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Abstract 

At today's manufacturers, reactive maintenance mostly takes place instead of preven-

tion. At the same time, maintenance is seen as a necessary evil and many companies 

have no direct strategies or goals for maintenance. In today's maintenance, Industry 4.0 

with digitalisation has begun research in and new methods and ideas are produced for 

more efficient maintenance. The purpose of this study is: To increase the knowledge of 

how manufacturers can understand and develop a strategy to achieve preventive 

maintenance and at the same time find essential elements for maintenance digitalisa-

tion. 

 

Through a literature study, the existing research in prevention and digitalisation in 

maintenance was studied. To supplement, a single-case study was also conducted that 

included interviews from a manufacturing company that has reactive maintenance. Two 

focus groups were also conducted, one on the case company but also on another manu-

facturing company to compare the answers to the theory. 

 

The study shows that there are several root causes that cause manufacturers to remain 

in reactive efforts in maintenance and it can be difficult to get out. This creates expen-

sive costs for the manufacturer and stress for the maintenance operators. To get out and 

move towards more prevention, it is important to start with the basics, which is to have 

a strategy that has been jointly agreed within the organisation. Therefore, it is also im-

portant with training and choosing the right kind of maintenance depending on the ma-

chine and complexity. The last research question is more complex and it turned out that 

there are factors in digitalisation where manufacturing companies with reactive mainte-

nance develop and use. 

 

By understanding the causes and seeing elements to deal with preventive maintenance, 

manufacturers can practically use the study to achieve their maintenance goals. Regard-

ing digitization, it is a step further and try to see if it is practical to implement at a 

company with reactive maintenance. 

 

The study only covered information about a specific machine that is the base for gen-

eralisation within the case company factory plant. At the same time, the study focused 

only on the step between reactive and preventive maintenance in order to delimit the 

theoretical part. 
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1 Introduction 

Worldwide there is increasing competition on the market places and in the global in-

dustry of today, there is increasing pressure from both customers and competitors on 

flexibility, quick deliveries capacity, performance and quality (Ahuja & Khamba, 

2008). Manufacturers are struggling to keep costs down while customer satisfaction 

must be high, which can be difficult to balance. At the same time, a new concept is 

underway with more sustainable production  to enable production systems that are com-

pletely problem-free and reduce maintenance costs (Algabroun et al., 2020; Monostori 

et al., 2016). According to Ahuja and Khamba (2008), studies have shown that short-

comings in maintenance affect production throughput, reliability, increased inventory, 

quality and unreliable delivery performance. Nowadays, the focus on maintenance has 

widened and is considered to affects the entire organisation in being competitive and 

able to survive the business markets. Maintenance has developed in its role and gone 

from letting the equipment break down and urgently repair to prevention to keep pro-

duction going (Blann, 1997). There are generally three stages of maintenance ap-

proaches, reactive maintenance (RM), preventive maintenance (PM) and predictive 

maintenance (PdM) (Alsyouf, 2007). RM is the first approach where manufacturers do 

not act or anticipate until something breaks and creates high costs (Alsyouf, 2007). The 

second approach is PM where manufacturers determine the intervals or inspect the con-

dition of the equipment continuously, which means that acute errors do not occur in the 

same amount (Yang, 2003). The last approach PdM was created based on the increasing 

complexity and degree of automation during the 1970s (Ahuja & Khamba, 2008). The 

approach is based on measuring the physical condition of the equipment through, for 

example, methods such as temperature, vibrations and sensors  (Alsyouf, 2007). PdM 

is similar to PM but has the difference that manufacturers use other criteria to monitor 

the conditions of the equipment and do not have a certain period of time but can have 

condition-based maintenance (CBM) when needed (Ahuja & Khamba, 2008). Mainte-

nance is usually described as a necessary evil and is not seen as a profitability. The 

reason why maintenance has such a bad status today is because it belongs to a large part 

of the manufacturers' operating budget (Algabroun et al., 2020). According to measures 

by Chan et al. (2005), 15-30% of the total manufacturing costs are maintenance related 

and up to 33% of that portion is considered unnecessary wasted. Lack of well performed 

maintenance is also seen as a reason for poor productivity and profitability according 

to Overall Equipment Efficiency (OEE), although maintenance is considered to affect 

only two of the six losses included in the calculations of OEE (Ylipää et al., 2017). 

 Background 

If a manufacturer has an RM approach it leads to frequent faults, poor utilisation of 

equipment and, above all, unexpected stops, which can lead to long production delays. 

A big negative aspect from an RM approach can be that the parts life-time becomes 

shorter and need to be replaced more often (Swanson, 2001). According to Geary et al. 

(2006), RM not only affects performance, but large capital is tied up in the organisation. 

