the sub-organizations; Finance, HR, Internal 

Communication & Administration Support, Environment Health & Safety, Quality & VPS, 

Manufacturing Engineering, Logistic, Production, and Maintenance. The subdivisions 

position in the organizational structure enables them to work cross-functional. 

 

Figure 15 Volvo CE Eskilstuna Organization structure (Volvo Group, 2018) 

Maintenance primary customer is the production department. Production own the 

equipment and is ordering the maintenance departments services. At the same time, the 

maintenance department must communicate with the other subdivisions to ensure that 

decisions taken are in line with the other division's guidelines and the company´s overall 

goal. 
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3.6 Research quality  

Evaluating the quality of research is a vital but challenging task. Yin (1994) states four 

criteria’s to review the quality of the research; construct validity, internal validity, external 

validity, and reliability. What actions that where taken in this study to meet the four quality 

criteria are presented below. In qualitative studies the researchers are usually the primary 

data collection instrument, therefore is it vital to reflect over to what extent the researcher 

have an impact on the research findings (Merriam, 1994). 

Internal Validity (To what extend is the result matching the reality) 

 The raw quantitate data was processed together with different maintenance specialist 

and the results compared. This to evaluate how much impact the human (process 

instrument) had on the result.  

 Multiple personnel working in the same area where asked the same questions. This to 

get an as objective picture over the reality as possible.  

 Using four different data collection tools 

 

Construct Validity (What is actually studied and to what level is it matching the intended 

subject of the study) 

 Weekly meetings with specialists in the area to discuss and get feedback on research 

findings and used methods. 

 Continuously comparing the research findings with the research purpose and 

questions  

 

External Validity (To what extend is the findings of the study possible to be generalized 

and applicable to other relevant settings) 

 The empirical findings were systematically compared with the theory findings to 

identify differences and similarities. 

 Eleven machines are not providing any distinctive high external validity. Due to time 

project limitations were not more items studied or similar projects performed at other 

manufacturing industries, which could increase the external limits. 

 

Reliability (To what extend is it possible to repeat the case study and get similar research 

findings).  

Humans and companies are continuously changing which makes it infeasible to completely 

repeat studies where a person and organization is in focus (Merriam, 1994).  

 The raw data was systematical collected, processed and analyzed. 

 Documentation of how to categorize the raw data were designed.  

 A customized excel file over how to categorize the raw data was developed.  

 

Role of researcher (To what extend has the researcher as a data collecting instrument 

affected the research findings?) 
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 The researcher has completed four years university educating in innovative 

production technology and holds a bachelor in the subject.  

 The researcher conducted a one-day long machine knowledge education to develop 

knowledge about machining centers in context of condition monitoring techniques. 

 The researcher has several meetings with experts during the categorization process. 

Both technical engineers with a work-focus area on cell x and cell y and maintenance 

specialists.  

 The researcher was participating on predetermined maintenance actions to increase 

understanding and knowledge of the repairmen’s work and machine knowledge.  
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4  CASE STUDY FINDINGS  

The following chapter will display relevant results gathered from Volvo CE Op Esk CMMS, 

interviews, observations, and a workshop. The results are later used in the analyzing 

chapter. 

4.1 Vital definitions in this case study 

The terms; Root-cause, failure, fault, disturbance, and breakdown are repetitive in this 

study, and some of the terms can, for an unused reader, be perceived as synonyms. It is 

crucial that these words are not mixed up, and, therefore, the sub-purpose of this section is to 

clarify the differences. 

Some definitions are taken from the literature, and therefore they have previously been 

mentioned in the theory chapter, while others have been developed together with Volvo CE 

Op Esk to match the data obtained from CMMS. Further, an example is given to explain the 

differences between the terms: 

Root-cause: The reason why a failure occurs. E.g., the AM instructions for how the 

operators should clean the equipment on a daily basis was lacking 

Failure (an event): An event that happens due to the root-cause. E.g., Dirt builds up. 

Fault (a state): A state that is a consequence of failure. E.g., the operator can see the dirt 

with the eyes, but the machine is for now running without disturbances. One 

failure can provide several different faults at different time intervals in the 

failure pattern curve.   

Disturbance: A disturbance is a fault (a state), but unlike a breakdown, the fault has not 

developed to such extent that the machine must shut down, the operator can 

continue to run the equipment but not in a reliable machine state. E.g., the 

build-up of dirt has reached a level where it impacts the flow of the cooling 

system, which provides that machine with alarms that might interrupt the 

operator from smoothly run the machine. One failure can provide several 

different faults/disturbance at different time intervals in the failure pattern 

curve.  

Breakdown: A breakdown is a fault (a state) so seriously that it is not possible to continue 

to run the equipment. E.g., the dirt has built up to a certain volume, plus in a 

hole and it starts to leak on the floor.  
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4.2 Current maintenance concept 

Volvo CE Op Esk is, today, not using any clear maintenance concept such as World Class 

Maintenance, Total Productive Maintenance (TPM), or Reliability Centered Maintenance 

(RCM). In 2015, the maintenance department developed a maintenance strategy called DESK 

(Dynamic Entity Status Code) with an implementation plan (Arnius, 2016). The background 

of DESK is that according to the maintenance department was there a need in the company 

for better cross-functional teamwork between the sub divisions. Resources was invested in 

continuous improvements (CI) without truly analyzing the need for the improvements, and 

what it would generate, in other words, the work process with CI was not cost- effective 

(Arnius, 2016). DESK was designed to distribute the resources in a way that match the true 

need. DESK is a working method with a built-in metric that enables sequencing, of different 

sub divisions and activities, based on the real need in a visually and comprehensively way, in 

long terms would it create valuable direct and indirect costs, which in the long run would lead 

to product cost-efficiency (Arnius, 2016). DESK was never implemented despite that the 

maintenance department believes in the strategy. Today is Volvo CE Op Esk maintenance 

strategy a combination of several concepts put together.  

Based on observations and interviews an overall mapping of the factory's maintenance 

concepts has been made. As is visualized in figure 16, the demand of maintenance service 

from customer (production) is the primary factor that pulls the maintenance work. 

Depending on whether the need is acute and/or planned is the maintenance service spilt into 

preventive actions (planned and not- acute) and corrective actions (unplanned and mostly 

acute). Preventive actions are further divided into three categories; CBM, predetermined 

maintenance, and AM. 
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Figure 16 Volvo Construction Equipment Operation Eskilstuna overall maintenance concept (0wn) 

Corrective maintenance  

Corrective maintenance is divided into breakdowns/fault and disturbances. 

Breakdowns/fault are always prioritized first and performed primarily by repairmen’s or 

external experts when needed. Disturbances are planned but not after calendar such as 

predetermined maintenance but by the identified need by example operators while 

performing AM. Information connected to breakdowns/fault or disturbances are reported in 

the CMMS. The information is entered manually into the system, the system has not been 

standardized, and the quality of the reports and the information can vary a lot. After a repair 

of a breakdown or disturbance, the repairmen shall perform a root cause analysis (RCA) if 

there is a demand. It is rare that an RCA is performed and followed-up as needed. 

Predetermined maintenance 

Comparing to CBM and AM, predetermined maintenance is more in focus which is reflected 

in resources spent. All repairmen’s perform all types of work, both predetermined 

maintenance, and corrective maintenance despite what production cell or machine it’s about. 

The predetermined maintenance is (mostly) calendar-based and performed by repairmen. 

What actions that should be included in the predetermined maintenance plan and in what 

interval, is designed by the maintenance department based on machine suppliers’ 

recommendation and in-house expert knowledge and experience. 

If a disturbance is observed by repairmen during a calendar based planned maintenance stop 

and there is no opportunity to solve the fault directly, the disturbance is reported in the 

CMMS, and a work order to repair the fault is planned. The repairmen are also supposed to 

improve the planned stops continuously. Today is there no active standardize work process of 

how the repairmen shall work with CI. 
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Condition-Based Maintenance  

A few successful implementations of both off-line and online CBM have been made. In these 

cases, measurements are used primarily to perform preventive maintenance action at the 

right time, such as change filter when there is a need. In other words replacing a filter before 

the flow becomes less than desired, but not before the filter still meets the requirements, 

which is the risk of calendar-based intervals. Secondarily is CBM used to detect failures and 

prevent them from leading to breakdown/fault. This data is linked to the CMMS but not 

utilized to its full potential. However, mainly CBM is carried out through calendar-based 

rounds and handheld measuring instruments. The information is documented separately, 

and improvements are made if necessary. The CBM rounds and the generated results are 

performed and used by the maintenance department. The historical way of working and 

maintenance staffs experience is factors that mainly decide which equipment CBM will be 

carried out on. Production can also order CBM from the maintenance department. Available 

handheld measuring techniques that production can order is presented in table 5. 

Table 5 Volvo Construction Equipment Operation current objective condition monitoring 
instruments 

Objective condition measuring technique Potential failure to discover 

Ballbar, laser, clock / rock, digital machine pass 
Geometric errors and deviations (gap, angle, scale, 

servo, point direction, etc.) 

Clamping measurement (chuck, machine spindle) 
Ensure pressure on tension cylinders, wrong settings, 

hydraulic leakage, spring break 

Thermography (thermal camera) 
Electrical and mechanical wear, poor contact surfaces, 

leakage, energy efficiency 

Temperature measurement (if necessary) 
Insufficient cooling ability, wrong settings, energy 

efficiency 

Vibration measurement 
Ball bearing condition, critical speed / machine 

resonance 

Autonomous maintenance 

AM is performed daily by the operators. AM includes easier maintenance tasks such as; clean 

the workspace, make inspections, and document flaws. This, to discover, correct, prevent 

abnormal conditions and make improvements in the area. Identified improvements areas 

made by operators during AM are mainly discussed in the individual production cell but also 

between different cells and departments. The quality of the AM varies depending on 

production cell, see report chapter 4.1.4 for further explanation. 

4.3 Breakdowns work-order management 

The fundament of the empirical study is historical data as repairmen manually reports in the 

CMMS after they have performed a corrective maintenance action (breakdown/fault repair). 

Therefore, this chapter will describe the work process when a breakdown occurs more in-

depth.   

1. A breakdown occurs: Volvo CE Op Esk definition of a breakdown/fault is that the operator 

can’t start the machine or the machine has a disturbance to such extent that there is no point 

to operate.  
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2. A work order request is sent from production to maintenance (order desk): In the 

request the operator is giving a description of the breakdown. 

 

3. Order desk distributing resources: Order desk is a subdivision under the maintenance 

department where maintenance actions, both urgent and planned, is prioritized and scheduled 

among the various repairmen. Priority is based on four criteria; safety, environment, quality, 

and delivery. The assigned repairman creates a work-order before he or she starts repair of the 

machine and looks for historical data in the CMMS that may be helpful during the repair. 

 

4. Breakdowns repaired: A repairman performs a repair to such extent that the machine has 

the same quality as before the breakdown/fault. The repairmen take assistance from other 

maintenance resources if needed. If the repair requires external skills, this will be taken as a 

last option. The time repairmen’s are spending on the machines is logged (time card), which 

make it possible, afterward see how much time was spent on repair and for example, waiting 

for spare parts. After the repair is completed, the repairmen document a short report in the 

CMMS over the breakdown process. These reconciliation reports are available in the CMMS 

and are used, among other things, as decision material. 

 

5. Follow-up: If the machine is not working according to customer requirements after repair, 

the production will return to order desk, and new actions will be taken. An RCA is conducted if 

any party in the organization requires this. 

Figure 17 visualize the process.  

 

Figure 17 Breakdown work-order management process (own) 

The CMMS logs all reporting activities in the program, which allows certain metrics to be 

calculated. Metrics used in this study are; Mean Time Waiting (MTW), Mean Time to Repair 

(MTTR), Mean Logistic Down Time (MLDT), Clocked Maintenance Time (CMT), and Mean 

Down Time (MDT). The metric explanation below is customized after Volvo CE Op Esk and 

may differ from those stated in the theory chapter, due to there is no exact standard how to 
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calculate different metrics. For example is CMT not included in the SS-EN 13306 (2010) 

standard.  

The metrics are calculated from the CMMS in following way: 

MTW:  The time between operator reports breakdown in CMMS until a repairman starts     

working on the created work order.  

MTTR: It’s total time it takes to perform a work order. It is thus maintenance activity’s that 

takes place after a repairman creates a work order until it is closed. 

CMT:    Is the total time of all logged time card on a certain work order. Each repairman has 

a time card. If two repairmen are working on the same work order, their time cards 

are added to each other. This means that it is possible that the total CMT can be 

longer than MDT.  

MLDT: Time, a machine stands still due to repair no repairmen has been there and worked 

actively, for example, while waiting for spare parts or external expertise. 

MDT: The total time the machine could not be utilized 

4.4 Root-cause analysis 

The maintenance department has developed processes for how and when to work with RCA. 

In 2013 criteria’s were defined when the maintenance department shall start a “Fast 

problem-solving.”  FPS is the short term for Volvo CE Op Esk customized RCA-document.  

The philosophy behind the concept can be summarized in six core values: (1) No problems 

should be ignored, (2) inform and get help if needed, (3) broken promises create 

disturbances, (4) every disturbance is an opportunity for improvements, (5) everything can 

be improved, (6) we can do this. The concept is based on three levels. The first level includes 

recurring disturbance or faults. On this level, the repairmen shall primarily solve the problem 

through completion of a light version of FPS directly in the CMMS. The goal is to eliminate 

the problem. Level two includes customer complaints or issues that have not been solved in 

level one. The same repairmen are following a problem through all three levels until a 

solution is found. At level two, the repairmen cooperate with the customer (usually 

production). 

5 why is used as a problem-solving tool. The goal is to create a consensus on the problem 

between maintenance and customer as well as to eliminate the problem. The third and last 

level includes machine crash or major breakdown. In addition to the repairmen and 

customer, a cross-functional team is put together with the goal to eliminate the root-cause of 

the problem. 5W2H is used as a problem-solving tool. The FPS concept is visualized in figure 

18.  
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Figure 18 The Fast-problem solving concept (Radojcic, 2017) 

 

4.5 Processed raw data from CMMS 

In this chapter is the tabulated raw data extracted from a CMMS presented. This report 

section will explain how the 386 breakdowns were cleaned and categorized to extract relevant 

information from the raw data to allow an in-depth analysis in chapter 5 in order to answer 

the research questions.  

The study includes data of total 386 (148+238= 386) breakdowns/faults. How many 

breakdowns/faults each machine had is visualized in table 6.  

Table 6 Total number of studied breakdowns/faults 2015-2017 

y1 y2 y3 y4 y5 y6 y7 Total Average/machine 

24 32 20 14 23 6 29 148 24,667 

x1 x2 x3 x4 x5 Total Average/machine 

46 40 48 63 41 238 47,60 

4.5.1 Maintenance Maintainability and supportability data 

It has been mentioned that 11 different machines were included in the study, but in table 6 is 

12 machines presented (y1+y2+y3+y4+y5+y6+y7+x1+x2+x3+x4+x5= 12). The reason is that 

the six Japanese machines (cell y) together have an external coolant system (machine y7), 

while the German machines (cell x) have a built-in coolant system in each machine. To 

perform a correct comparative study, the total average per machine has been calculated as 

follows: 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑒𝑟 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 = (𝑦1 + 𝑦2 + 𝑦3 + 𝑦4 + 𝑦5 + 𝑦6 + 𝑦7)/6 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑒𝑟 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 = (𝑥1 + 𝑥2 + 𝑥3 + 𝑥4 + 𝑥5)/5 
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The total and per/activity MTW, MTTR and MDT values is presented in table 7. The CMT 

values are presented in appendix A2 and A3.  

Table 7 MTW, MTTR, and MDT values on studied breakdowns  

Metrics y1 y2 y3 y4 y5 y6 y7 Total 
Average/ 

machine 

Average/ 

activity 

MTW 115:33:31 234:21:47 113:35:58 63:58:28 96:40:59 82:43:09 28:03:44 734:57:36 122:29:36 4:57:57 

MTTR 345:12:58 585:18:15 140:45:50 341:27:03 211:42:42 184:03:28 82:33:20 1891:03:36 315:10:36 12:46:39 

MDT 460:46:29 819:40:02 254:21:48 405:25:31 308:23:41 266:46:37 110:37:04 2626:01:12 437:40:12 17:44:36 

Metrics x1 x2 x3 x4 x5 Total Average/machine 
Average/ 

activity 

MTW 216:50:21 161:30:02 184:47:37 309:42:07 103:43:28 976:33:35 195:18:43 4:06:11 

MTTR 475:18:35 376:49:41 563:49:17 108:35:59 378:24:00 1902:57:32 380:35:30 7:59:44 

MDT 692:08:56 538:19:43 748:36:54 418:18:06 482:07:28 2879:31:07 575:54:13 12:05:56 

4.5.2 Categorizing 

The categorization was based on seven main questions. The questions were designed in 

consultation with a specialist in maintenance and Volvo CE Op Esk maintenance manager.  

The seven categorization questions: 

1. Is the failure or fault described/reported in the work order? 

2. Is it a human factor that triggered the breakdown/fault? 

3. Does the failure have a degradation failure pattern?  

4. Does the failure occur in reoccurring or irregular failure frequencies? 

5. Does the failure belong to category A, B, C or D? 

6. Is it possible to monitor the failure pattern with objective or subjective monitoring 

technique? 

7. Is the failure recurring? 

 

To categorize the breakdowns the historical information from the work orders has been used. 

No other information was available. The information quality in the work orders varies a lot. 

The reason is that the work order document is partly based on report fields with free text. 

Because the information quality varies, it was not possible to categorize all work orders in all 

questions. Therefore some categorizations start with a data cleaning. Each categorization 

questions cleaning data is presented in appendix A. 

The background of the questions and the generated result will be further described 

individually for each question. 
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Categorization question 1:  

Categorization question 1: “Is the failure or fault described/reported in the work order?” 

To determine if a breakdown/fault would have been possible to prevent or not the failure 

must be known. During a test session to evaluate the categorization questions, it became 

clear that it can be challenging to define the failure respectively fault in a work order. To 

increase the categorization process quality, that each work order was evaluated in the same 

way a customized definition for failure was developed:” If a repairman reads a work order of 

a breakdown and know what tools and spare parts that are needed to repair the equipment to 

such extent it can operate with the same quality as before the breakdown, then the failure is 

described.” An example of the difference between failure and fault from a translated extract 

from real work order to a breakdown is given: 

Extract from work order: “Leaking water from a hose, the hose was broken by the coupling, 

and no new hose was available in stock, a new hose is ordered. “  

Fault: Leaking water 

Failure: Hose was broken by the coupling 

 

The result after evaluating all 386 work orders is presented in table 8.  

Table 8 To what extend is the failure described in the work orders to the studied breakdowns? 

Machines 
Total number of 

breakdowns/faults 

Failure 

described in 

work order: YES 

Failure 

described in 

work order: NO 

Percent: YES Percent: NO 

y 148 71 77 48% 52% 

x 238 131 107 55% 45% 

Total 386 202 184 52% 48% 

 

Categorization question 2 

Categorization question 2: “Is it a human factor that triggered the breakdown/fault?” 

In this study, the limitation is made that all breakdowns that occur due to the human factor 

are categorized as not possible to prevent with CBM. The reason for the restriction is that 

Volvo CE Op Esk believes that resources shall be spent on educating and training and 

increasing the quality of the employees work instead of investing in solutions that signal 

when persons lack in routines. Another factor is that another quality tool could prevent the 

failure more cost-effectively, such as, Poka-Yoke solution, or improve routine processes, etc.  

In this study the human factor is defined as "A human has operated the equipment in an 

incorrect way or have not followed the AM instructions”.  

Two examples of a human factor from real work orders that resulted in breakdowns are; (1) 

an operator loaded the machine with a tool in the wrong direction, (2) there was visible dirt 

in the equipment that caused leakage. 
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The result after evaluating all 386 work orders is presented in table 9. How many work orders 

that had to be cleaned away, in other terms, how many work orders of the breakdowns/faults 

that was reported in a way it was possible to evaluate if the breakdown occur because a 

human factor is presented in appendix A6. 

Table 9 How many breakdowns/faults occurred because of a human factor? 

Machines 
Can be 

evaluated 

Human 

factor: YES 

Human 

factor: NO 

Percent: 

Human 

factor: YES 

Percent: 

Human 

factor: NO 

y 71 15 56 21% 79% 

x 131 25 106 19% 81% 

Total 202 40 162 20% 80% 

 

Categorization question 3 

Categorization question 3: Does the failure have a degradation failure pattern?  

In question three the goal is to identify if a failure has a degradation failure pattern or not.  

The question is designed due to a condition monitoring approach cannot be used if there is 

no indicator that can be measured that reveals a machine’s current health, and give warning 

signals that actions must be taken to prevent a breakdown/fault if the failure has no 

degradation failure pattern (Moubray, 1997; Möller & Steffens, 2006). If a failure has a 

degradation failure pattern it is based on Volvo CE Op Esk maintenance expert’s knowledge 

and experience.  

The result after evaluating all 386 work orders is presented in table 10. How many work 

orders that were removed in the cleaning process is shown in appendix A9. 

Table 10 How many breakdowns/faults had a degradation failure pattern? 

Machines 
Can be 

evaluated 

Degradation 

failure 

pattern: YES 

Degradation 

failure 

pattern: NO 

Percent: 

Degradation 

failure 

pattern: YES 

Percent: 

Degradation 

failure 

pattern: NO 

y 74 44 30 59% 41% 

x 136 80 56 59% 41% 

Total 210 124 86 59% 41% 

 

Categorization question 4 

Categorization question 4: Does the failure occur in regular or irregular failure 

frequencies? 

Depending if a failure has a regular or irregular frequency may it be more or less advantages 

to use CBM (Moubray, 1997; Möller & Steffens, 2006). For example, predetermined 

maintenance can be more suitable for failures with regular frequency then CBM due to it is 

known when the failure will occur and preventive maintenance actions can be scheduled after 
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that knowledge instead of using condition monitoring to collect data to base the decision on. 

If a failure has a regular or irregular failure frequency is based on Volvo CE Op Esk 

maintenance expert’s knowledge and experience. 

The result after evaluating all 386 work orders is presented in table 11. How many work 

orders that were removed in the cleaning process is shown in appendix A9. 

Table 11 How many failures had a reoccurring or irregular failure frequency? 

Machines 
Can be 

evaluated 

Reoccurring 

failure 

frequencies: 

YES 

Reoccurring 

failure 

frequencies:: 

NO 

Percent: 

Reoccurring 

failure 

frequencies:: 

YES 

Percent: 

Reoccurring 

failure 

frequencies:: 

NO 

y 71 15 56 21% 79% 

x 133 23 110 17% 83% 

Total 204 38 166 19% 81% 

 

Categorization question 5 

Categorization question 5: Does the failure belong to category A, B, C or D? 

To easier in-depth analyze to what extend different maintenance types could have been used 

to predict or prevent the historical breakdowns/faults, they are divided into four categories A, 

B, C, and D. The categories are the same as visualized in figure 7 in the theory chapter.  

A: Breakdowns caused by failures that have regular failure frequencies without degradation 

failure pattern. 

 B: Breakdowns caused by failures that have irregular failure frequencies with degradation 

failure pattern.  

C: Breakdowns caused by failures that have regular failure frequencies with degradation 

failure pattern.  

D: Breakdowns caused by failures that have irregular failure frequencies with degradation 

failure pattern 

 

The result after evaluating all 386 work orders is presented in table 12. How many work 

orders that were removed in the cleaning process is shown in appendix A10.  

Table 12 How many failures belongs to group A, B, C or D? 

Machines 
Can be 

evaluated 
A B C D Percent:A Percent:B Percent:C Percent:D 

y 72 4 26 13 29 6% 36% 18% 40% 

x 136 2 57 21 56 2% 42% 15% 41% 

Total 208 6 83 34 85 3% 40% 16% 41% 
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Categorization question 6 

Categorization question 6: Is it possible to monitor the failure pattern with objective or 

subjective monitoring technique? 

This question is designed to evaluate if the failures with degradation failure pattern can be 

measured with subjective or objective monitoring technique. Only objective condition 

measuring instruments that Volvo CE Op Esk uses in the current state is included in the 

study. The instruments are presented in table 5.  

Many faults can be discovered with subjective monitoring in a phase closed to the breakdown 

therefore following definition for subjective monitoring has been developed: The subjective 

monitoring must identify a machines health at least four weeks before breakdown. Al 

subjective monitoring can be exchanged to objective, thus has the monitoring instruments 

that assume to be most cost-effective been chosen. 

The result after evaluating all 386 work orders is presented in table 13 and 14. How many 

work orders that were removed in the cleaning process is shown in appendix A13 and A14.  

Table 13 How many failures can be measured with an objective technique? 

Machines 
Can be 

evaluated 

Measuring 

with 

objective: 

YES 

Measuring 

with objective: 

NO 

Percent: 

Measuring 

with objective: 

YES 

Percent: 

Measuring 

with objective: 

NO 

y 71 15 56 21% 79% 

x 133 36 97 27% 74% 

Total 204 51 153 25% 75% 

Table 14 How many failures can be measured with a subjective technique? 

Machines 
Can be 

evaluated 

Measuring 

with 

subjective: 

YES 

Measuring 

with 

subjective: NO 

Percent: 

Measuring 

with subjective 

: YES 

Percent: 

Measuring 

with 

subjective: NO 

y 75 43 32 57% 43% 

x 136 61 75 45% 55% 

Total 211 104 107 49% 51% 

 

Categorization question 7 

Categorization question 7: Is the failure recurring? 

The last question in the categorization process is to determine if the failure is recurring. If 

failures are recurring there is a need to investigate if they can be eliminated. To evaluate what 

is considered as a recurring failure the following definition has been designed:  

(1) Failures of the same type occur more than once, during 2015-2107 on the same machine 

(2) Or based on experts knowledge and experience 
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The result after evaluating all 386 work orders is presented in table 15. How many work 

orders that were removed in the cleaning process is shown in appendix A15.  

Table 15 How many failures and faults was recurring? 

Machines 
Can be 

evaluated 

Recurring 

fault: YES 

Recurring 

fault: NO 

Percent: 

Recurring 

fault: YES 

Percent: 

Recurring 

fault NO 

y 129 104 25 81% 19% 

x 214 164 50 77% 23% 

Total 343 268 75 78% 22% 

 

4.6 Workshop  

Through the categorization processes it was possible to select example failures that have 

potential to be prevented with objective or subjective measuring approaches, more 

particularly failures from categorization B. During the workshop failures were analyzed in-

depth with the purpose to test the data quality from the CMMS further and if it could be used 

to creat efficiency and effectiveness maintenance actions.  

4.6.1 Method  

The method used during the workshop was a modification and combination of the I-P curve, 

P-F curve, and RCM´s seven questions. To test the data, work-order reports were analyzed by 

mapping in the given information from the work-order in an I-F curve such as; faults, 

failures, warning signals, condition indicators, run-time, and root-cause. The purpose of 

visualizing the information was to identify information gaps that were needed to create 

efficiency and effectiveness of maintenance actions. The information gap was supported by 

knowledge and experience from maintenance specialists. 
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Figure 19 Workshop method;I-F curve backward. Adapted from Moubray (1997) and Bengtsson & 
Lundström (2018). 

The five questions that were asked during the workshop are presented below with a 

clarification:  

1. What is known?  

What information was available in the work-order report? To what extent are; faults, failures, 

warning signals, condition indicators, run-time, and root-cause known? 

2. Need to know? 

What information gap exists and what information is needed to fill in the gaps? 

3. What to measure? 

What parameter to measure depends on where in the I-F curve a condition indicator is 

wanted. Shall the condition indicator be used in I-P interval (orange dot in figure 19) or P-F 

interval (green dot in figure 19)? In other terms, shall condition indicator be measured that 

can predict a breakdown/fault, or/and shall condition indicator be measured that can help to 

design predetermined maintenance actions at the right time or indicate needed preventive 

maintenance action to increase the I-P interval? After decided in what interval to measure the 

condition indicator, is the next step to identify what parameter to measure, such as; 

vibration, temperature, etc. 

4. When to measure and how to measure?   

Firstly, in what interval shall the parameter be measured? For example; continuously, after 

run-time, or by a schedule? Secondly what instrument shall measure the parameters? The 

parameters depends on question three and four. For example, if a component is placed easy 

accessed for a human and needs to be measured on schedule, maybe subjective condition by 

operators included in AM routines is most suitable. A critical component that includes safety 
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risks for a human to be around shall maybe use objective condition with sensors and 

continuously sending information to CMMS instead. 

5. What is the warning signal level?  

At what level shall the condition instrument give a warning signal that actions must be taken 

to avoid unwished machine health? 

4.6.2 Results 

Participants: four maintenance specialists 

Total time: 3h including a 15 minutes break 

Agenda: (1) Short background presentation why the workshop is being conducted (2) Brief 

overview of the analysis method. (3) Performed the workshop 

The workshops instructor was drawing on a big whiteboard so that all participants had the 

same picture. The participants sat around an oval table and reasoned freely.  

Multiple cases where analyzed during the workshop, but only one result is presented, which 

is shown in figure 20. The six questions with answers are presented below. 

 

Figure 20 Workshop result 
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1. What is known?  

Breakdown/fault: The heat has developed to a dangerous level, and a breakdown is reported.  

Breakdown/Fault level: Heat 37° 

Fault before breakdown: Heat development 

Failure: Clogged filter 

2. Need to know? 

How to increase the I-P interval  

3. What to measure? 

In short-term goals, the P-F interval must be measured to predict and then prevent the 

breakdown from occurring again. In-long term the I-P interval must be measured to prevent 

the failure from occurring again. When the failure is possible to prevent the condition 

indicator in the P-F interval can be removed.  

To predict failure: Measure the differential pressure that indicates how dirty the filter is 

To predict fault: Measure the heat development 

4. When to measure and how to measure?   

To predict failure: As long as the root-cause isn´t known, maybe continuously and online is 

the best condition approach, due to the filter is placed in a difficultly accessible location 

where the operations can’t perform AM on a daily basis. It can also be beneficial to measure 

continuously to try finding the root cause. For example, if a filter gets clogged in 6 months 

and according to the recommendations from the supplier shall the filter be replaced after 12 

months to continue performing at a tolerant dependability level then the predetermined 

maintenance schedule should be changed. However, if a filter gets clogged in 6 month maybe 

a further investigation should be done to understand why due to 6 month is an abnormally 

short time interval.  

To predict fault: If the purpose is to only predict the breakdown/fault, an operator can 

visually look at the cabinets what temperature the cooling systems have on a daily basis. But 

to understand the machine's behavior, it can be attractive to both measures the differential 

pressure in the filter and the heat development to analyze the temperature and filter data 

together. In that case, condition indicators need to be measured continuously and online. 

5. What is the warning signal level?  

To predict failure: Today it is not known how dirty a filter can be and still perform at an 

accepted dependability level, therefore the warning signal is unknown. By both measuring 

the filters differential pressure and the cooling systems temperature at the same time and 

then analyze it could give answers to what is a suitable warning signal level. When the 

warning signal level is known the filter guard, and thermostats still must be online due to its 

position, but it is not obvious that the filter guard and thermostats logged data should be 

collected and saved, if not a new goal with saving the data would be defined. Or maybe the 

logged data showed that the root cause was lacking maintenance actions and 14 month is the 

most cost-effective interval to change the filter, and then is there no need for an online CM 

technique.   
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To predict fault: The thermostat is already used today, thus the remaining question how a 

fault/breakdown could occur? In this case, it could be suitable to do a Kaizen and evaluate 

why the breakdown occurred dispute there is a thermostat. However, no official warning 

signals level is used today, but from the work order is it known that 37° is equal to breakdown 

and according to the maintenance specialist 28°-32° is an accepted temperature, which gives 

a right frame at what temperature the warning signal level should be. The natural choice 

would be 32°, but the temperature can increase and decrease in normal condition and during 

the summer the temperature is always warmer, therefore, 34.5 is chosen as a warning signal 

level. The time it takes for the machine to increase 2, 5 ° when the filter in the cooling system 

is clogged is unknown, but probably not long. Therefore is this a short-term solution to 

predict the fault/breakdown. 

4.7 Interviews  

In this chapter the conducted semi-structured interviews during the study are presented. 

First are interviews with the team leaders and managers described and further are answers 

from interviews with different maintenance managers displayed. 

4.7.1 Production managers and team leaders 

This section presents a comparative study between cell y, cell x, and a reference cell. The 

study is focusing on how the cells work with improvements processes and AM. The interviews 

and observations were made due to AM and improvements processes have been stated as 

vital to creating effectiveness and efficiency maintenance actions. 

 

Reference cell 

Autonomous maintenance 

An interview together with a visit was done in the reference production cell with the cell team 

leader. The cell was working actively with AM (the new AM edition). Every machine had a 

binder with specific instruction for AM. The instructions were clear and easy to understand, 

complemented with pictures. The operators should make a check that today's goal of AM was 

completed on a tracking document placed on a daily scoreboard. The AM process was 

working very well, operators were taking responsibility for their equipment, and therefore the 

tracking document was planned to be taken down. If something abnormal was identified 

during AM the operator solved the problem by themselves first, and secondarily takes help 

from necessary resources. 

Improvement processes 

The reference cell was working with improvement processes in two different ways, Kaizen 

and Team plan. Kaizen was the collective name for a process where employees identified 

improvements, documented on a standardized form, an action plan designed, and finally, the 

improvement are implemented and followed up. The Kaizen form was placed on the daily 

scoreboard and highlighted during regular meetings until the improvement was implemented 

and fulfilling the desired goal. Every employee in the cell should sign each Kaizen-form to 

ensure that the whole group had taken note of the information and on-going process. The 

goal was that each employee in the cell should perform 30 Kaizens.   
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The team plan, the second improvement process was a more extensive action plan for 

recurring breakdowns and breakdowns that have a downtime longer than 24 hours to repair 

and was recurring. On the daily scoreboard was a team plan form, the form was updated 

continuously. Every Wednesday, the cell leader, cell manager; two represents from the 

maintenance department, and one technical production engineer has a meeting for 

elaborating how the same breakdown won't occur again. The action plan, including schedule 

and responsible persons, was documented on the team plan form and followed-up on every 

daily meeting.  

Related information 

The reference cell is working closely with maintenance. For example, a representative from 

order desk is present at each daily meeting. Thus the maintenance resources can be planned 

after the customer demand at a higher level. Another example of the close cooperation is that 

operators or the cell leader participate in maintenance actions.  

The reference cell wants to develop the AM and improvements processes with digital 

solutions. The first step is to handle all documentation through digital and mobile solutions, 

such as; tablets, mobiles, TV screens, etc. The next step is to try more advance digital 

solutions such as augmented reality (AR). The reference cell is today working close to the IT 

department and is optimistic about the future.  

On the question why the reference cells AM, and CI was working so well was the answer; the 

people. All employees in the cell had worked there for many years and had a high level of 

knowledge of the equipment. The cells production manager has worked in the cell for over 30 

years. The cell leader thought that if the production manager should quit would the cells 

developing rate decrease. 

Cell y 

Autonomous maintenance 

An interview together with a visit was done in cell y with the production manager. The cell 

used AM instructions consisted of so-called "T-cards" and checklists (Old AM edition). Cell y 

had not implemented the new AM edition yet but added that the information in the old AM 

version is similar to the new and that it is the working method around AM that is updated. 

Thus if the T-cards and checklists are currently performed as intended, the new AM edition 

would not generate any significant improvement. The cell manager also adds that the AM 

instructions sometimes are mixed with 5S. Sometimes there are instructions for cleaning 

routines in the AM that will not help increase the reliability of the machines, but instead 

benefits linked to 5S work. Today there are T-cards set on the daily board, but not followed-

up routinely. However, more advance AM such as changing a team plan meeting is always 

performed after routines.  

Improvement processes 

No routine for Kaizen exists today, but team plan routines are performed. The team plan 

consists of a weekly meeting with a manufacturing engineer and the cell manager and leader.  

None from the maintenance department participated (if the production manager does not 

invite them), in contrast to the reference cell.  
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Related information 

The cell manager found improvement processes and AM essential, and the goal is to increase 

the quality in both areas in cell y. The cell manager explains that he is the production 

manager for three cells and that cell y was included in his responsibilities five months ago. At 

the time, the group of operators underwent significant changes; old staff left and new was 

recruited. The new employees did not get the correct learning conditions due to resource 

shortages; operators should both take care of their daily work and educate new employees. 

The quality level also decreased in the cell with the staff leaving. The cell manager says that 

the plan is to build up the maturity level in the group gradually, and then improve the Kaizen 

and team plan routines when the group is susceptible.  

On the question "Why do you think the reference cell has better routines on AM and 

improvements processes than cell y " was the answer the maturity in the group and the 

prerequisite in the group. The reference cell consists of fewer people with several enthusiasts 

who have been working there for many years. Other subdivisions also direct more focus to 

the reference cell. 

On the question "Would you like to work more cross-functional?" The cell manager answers 

yes, and that it was easier when there were team repairmen who had specific responsibilities.  

As a last thought, the cell manager wants to emphasize that it is currently difficult to assess 

the number of breakdowns and why it is not predicted. At the moment and for a time back 

the queue of disturbance work-orders sent from production but not performed by 

maintenance is very long. Explanation to why some breakdowns occurred can be in that 

queue. 

Cell X 

Autonomous maintenance 

Cell x had the new edition of AM instructions. However, the routines for AM were developed 

by the cell itself. They performed cleaning and AM at the same time according to a weekly 

schedule laced on the daily scored board. Unfortunately, the AM/cleaning routines were not 

followed as intended. The reason for this was that they had a new cell manager since a month 

ago, which was still in the learning process. Cell X had changed cell manager approximately 

once a year in recent years. 

Improvement processes 

Cell x has used Kaizen earlier, but with the cell managers exchange rates, the routines 

become lacking.  However, the cell leader clarified that improvements were conducted daily 

in the group during the daily meetings but not documented in a Kaizen. Cell x also had team 

plan meetings once a week, where cell manager, cell leader, and manufacturing engineer 

participate. If there was a need for competence from other subdivisions these were called-in. 

Related information 

Today, cell x runs three-shift where each shift has three operators. The cell has five machines. 

The Cell leader expressed that when the demand for products increased, the operators 
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become under pressure and hade shortage in capacity, then when the operator had to train 

new employees the stress increase.  

To the question ”What is your opinion about team repairmen" the cell leader answers that it 

was a significant difference comparing to the current state. If the cell had a talent team 

repairmen, then it was more beneficial than today.  

Comparative study 

The findings from the observations and interviews in the different cells are summarized in 

table 16. 

Table 16 Comparative study cell y, x, and reference 

 Cell y Cell x Reference cell 

AM instructions X X X 

AM following-up - - X 

Kaizen - / X 

Team Plan / / X 

Working cross-

functional 

/ / X 

4.7.2 Maintenance managers  

Interviews were made with four maintenance managers at different levels at Volvo CE Op 

Esk, they are identified as X1, X2, X3, and X4 in the chapter. The purpose of the interviews 

was to collect information about the maintenance manager’s view of maintenance in the 

context of digitalization. Five questions were asked, further, will each interview question be 

given together with the respondents answer. The presented information is a summarization 

of the respondent's answer made by the interviewer. A few quotes from the maintenance 

managers that are reflecting curtain discussions during the interviews are also given. 

 

Q1. Based on your own opinion, what is the main purpose of Industry 4.0? 

X1: Manager X1 answered that it is dangers in the current state to decide what the 

technologies included in industry 4.0 are going to be used for. The manager develops the 

answer that the purpose of Industry 4.0 today is to use it for fundamental science; collect 

data, analyze it, and define when the data shall be used after a value-adding demand. 

 

X 2: Manager X2 expresses that the purpose of industry 4.0 is to present facts more effective 

with smart visualized electronic systems, to perform in-depth analyses and take decisions. 

 

X3: Manager X3 concentrated the answer in one sentence; "The purpose of Industry 4.0 is to 

be able to base decisions on facts." 

 

X4: Manager X4 makes a parable with a visit to the doctor and taking the temp, it´s a control 

of the current state, to know what must be done.  

 

Q2. Based on your own opinion, how could online-CBM and the information it 

generates be most useful for in the long term create total effectiveness and 

efficiency maintenance actions? 
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X1: Manager X1 adds the assumption that the online-CBM is used after a value-adding 

demand, and in that case is his opinion that the most significantly different between the 

current state and when Industry 4.0 is realized is the savings in resources. With Industry 4.0 

will needed information be created more cost-effectively. The required information will also 

be generated continuously and not only when the organization believes there is a need for it.  

 

X2: Manager X2 summarizes the answer in following way:" To create goal after facts and not 

what we believe." The manager develops the response and says that online-CBM will indicate 

the health of the machines, which can be used for designing better calendar based 

predetermined maintenance schemes and AM. The manager added that today is no 

fingerprints done on new purchase machines, which results in that the production technology 

engineers must use the supplier's information while they are adjusting a unit. CBM can 

provide the specifics machines data which can be used as information instead. An example is 

that if a customer has a demand for a machines tolerance of maximum 0, 2 hundred, and 

based on the supplier information can the equipment fulfill the tolerance requirement, then 

are the production technology engineers working to satisfy the demand. But if the machine in 

reality only can perform a tolerance on 0, 5 hundred is the production technology engines 

work a waste of resources.   

X3: Manager X3 answers that online-CBM is useful for the organization to understand how 

different elements wear outs to develop the proactive work, avoiding corrective actions, and 

change components before they break.    

 

X4: Manager X4 highlights indirect costs; “If the right measuring equipment is used in the 

right place and the data is interpreted properly, we could have corrected faults much earlier 

and saved large sums of money that we cannot calculate today, such as downtime.” The 

manager adds that “Everything we do unplanned takes a lot longer time, and the black hole is 

the cost of downtime, as compared with the cost of labor and emergency spear parts." The 

manager ends the answer with expressing that the organization has a challenge with 

determining the price tag for each cell when it stands still. Today is a general cost/hours used 

for the whole factory that the manager believes is far from the reality.   

Q3. To decrease the total maintenance costs in the factory where you work, 

which areas do you believe is most important that they work as attended? 

Rank the given work areas in a scale from 1 to 9, where 1 I most essential. 

Work areas to rank: Online-CBM, AM, RCA, Predetermined maintenance, CI 

(on e.g., disturbance), report information in the CMMS in a correct way, 

education maintenance employees, education other employees i.e. operators, 

Spare parts optimization. Give a short explanation to your answer.  
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Table 17 Interview Maintenance Managers, summation question 3 

 X1 X2 X3 X4 

1 AM 
Education other staff, 

e.g., operators 
RCA AM 

2 
Education other staff 

e.g., operators 
AM AM CI 

3 RCA 
Predetermined 

maintenance 

Predetermined 

maintenance 

Education maintenance 

staff 

4 
Predetermined 

maintenance 
RCA CI RCA 

5 CI 

Report information in 

the CMMS in a correct 

way 

Online-CBM 
Predetermined 

maintenance 

6 Online-CBM 
Education 

maintenance staff 

Education other staff, 

e.g., operators 

Report information in the 

CMMS in a correct way 

7 

Report information in 

the CMMS in a correct 

way 

Online-CBM 
Education 

maintenance staff 

Education other staff, e.g.,  

operators 

8 
Education maintenance 

staff 
CI 

Report information in 

the CMMS in a correct 

way 

Online-CBM 

9 
Spare parts 

optimization 

Spare parts 

optimization 

Spare parts 

optimization 
Spare parts optimization 

 

X1: The manager express following explanation “I´m convinced that we have to start with the 

basics and work upwards. If we do, industry 4.0 will be good. If we fail with the basics, it will 

not be good. Industry 4.0 cannot replace the basic work.” 

 

X2: Manager X2 resonates that spare parts have a low impact on the total maintenance cost 

compared to other work areas. The manager continued and expressed that he likes the idea of 

online-CBM, but the organization is no mature enough yet to implement it all the way. If the 

performance of AM or predetermined maintenance is lacking, the corrective activities will 

increase. About RCA the manager says that RCA can be a useful tool but also a waste if not 

carried out suitably. The manager says that the CMMS is a crucial player in the process for 

operators to get help from maintenance department when needed so that should be self-

supporting. The manager ends with utter that a challenge today is uneducated operators 

which make, e.g., productions technologies engineers work more challenging.     

 

X3: Manager X3 explained his thoughts on the scale that the organization wants to work 

proactive, and to do that we must learn from the history which can be done with the help of 

an RCA. Those who work with the machines are the operators, and they should detect and 

react if something isn’t working as needed. A tool/ opportunity to discover abnormalities is at 

AM, and predetermined maintenance activities, therefore, is among other things AM and 

predetermined maintenance placed at the second and third place in the scale.   

 

X4: The manager clarified that AM is the first thing the organization needs to take actions to 

improve; it is done in some areas but far from everywhere. The manager counties to explain 

the second placed on the scale, continuous improvements (e.g., follow-up disturbance), 

which are as crucial as AM, and it’s not done at all today but is under development. Curing 
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the CMMS says the manager that the computer system only gives information like 1 or 0, it is 

a disturbance or it is not. A vital disturbance based on customer demand is more important 

to solve than a breakdown, and maintenance needs help from production to identify the 

needs better, and that is one challenge the factory needs to work.  

 

Q4. What is the factory’s biggest challenge for create total effectiveness and 

efficiency maintenance actions? 

X1: The manager answered the question from the maintenance department's point of view 

and replied that the primary challenge is to define the customer's demand and actual needs 

because true customer need is equal to reliability and quality. 

 

X2: The manager expressed that in the current state it is essential to make AM and 

predetermined maintenance to work correctly, also to prioritizing maintenance action after 

its actual demand. There is also a need for invest resources for significant reparation of 

machines; it was a long time since the last in-depth repair. 

 

X3: Manager X3 respond that the organization's primary challenge is to work more cross-

functional, the organization must get the sub-divisions to co-operate against a common goal 

without sub-optimizing. For examples that operator increases the speed of the machine to 

increase output, but then the equipment will break faster. 

 

X4: The manager refers back to question three, and number one and two in the scale, and 

answer that in the current state is the most prominent challenge AM and continuously work 

with correct disturbances.     

 

Q5. Is the factory today working in any way for meeting the mentioned 

challenges in the previous question? If yes, how?  

X1: The manager explains in following way “By locking elbows with the customer to 

understand their needs.” The manager has recently decided to change position from 

maintenance manager to production manager, and gives the reason “When I could not lock 

elbows with production as a maintenance manager, decided I to switch position.” The 

manager explained further “We (maintenance department) want to talk about long-term 

needs, the customer (production department) wants to talk about the short-term needs.” 

 

X2: Today are we working too much corrective, and in current state are we not taking any 

direct actions for improving the situation.  The organization must find the balance between 

prioritizing corrective and prevention, both categories fill a purpose, and it’s vital to create a 

balance.  

 

X3: The manager answers that actions have been taken through Inviting, educate, and 

collaborate with other sub-divisions.  

 

X4: The manager explains that staff adjustment has been made that will lead to a more 

proactive way of working. Before the change the organization was only talking in short terms, 

now more demands are on long-term solutions. 

 

 Another observation the manager has done is that the organization has been very flexible to 

move resources towards more corrective work processes but not the other way around. 
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The manager explained that the organization is in a transition between working corrective 

and proactive, and illuminate the following aspect; "Now, at the beginning of the 

transformation, we will need more resources, and it will cost more, but when we are over the 

hill, it will be more cost-effective." 
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5 ANALYSIS 

This chapter will provide an analysis of literature in context to empirical findings, with the 

purpose to display what theory is confirmed in the real world and what is not, also to make 

a link between the empirical findings and the discussion and conclusions in the next 

chapter. 

5.1 Quality of data from CMMS 

The number of studied breakdowns was 386; the number will represent the initial position. 

To have a starting point allows determining to what extent different maintenance types could 

have predicted, prevented or eliminated the historical breakdowns/faults, which will be 

displayed further in the analysis. The initial position is marked with orange circle in figure 21.  

 

Figure 21 To what extent could historical breakdowns/faults be predicted, prevented or eliminated? 
(own) 

In the empirical chapter, table 8 visualize that the failure was described in the work-orders in 

52% of the studied breakdowns/faults, this means that it would only be possible to perform a 

root-cause failure analysis on half of the breakdowns. A root-cause failure analysis is a vital 

tool to eliminate breakdowns/faults (Bengtsson & Lundström 2018). Further Kans et al., 

(2017) states “Through logging in computerized maintenance management systems much 

data on, e.g., failure reports, disturbances, scheduled preventive maintenance, etc., has laid 

the foundation to possible maintenance efficiency and effectiveness actions.” (p. 5). Due to 

poor data quality, the opportunity to use CMMS to increase maintenance efficiency and 

effectiveness get limited.  

 

To test the data quality in the CMMS further, if it could be used to creating efficiency and 

effectiveness of maintenance actions a workshop was performed. The result from the 

workshop indicated that the method could be used to determine approaches for CBM to 

predict breakdowns and failures if the work-order has a certain data quality and how to 

increase the I-P interval. During an unstructured interview with respondent X1 was it told 
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that the method could be useful but that Volvo CE Op Esk would not practice CBM in this 

specific case presented in the empirical chapter (see figure 20), neither for predicting the 

breakdown/fault, increasing I-P interval. The respondent was sure that the specific 

breakdown could be eliminated and I-P interval extended without CBM and therefore it 

would be a waste to implement CBM. The feedback indicated that the method could be used 

to determine if there is a business case in using CBM to predict or prevent a breakdown or 

failure. Kans et al. (2017) also highlights the importance of evaluating if there is a business 

case for utilizing CBM. 
 

An identified challenge of Industry 4.0 is the process of handling big data and how to convert 

it into useful information (Bokrantz et al., 2017). The case company is today struggling in 

converting data from the CMMS to information that can create efficiency and effectiveness of 

maintenance actions. This indicates that in order to avoid waste of resources it is vital to 

define the true organizational need regardless if the organization uses CMMS or more 

advanced information technologies. While implementing new information technology, a 

mature organization is first defining the true organizational need and then purchases 

technique that matches the requirements, not the other way around. (Kans et al., 2017). 

Digitization can also be a tool for creating business opportunities for an IT-mature 

organization (Kans et al., 2017) and therefore is it essential for companies in the 

manufacturing industry to measure their data quality of today and define if any areas need to 

be improved to utilize the digitization in a conclusive manner. This challenge is known by 

Volvo CE Op Esk, thus maintenance manager X1 answered in the interview that Volvo CE Op 

Esk current biggest challenge to create total effectiveness and efficiency of maintenance 

action is to define the customer's actual needs because true customer need is equal to 

reliability and quality. Volvo CE Op Esk is currently working with the challenge of 

collaborating with the customer to understand their needs, as respondent X1 answered to 

question five in the interview. The author hopes that the improvements Volvo CE Op Esk 

makes will also be included in the CMMS system to increase the data quality. 

5.2 Failure characteristics in context of maintenance types 

The following chapter will analyze the result from the categorization process. Category A, B, 

C, and D is analyzed, individually. 

5.2.1 Category A 

A deficient percentage of the breakdowns ended up in this category. Volvo CE Op Esk works 

mainly with calendar-based predetermined maintenance, which can be an explanation to the 

small number. Or it can be the opposite that Volvo CE Op Esk performs too much 

predetermined maintenance actions (unnecessarily), which could be viewed as a waste in 

indirect maintenance cost (Bengtsson & Salonen, 2016). Volvo CE Op Esk is today carrying 

out case studies to investigate the subject closer. 
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5.2.2 Category B 

According to the categorization, 40% of the breakdowns could be predicted with CBM by 

using Volvo CE Op Esk current condition measuring instruments (see table 12). However, the 

categorization process has not considered the length of breakdowns (downtime) or how many 

times failure is recurring (frequency). Therefore a comparative study has been made with a 

DMG. In the original DMG constructed by Labib (2004) MTBF and MTTR can be used to 

calculate downtime and frequency. This study did not include the metrics MTBF, thus a 

simplification was made by the model and frequency was replaced by the number of occurred 

breakdowns/faults per machine. The mapped values is in the DMG is shown in table 18. The 

values were calculated by using data from table 6 and 7 in the empirical chapter. The resulted 

DMG is visualized in figure 22. 

Table 18 Maintenance decision-making grid data 

Cell y y1 y2 y3 y4 y5 y6 y7 

Total nr breakdowns 2015-2017 24 32 20 14 23 6 29 

Average MTTR/activity (hrs) 14,38 18,57 7,03 24,38 9,4 30,67 2,33 

 

Figure 22 Maintenance decision-making grid cell y and cell x 

 

Cell x x1 x2 x3 x4 x5 

Total nr breakdowns 2015-2017 46 40 48 63 41 

Average MTTR/activity (hrs) 10,3 9,42 11,73 1,72 9,22 
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Machine y6 is placed closest to the center of the CBM box. The result from the categorization 

process displayed that y6 had no failures occurred due to the human factor and all failures 

were categorized in group B or C which is shown in table 18, that information is matching 

what the grid indicates. But three failures were recurring which argue that RCA is also 

needed if total maintenance effectiveness shall be established.  

On the opposite side of y6 in the DMG is machine x4 placed. Machine x4 has a high number 

of breakdowns with short MTTR time which is a big contrast to y6 and is thus placed in the 

skill-level upgrade box. The categorization results viewed that 26% of the occurred 

breakdowns/faults is caused due to the human factor and 80% are recurring which is shown 

in table 19. The statistics indicate that there is a need for improving AM and RCA which can 

be connected to the skill level. However, 36% of the breakdowns could have been predicted 

with CBM. This indicates that there is a high potential to use CBM but first must the skill-

level be upgraded. Table 19 is conducted by data collected from table 9, 12 and 15 in the 

empirical chapter.  

Table 19 Comparison study between machine y6 and x4 in context of a DMG 

Machine 

Breakdown/fault 

occurred due to human 

the factor 

Category B+C Category D 

Recurring 

breakdowns/faults 

y6 0% 100% 0% 50% 

X4 26% 64% 36% 80% 

No machine from cell x place in the CBM box in the DMG. One reason may be that cell X 

actively works with Team Plans that covers breakdowns that have a downtime longer than 24 

hours. Cell x was lacking in the Kaizens routines which can be one reason why X4 has high 

frequency and low downtime. 

 

Further Rastegari, (2017) state: ”However, sometimes two machines are the same, and they 

are doing the same work in the same environment but are located in different grids. 

Maintenance engineers should, therefore, perform more analysis according to maintenance 

concepts such as TPM and RCM to select the appropriate maintenance policy.”(p. 40). The 

DMG is visualizing that both the x machines and y machines are spread in the grid and 

placed in different boxes, this indicates that it is vital to both consider downtime, frequency 

and other aspects that are related to maturity level while evaluating the possibilities of 

different maintenance types. To perform a comparative study of processed data from a 

categorization process and a DMG has shown to be one way to identify the current state in an 

organization. To choose a suitable maintenance type must a cost-analysis also be included 

which this study is not covering. 
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5.2.3 Category C 

16% of the breakdowns/faults were categorized in group C (see table 12). It indicates that 16% 

could be predicted with CBM by using condition measuring instruments Volvo CE Op Esk 

practices today or preventively by using any predetermined maintenance. Which 

maintenance type to select depends on the individual case and what strategy that is most 

cost-effective. Without consider economic aspects, 56% (40+16=56%) of the 

breakdowns/faults could be possible to predict or prevent by using some sort of CBM. 

 

The result of 56% is not going in line the literature. For example Patwardhan (2016, p.437) 

states “Ability to access and process these large data sets will lead from preventive to 

predictive maintenance and eventually to smart manufacturing.”. The quote indicates that all 

failures could be predictive by CBM, and that's not the case in this study. Moubray (1997, 

p.155) States"... it is not unusual to find that condition monitoring as defined in this part of 

this chapter is technically feasible for no more than 20% of failure modes, and worth doing in 

less than half these cases.". This study shows a higher number than Moubray (1997). 

 

This case study is making the categorization base on Volvo CE Op Esk current condition 

measuring techniques which can be one answer to the statistical variation. However, based 

on the author's knowledge, Volvo CE Op Esk current condition measuring instrument (see 

table 5), is not old fashion, on the contrary it is somewhat standard for similar industries. 

Objective and subjective condition monitoring 

In literature there is a great focus on technology, therefore, this study has investigated the 

extent to which subjective and objective measurements would be useful. The use of subjective 

condition monitoring does not exclude objective condition monitoring. 

The subjective can be used to predict breakdowns/faults in more than twice as many cases 

compared to the objective. This indicates that not only the technical condition monitoring 

instruments could have enabled Volvo CE Op Esk to reduce its downtime by 56% (Category B 

+ C) with CBM. 

Limitations for objective measuring instruments are presented in table 5. Limitations for 

subjective measurement is that the fault must be detected at least 4 weeks before shutdown 

During the analysis of the breakdowns/faults, it appeared several times that a failure to a 

breakdown/ fault was related to sensors, e.g., the sensors were miss directed, dirty or had lost 

signal of an unknown reason. This indicates that sensors also need maintenance. If only 

objective CBM would be used, it would mean that, soon, sensors would need to monitor other 

sensors.  

One aspect that should be added is that all subjective measurements can be replaced with 

objective, such as using a camera instead of human vision. Volvo CE Op Esk does believe it´s 

a waste to use objective measurements if there is no business case for it. 
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5.2.4 Category D 

40% of the breakdowns are hard to predict or prevent with predetermined maintenance or 

CBM. CM or DOM can be used depending on what strategy that is most cost-effective. 

However, to use DOM effectively, high qualitative data is needed.  

Some breakdowns/faults occurred due to the human factor, and these failures can be 

prevented using other strategies then CM and DOM. 

5.3 Breakdowns/faults due to the human factor 

20% of the breakdowns/faults occurred due to human factors, these breakdowns/faults are 

possible to prevent. 20% is an indicator of the work quality, for example, a doctor is not 

allowed to have 20% failure operations. This chapter will mention some of the parameters 

that have an impact on the work quality. 

Respondent TL2 in cell x shared the experience of a shortage of resources while new 

operators were educated which lead to lower training quality. It has happened in cell x that 

three operators were responsible for running five machines, with the demand to produce over 

capacity, and at the same time tutoring new employees. Lack of training can both have an 

impact on the AM quality and machine knowledge. One possible way to get an indicator over 

the AM quality is to study how large percent of the breakdowns/faults that occurred due to 

the human factor had a degradation failure pattern; the statistics is shown in table 20. Table 

20 is a combination of table 9 and 10. 

Table 20How many breakdowns/faults that occurred because of a human factor had a degradation 
failure pattern? 

Machines 
Human 

factor: YES 

Failure pattern: 

YES 

Failure pattern: 

NO 

Percent: 

Failure pattern: 

YES 

Percent: 

Failure pattern: 

NO 

y 15 9 6 60% 40% 

X 25 19 6 76% 24% 

Total 40 28 12 70% 30% 

70% of the breakdowns/faults that occurred due to the human factor had a degradation 

failure pattern. The 70% indicates that most of the failures occurred due to lacking AM, like 

cleaning, lubrication, etc. as Bengtsson & Lundström (2018) highlighted essential to 

maximize the I-P interval (Goode et al., 2000; Plucknett 2010).  

CBM could be used to predict breakdowns/faults due to the failure had a degradation failure 

pattern. However, Volvo CE Op Esk does not consider that it is an appropriate way to prevent 

the breakdowns/faults with CBM when the cause can be designed-out by increasing the 

human quality of work. 

The other 30% without degradation failure pattern is probably caused by more suddenly 

occurred events, which is seen in table 20. One example is the machine y7 where 34% 

(10/29=0, 3448) of the breakdowns occurred due to the machines was incorrectly restarted 

after a power failure. The 34% indicates that there is a need for more machine training. 
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5.4 Possible breakdown/fault level  

To determine the number of breakdowns that probably would occur despite if; CBM, 

predetermined maintenance, standard routines, and root-cause failure analysis where 

performed following equation was designed and calculated by the values in table 21: The data 

in table 21 is a combination of data in table 9, 12 and 15. 

Table 21 Of all the work orders that were possible to evaluate, how many failures that belongs to 
group D was not recurring and did not occur due to human factor? 

Machines Can be evaluated 

Failures in D, not 

recurring or based on 

human factor 

Percent: Failures in D, not 

recurring or based on 

human factor 

y 72 9 13% 

x 136 19 14% 

Total 208 28 13% 

𝐹𝑎𝑖𝑙𝑢𝑟𝑒𝑠 ℎ𝑎𝑟𝑑 𝑡𝑜 𝑝𝑟𝑒𝑑𝑖𝑐𝑡 𝑜𝑟 𝑝𝑟𝑒𝑣𝑒𝑛𝑡 𝑤𝑖𝑡ℎ 𝑎𝑛𝑦 𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑡𝑦𝑝𝑒 = 

(𝐹𝑎𝑖𝑙𝑢𝑟𝑒𝑠 𝑖𝑛 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝐷 𝑡ℎ𝑎𝑡 𝑤𝑎𝑠 𝑛𝑜𝑡 𝑟𝑒𝑐𝑢𝑟𝑟𝑖𝑛𝑔 𝑜𝑟 𝑜𝑐𝑐𝑢𝑟𝑟𝑒𝑑 𝑑𝑢𝑒 𝑡𝑜 𝑎 ℎ𝑢𝑚𝑎𝑛 𝑓𝑎𝑐𝑡𝑜𝑟)

(𝑤𝑜𝑟𝑘 𝑜𝑟𝑑𝑒𝑟𝑠 𝑜𝑓 𝑏𝑟𝑒𝑎𝑘𝑑𝑜𝑤𝑛𝑠 𝑖𝑛𝑐𝑙𝑢𝑑𝑒𝑑 𝑒𝑥𝑝𝑙𝑎𝑖𝑛𝑒𝑑 𝑓𝑎𝑖𝑙𝑢𝑟𝑒)
 

=  
28

208
= 0,1346 ≈ 13% 

13, 5% breakdowns would probably still occurred despite strategies as mentioned above 

would be utilized. This indicates that to strive for a zero tolerance of breakdowns/fault might 

not be the most cost-effective approach. When CM is a must spare-part optimization is vital 

to keep the costs down. In the interview with the different maintenance managers, all 

respondent rated spare-parts optimization as the least significant maintenance strategy 

comparing to eight other maintenance related tools. That answer is matching with the study 

result, due to 13,5% is the lowest number of breakdowns comparing to other categories, for 

example, according to the research findings, RCA has bigger possibilities to create 

effectiveness and efficiency of activities then spare-part optimization due to the 

organizational need. The organizational need of RCA is based on the information in table 15, 

that 78% of the errors were recurring. This indicates that 78% could be prevented with root-

cause failure analysis. While 56% could have been prevented or predicted with CBM, this 

shows how vital RCA and improvement processes still are to reaching both effectiveness and 

efficiency (Bengtsson & Salonen, 2016). 

5.5 Organization maturity in context of occurred breakdowns/faults 

CBM in the context of disturbance queue length  

To the question "why do you believe the breakdowns occurred?" The production manager in 

cell y (PM1) answered that in the current state is there a long queue of work-orders of 

disturbances from production that the maintenance department hasn´t processed yet. Many 

of the reasons for the high number of breakdowns/failures might be in that queue. Volvo CE 

Op Esk didn’t track any historical records or statistics on the disturbance queue during 2015-

2017, and this theory cannot be controlled. The maintenance manager has since the week: 40 
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in 2017 started to log data in work-order queue to investigate if there is any relationship 

between the number of breakdowns and queue length of disturbances.  

If CBM were implemented with warning signals in this state, without increasing the number 

of repairmen or eliminated failures from occurring again, the disturbance queue would 

probably be even longer. Due to without prevent failures from recurring the same amount of 

maintenance actions will be needed but changed to a higher level of predictive activities 

(Bengtsson & Lundström, 2018). With a remaining shortage of resources, many warning 

signals would probably run to failure despite using CBM.  

Short-term goals in the context of indirect costs 

Disturbances are not included in this case study, but during a learning process in the start-up 

phase of projects, the author analyzed breakdowns and disturbances related to protective 

covers of linear guideways in cell x 2015-2017. The result showed that production had 

reported a work-order of a disturbance to the maintenance department. When the repairmen 

contacted cell x to correct the disturbance production told the repairmen that the machine 

must continue to run to meet the production output demand. The disturbance was never 

fixed, and four weeks later a breakdown occurred. This example shows that both 

maintenance department and production has a responsibility in decreasing the disturbance 

queue. The example did also show that the production management sometimes has short-

term goals that will lead to indirect costs such as breakdowns. Bengtsson & Salonen (2011) 

highlighted that companies struggled with analyzing indirect costs and was, therefore, 

focusing on direct costs, which this example showed. This leads to that the company must 

find a tool to analyze indirect and direct costs as information to base decisions on such as, 

reach output demand and run-to-failure or the opposite. The risk of not having this decision 

data is that production will include counties to choose higher production output over 

repairers, and in that case would the warning signals from CBM not improve the situation. 

Organizational goals in the context of working cross-functional 

The fact that management is focusing too much on short-term goals was also expressed by 

respondent X1 and X4. Both respondents added that the whole company needs to shift focus 

into more long-term for the maintenance department to get the possibilities to have a longer-

term maintenance strategy, which is critical for preventing and predict breakdowns. 

Nakajima et al., (1989) also state that to decrease the number of breakdowns departments 

must work cross-functionally and share the responsibility. In the view of long and short-term 

goals maintenance and production are not working together. Respondent XS answer that the 

organization's primary challenge was to work more cross-functional and the organization 

must get the sub-divisions to co-operate against a common goal without sub-optimizing. 

Importance of AM and CI 

During the interviews and observations with team leader TL1 in the reference cell, TL2 in cell 

x, and PM1 at cell y it become clear that there is a connection between organization maturity 

and digitalization. The reference cell had employees with long experience in the cell, and all 

the basic maintenance activities were working such as; AM, CI, and RCA. The cell has started 

a cross-functional collaboration with the IT-department to change the improvement work 

from manually to digitalized. In this case is the demand for digitalization comes directly from 
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the customer, which makes the solution more customized, which is good. The respondent 

PM1 expressed that the new AM edition was not realistic for cell y to follow because it 

included too many instructions. Cell x developed the AM and 5S instructions after the cells 

needs, that indicates that there is a demand for customization of guidelines between different 

cells.  

To the question "why the reference cells routines were working so well TL1 answered that it 

were the people, that they have high skills and feeling of responsibility. PM1 confirmed that it 

needs enthusiasts in every cell to get it to work. Cell x and y had recently changed production 

manager and hired new employees. More focus was also directed to the reference cell from 

other sub-divisions, e.g., two represents from the maintenance department was always 

participating during the daily morning meetings and in AM. 
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6 DISCUSSION, CONCLUSION, AND FUTURE 

RECOMENDATIONS 

This chapter is discussing the research questions based on the analysis findings and 

providing a platform for the conclusion, further studies, and recommendations. 

6.1 Discussion  

Figure 23 visualizes a summation of this study research finding´s. Each marked out percent 

level on the x-axis in the figure is further explained in this chapter. 

 

Figure 23 Research findings of the breakdowns/faults level in the context of organizational maturity 
and digitalization 

Level 1: 20% 

20% of the historical breakdowns could have been prevented if no breakdowns/faults 

occurred due to the human factors, in other terms if the work standard would be higher. 

Many parameters are affecting the work quality. The more recurring setting that was 

mentioned by different respondent during interviews was quality of, training, AM, and 

improvement processes. Currently the problem with training was the shortage of resources 

when operators should educate new employees. The author fines that this situation can 

increase frustration or kill people's feeling of responsibility, due to if a person has high 

ambitions and wants to achieve the organizational goal but does not get the resources, they 

stop trying to improve the situation in many cases.  
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Peoples feeling of responsibility has also been highlighted as one of the core values for high 

AM and CI work quality. The interviews indicated that cells with a lower percent of the 

flexible workforce had a higher number of people that were enthusiasts.   

Even if it is hard to change the situation due to its very costly to increase the resources or 

have a lower number of a flexible workforce a cost analysis of tradeoffs between 20% 

breakdowns or more resources can be useful. Even if the organization decides not to change 

anything, they have a decision material that explains the situation and it's an active choice. 

That´s important for the future and digitalization, for example, while deciding to implement 

a virtual training center or not.  

Level 2: 40% 

40% of the breakdowns/faults could have been predicted with CBM. Observe that this 

number is both including subjective and objective with all types of approaches. Subjective 

monitoring was considered to be a more cost-effective tool in twice as many cases then 

objective. This number can be high due to the studied machines has one operator by the 

machines that efficiently can monitor the health of the equipment in connection with the 

regular job assignments. If the same study were made on a 100% automated cell, the number 

would probably be different. However, with new safety systems that allow humans to 

collaborate with robots, this may change.   

Subjective monitoring includes analysis and decision directly made by the human while 

objective only measure. Subjective can at that aspect decrease the amount of data and 

simplify the process of creating useful information from collected data which has been 

highlighted as two big challenges in the realization of Industry 4.0. The quality of subjective 

monitoring also depends on the person's knowledge, and personal experience once again has 

the human identity an essential part of maintenance. Only objective instruments could create 

a situation of  ”sensor on a sensor," and the amount of data would increase even more. The 

conclusion of this reasoning is that more focus maybe should be put on how to digitalize the 

human subjective monitoring. There is considerable research about collaborative human 

robots, why not also focusing on "Subjective collaborative monitoring"? 

 The author believes that more effectiveness and efficiency maintenance can be created if 

humans are monitoring the equipment in its environment. It provides a greater 

understanding compared to sensors that only monitor a specific component without an 

understanding of the environment. For example, if two identical machines are standing next 

to each other on a shop floor, one machines heat measure sensor sends a warning signal that 

the temperature has increased at an abnormal rate. What the sensors are not telling is that it 

is a hot summer day and that the machine is standing in front of a window. The solution 

would be to cover the window and not do anything with the machine. It is a very simplified 

example, but the author fears that only objective measurement will in the long create tunnel 

vision.  

CBM is also only predicting breakdowns/faults not eliminating them, to decrease the number 

of breakdowns or maintenance activities RCA or similar activities is a must. The author 

believes it is many years until AI can perform failure-analysis, therefore, is it vital to keep 

people interacting with equipment and understand it, not only by raw data but also by correct 
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observations. However, CBM can be used to find the perfect predetermined interval; in that 

way could CBM prevent failures, as respondent X4 also highlighted.   

Level 3: 56% 

56% of the breakdowns/faults could have been predicted or prevented with CBM or 

predetermined maintenance depends on what strategy that is most cost-effective. The 

workshop could be used as a tool for finding if there was a business case for CBM or not. A 

tool for how to determine if there is a business case for CBM or not should be developed to 

reach the philosophy of “Instead of striving for connecting every machine in the production 

process and create an Internet of Things, it is smarter to create an Internet of Something’s, 

i.e., to choose items to connect based on the criticality of the item. “ (Kans et al., 2017, p. 6-7).  

To do this is it also vital to have defined the organizational need which also is related to 

creating quality data. This was also pointed out by respondent X1 during interviews and while 

discussing the workshop case.   

Maintenance is in the current state struggling with getting time from production to perform 

the predetermined maintenance activities on the machines due to that it takes production 

time. With CBM, the time to match production when maintenance can be performed will 

probably be even shorter than today. The author has concerns there may be a risk that with 

today's short-term goal, more maintenance activities would be selected away in order to 

increase production output. In that case, CBM would be a waste. Therefore a cost-analysis 

over the tradeoff between the breakdowns of lost output should be made as decision basis. 

Also, analyze how the management can start to work more long-term. Due to the author 

believes it starts in the top management. During daily meetings the factory production 

manager asks cell managers if they are reaching the daily production goal which starts a 

reaction process that ends with production being prioritized over maintenance. 

The author also believes it will be more comfortable with the new digitalization to have a 

short-term focus. For example, on-line real-time systems will probably make it easier to take 

correct decisions, but at the same time more decisions will likely be caused due to the 

decision material is changing more often. How will this impact the employees and the 

organizational culture? Maybe it might create greater stress that has a negative impact. 

Level 4: 78% 

If the breakdowns/faults would be eliminated after the first time of occurrence the 

breakdowns/faults could have been decreased by 78%. This indicates the importance of RCA. 

At the case company it was rare that repairmen performed an RCA after finished a CM action. 

In an earlier state, the case company used a system where the repairmen were responsible for 

a certain area of equipment. Based on interviews, the need for RCA, and a higher level of 

working cross-functional the author believe it would be beneficial for the company to go back 

to the old system. 

 

Level 5: 86, 5% 

86, 5% of the breakdowns/faults could have been predicted or prevented if predetermined 

maintenance, CBM, RCA and a high work-quality was used. This indicates that strive to 

eliminate all breakdowns/faults and reach a 0% level is probably very hard, costly and not a 
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realistic goal. It also shows that not only one maintenance type can be used to decrease the 

number of failures. 

6.2 Conclusion 

This chapter will discuss how the study meets the research purpose and answer the research 

questions by summarizing the research findings.  

The purpose of the study was to explore how historical data from a CMMS can be used in 

order to improve maintenance effectiveness and efficiency of activities, and investigate the 

possibilities for CBM in the manufacturing industry in context of digitalization. Effectiveness 

can be described as “doing correct thing” and efficiency as “doing things correctly” 

(Bengtsson & Osterman, 2014). The research findings has shown that doing the correct thing 

can be connected to choose the most suitable maintenance type and doing things correctly 

can be linked to the degree of maturity. The CMMS was useful to define an organizations 

current state and desire future state. However only 52% of the data from the CMMS allowed 

an in-depth analysis, in other terms the result of using this study’s method depends on the 

data quality in the CMMS.  

RQ1: To what extent could condition-based maintenance or other maintenance 

types been used in order to predict, prevent or in other way eliminate 

historical breakdowns/faults?  

RQ2: Which significance has an organization's degree of maturity to reduce 

the number of breakdowns? 

Research question one and two is in-depth answered in the discussion. Below, a summary is 

presented  

 CBM: Can predict 40% of the historical breakdowns/faults.  

 CBM and predetermined maintenance: Can predict and prevent 56% of the historically 

breakdowns/faults.  

 

The conclusion of this case study is; in order to reach effectiveness and efficiency of 

maintenance actions, different maintenance types must be used together with fundamental 

maintenance performance such as AM, improvement processes, and RCA. This case study 

showed that if effectiveness and efficiency of maintenance actions would be achieved 86, 5% 

of all breakdowns/faults could have been prevented or predicted. By only using CBM without 

considering improving effectiveness and efficiency of maintenance, 56% breakdowns/faults 

could have been predicted or prevented. The research findings also showed that with a high 

degree of organization maturity the digital developing solutions increased, which indicates 

that maturity level has a vital part in the realization of Industry 4.0. This relationship 

between decreasing breakdowns/faults, organizations maturity level, and digitalization is 

displayed in figure 23. The number of downtime will decrease by 20% if the AM quality and 

improvement processes increase, which in turn leads to a higher maturity level and 

possibilities for digitization. By achieving level 1, CBM and Predetermined maintenance can 

be utilized more effectively and efficiently and the breakdowns/faults continues to decrease 

http://synonymer.woxikon.se/en/significance
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at the same time as new knowledge is collected and provides a higher maturity level and an 

increasing rate of the digitalization developing process. 

This study indicates that the possibilities of using CBM in context of digitalization are lower 

than what previous literature states if taken into consideration maturity in manufacturing 

industry. There is a gap between the literature and the findings in this study regarding CBM 

in context of digitalization and further research is needed. 

6.3 Future studies  

The reasoning and the background for proposals for further studies are presented in the 

discussion chapter. 

 Cost analysis of trade-off between more training resources or 20% breakdowns.  

 Research of “subjective collaborative monitoring” 

 Cost-analysis over the trade-off between the breakdowns of lost output should be made as 

decision basis. 

 Research regarding short-term vs. long-term organizational goals in the context of 

digitalization.  

 Further analysis if the backward Moubray (1997) method could be useful to estimates business 

cases for CBM or develop a new tool. 
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7 RECOMMENDATIONS 

This chapter presents recommendations based on the discussion and conclusion from the 

study. The reasoning and the background for proposals for recommendations are presented 

in the discussion chapter.  

Data quality:  A recommendation to the case company is to define the organizational needs 

to collect useful data that can be converted to valuable information. To 

improve data quality is something that is useful both in the current state 

while implementing new information technologies.  In the current state, it 

would, e.g., make it easier to perform RCA, to decide if there is a business 

case for different maintenance types. In practice, a first step could have been 

to change the design and the questions in the work order report in the CMMS 

by operators and repairmen. 

Responsibility areas for repairmen: Create better prerequisites and a greater sense of 

responsibility with the repairmen by allocating them to focus areas. This will 

hopefully increase the RCA and eliminate more failures. It can also provide a 

better collaboration between different sub-divisions and in that way create 

common goals and not counteract each other through, for example, long-

term and short-term goals. 
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APPENDIX A: TABLES  

A1: Average number of breakdowns per year  

y1 y2 y3 y4 y5 y6 y7 Total Average/machine 

8,01 10,67 6,67 4,67 7,67 2,00 9,67 49,33 8,22 

 

A2: Total CMT on breakdowns 2015-2017 (hours)  

y1 y2 y3 y4 y5 y6 y7 Total Average/machine 

259,20 428,60 132,60 165,90 162 91,60 49,70 1289,60 214,93 

 

A3: Average CMT on breakdowns per year (hours) 

y1 y2 y3 y4 y5 y6 y7 Total Average/machine Average/activity 

86,40 142,87 44,20 55,30 54,00 30,53 16,57 429,87 71,64 8,71 

 

A4: Total MTW, MTTR, and MDT on breakdowns average per year  

Metrics y1 y2 y3 y4 y5 y6 y7 Total 
Average/ 

machine 

Average/ 

activity 

MTW 38:31:10 78:07:16 37:51:59 21:19:29 32:13:40 27:34:23 9:21:15 244:59:12 40:49:52 4:57:57 

MTTR 115:04:19 195:06:05 46:55:17 113:49:01 70:34:14 61:21:09 27:31:07 630:21:12 105:03:32 12:46:39 

MDT 153:35:30 273:13:21 84:47:16 135:08:30 102:47:54 88:55:32 36:52:21 875:20:24 145:53:24 17:44:36 

 

A5: To what extend is the fault described in the work orders to the studied breakdowns? 

Machines 
Total number of 

breakdowns/faults 

Fault described 

in work order: 

YES 

Fault described 

in work order: 

NO 

Percent: YES Percent: NO 

y 148 142 6 96% 4% 

x 238 235 3 99% 1% 

Total 386 377 9 98% 2% 

 

 

 

x1 x2 x3 x4 x5 Total Average/machine 

15,33 13,33 16,00 21,000 13,67 79,33 15,87 

x1 x2 x3 x4 x5 Total Average/machine 

334,10 274,20 373,00 421,30 265,10 1667,70 333,54 

x1 x2 x3 x4 x5 Total Average/machine Average/activity 

111,37 91,40 124,33 140,43 88,37 555,90 111,18 7,01 

Metrics X1 X2 X3 X4 X5 Total 
Average/ 

machine 

Average/ 

activity 

MTW 72:16:47 53:50:01 61:35:52 103:14:02 34:34:29 325:31:12 65:06:14 4:06:11 

MTTR 158:26:12 125:36:34 187:56:26 36:12:00 126:08:00 634:19:11 126:51:50 7:59:44 

MDT 230:42:59 179:26:34 249:32:18 139:26:02 160:42:29 959:50:22 191:58:04 12:05:56 
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A6: How many work orders of the breakdowns/faults was reported in a way it was 

possible to evaluate if the breakdown occur because a human factor? 

Machines 
Total number of 

breakdowns/faults 

Not possible 

to evaluate 

Possible to 

evaluated 

Percent: Not 

possible to 

evaluate 

Percent: 

Possible to 

evaluated 

y 148 77 71 52% 48% 

x 238 107 131 45% 55% 

Total 386 184 202 48% 52% 

 

A7: How many breakdowns/faults that occurred because of a human factor were 

recurrent? 

Machines 
Human 

factor: YES 

Recurrent: 

YES 

Recurrent: 

NO 

Percent: 

Recurrent: 

YES 

Percent: 

Recurrent: 

NO 

y 15 11 4 73% 26% 

x 25 21 4 84% 16% 

Total 40 32 8 80% 20% 

 

A8: How many work orders of the breakdowns/faults was reported in a way it was 

possible to evaluate if the failure has a degradation failure pattern? 

Machines 
Total number of 

breakdowns/faults 

Not 

possible to 

evaluate 

Possible to 

evaluated 

Percent: Not 

possible to 

evaluate 

Percent: 

Possible to 

evaluated 

y 148 74 74 50% 50% 

x 238 102 136 43% 57% 

Total 386 176 210 46% 54% 

 

A9: How many work orders of the breakdowns/faults was reported in a way it was 

possible to evaluate if the failure has a reoccurring or irregular failure frequency? 

Machines 
Total number of 

breakdowns/faults 

Not 

possible to 

evaluate 

Possible to 

evaluated 

Percent: Not 

possible to 

evaluate 

Percent: 

Possible to 

evaluated 

y 148 77 71 52% 48% 

x 238 105 133 44% 56% 

Total 386 182 204 47% 53% 

 

A10: How many work orders of the breakdowns/faults was reported in a way it was 

possible to evaluate if the failure belonged to group A, B, C or D? 

Machines 
Total number of 

breakdowns/faults 

Not 

possible to 

evaluate 

Possible to 

evaluated 

Percent: Not 

possible to 

evaluate 

Percent: 

Possible to 

evaluated 

y 148 76 72 51% 49% 

x 238 102 136 43% 57% 

Total 386 178 208 46% 54% 
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A11: Of all the work orders that were possible to evaluate, how many failures that belongs 

to group D was not recurring? 

Machines 
Can be 

evaluated 

Failures in D 

and not 

recurring 

Failures in D 

and recurring 

Percent: 

Failures in D 

and not 

recurring 

Percent: 

Failures in D 

and recurring 

y 72 17 55 24% 76% 

x 136 24 112 18% 82% 

Total 208 41 167 20% 80% 

 

A12: Of all the work orders that were possible to evaluate, how many failures that belongs 

to group D occur because of the human factor? 

Machines 

Work orders 

possible to 

evaluate 

Failures in D, 

not based on 

human factor 

Failures in D 

and based 

on human 

factor 

Percent: 

Failures in D, 

not based on 

human factor 

Percent: 

Failures in D 

and based on 

human factor 

y 27 22 5 81% 19% 

x 54 48 6 88% 11% 

Total 81 70 11 86% 14% 

 

A 13: How many work orders of the breakdowns was reported in a way it was possible to 

evaluate if the failure could be measured with an objective measuring technique?  

Machines 
Total number of 

breakdowns/faults 

Not possible 

to evaluate 

Possible to 

evaluated 

Percent: Not 

possible to 

evaluate 

Percent: 

Possible to 

evaluated 

y 148 77 71 52% 48% 

x 238 105 133 44% 56% 

Total 386 182 204 47% 53% 

 

A14: How many work orders of the breakdowns/faults was reported in a way it was 

possible to evaluate if the failure could be measured with a subjective measuring technique?  

Machines 
Total number of 

breakdowns 

Not possible 

to evaluate 

Possible to 

evaluated 

Percent: Not 

possible to 

evaluate 

Percent: 

Possible to 

evaluated 

y 148 73 75 49% 51% 

x 238 102 136 43% 57% 

Total 386 175 211 45% 55% 

 

A15: How many work orders of the breakdowns/faults was reported in a way it was 

possible to evaluate if the failure or faults was recurring 

Machines 
Total number of 

breakdowns/faults 

Not possible 

to evaluate 

Possible to 

evaluated 

Percent: Not 

possible to 

evaluate 

Percent: 

Possible to 

evaluated 

y 148 19 129 13% 87% 

x 238 24 214 10% 90% 

Total 386 43 343 11% 89% 
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