Although, a well-performing maintenance gives good effects in fewer stops, improved 

quality and increased production time and creates higher competitiveness (Swanson, 

2001). All manufacturers have a need of maintenance which has increased the amount 

of research within the field leading to more theories and models and there are detailed 
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documents on how to plan and deliver in order to get a successful result. In a study by 

Gomes and Yasin (2010), 49 techniques and models were found for maintenance only, 

which shows how much information is available for manufacturers. One example is 

Total Productive Maintenance (TPM) which is a method from the Japanese automotive 

industry where they create interference-free processes (Zlatic, 2019). Several manufac-

turers find it difficult to get good results using TPM and there is still a bad attitude 

towards maintenance (Zlatic, 2019). As described above many manufacturers still see 

maintenance as a negative necessary cost and only want to repair when it comes to fix 

break downs and not invest more money than that. This makes it difficult for mainte-

nance to get enough money in their budget to get enough resources (Jonsson, 1997). On 

the other hand, Chan et al. (2005) found that an emergency repair costs 3 times as much 

and takes 10 times longer than a planned stop does. According to the Djurdjanovic et 

al. (2003) report, a manufacturer can save up to 20% by having more preventive mainte-

nance. 

 

While manufacturers find it difficult to keep up with developments, today's literature 

has begun to focus on Industry 4.0 and has been mentioned more in maintenance con-

texts and how digitalisation can be used. Many industries are changing and focusing on 

developing digital tools to be competitive as a response. In the future, manufacturers 

are expected to invest even more in machines due to digitalisation, but get a result where 

the economic effect exceeds the costs (Monostori et al., 2016). There are manufacturers 

that have already invested in large automated systems that tied up large capital (Garg 

& Deshmukh, 2006). That has created challenges in analysing the mass of data and 

finding important information. Finding ways to extract relevant data can help manufac-

turers make important decisions and move maintenance work forward (Algabroun et 

al., 2020). According to Basl and Republic (2019), manufacturers with PdM strategies 

can use Industry 4.0 and more easily analyse via sensors and extract important data 

compared to RM. The technological capacity of equipment has increased over the years 

and now there are sensors and alarms that collect data and analyse it. However, it has 

also meant that the increased complexity and introduced more expensive technology 

which has led to increased maintenance costs (Simões et al., 2011). Nonetheless, if 

manufacturers have bought expensive and complex equipment, the technology that is 

included is often not used because many manufacturers still allow the equipment to 

break down and then repair despite this technological advances, which creates a reactive 

approach (Jay Lee & Wang, 2008). The reason is that manufacturers do not have enough 

knowledge and at the same time do not have digital maintenance systems (Jay Lee & 

Wang, 2008). This leads us to one of the biggest trends right now, digitalisation which 

is prominent in both society and industries at current (Parviainen et al., 2017). For ex-

ample, society is being digitalised in more application solutions and in industries, doc-

umentation on paper is being transformed into reports on the computer. Even so, re-

garding digital maintenance, Bokrantz et al. (2020), Jonsson (1997) and Ylipää et al.( 

2017), assess that there is little research. Johansson et al. (2019) elaborate that the rea-

son is that all research has been done within Industry 4.0 and digitalisation in produc-

tion. An increasing digitalisation can enable information to be collected in more and 

better quality in order to be able to make decisions. However, this requires a great deal 

of knowledge and access to digital tools that are difficult to operate for manufacturers 

that do not have good infrastructure and skills (Aboelmaged, 2014). Digitalised mainte-

nance can be described as technology that provides support for decision-making 

through advanced information technology (Johansson et al., 2019).  

 



Introduction 

 9 

Recent research on digitalisation and maintenance points out that manufacturers must 

have a PdM approach. Studies from Dalzochio et al. (2020), Tran Anh et al. (2018) and  

Zonta et al. (2020), all have focus is on manufacturers with PdM  and the theories as-

sume that RM is highly limited. The benefits of going towards PdM are great but can 

be difficult as the culture in the whole organisation creates reluctance (Ylipää et al., 

2017). 

 Problem description 

In recent studies from Dalzochio et al. (2020), Tran Anh et al. (2018) and Zonta et al. 

(2020), it is expected that the manufacturers have PdM when implementing a higher 

degree of digitalisation and utilising ideas from Industry 4.0. Although, a study from 

Ylipää et al.(2017) showed that 94 Swedish manufacturers between 2006 -2012 had 

only 6.6% PM on average of the total time. The study also showed that many manufac-

turers include meetings, breaks and other scheduled events, which Ylipää et al. argued 

that this means that many manufacturers may not even have a PM, and nonetheless 

PdM, and only focus on urgently maintaining the equipment. Algabroun et al. (2020) 

and Ylipää et al. (2017) described that there are several studies that show that RM dom-

inates in industries and that the commitment and time is not spent on reaching PM. 

Hence many Swedish manufacturers are still having RM with firefighting and do not 

know how to start to become more preventive, neither are they allowed to change in 

their organisational culture towards being more proactive in their maintenance activities 

mainly due to that it is considered to be a necessary evil (Algabroun et al., 2020; 

Jonsson, 1997; Ylipää et al., 2017). Manufacturers simply do not see the benefits of 

improving maintenance, which is strongly opposed by authors such as Djurdjanovic et 

al.(2003) and Swanson (2001) who consider maintenance as the enabler to cut large 

costs and at the same time increase competitiveness. 

 

As described above, the concept of Industry 4.0 is beginning to get attention together 

with how ideas with digitalisation can create more precise data collection and analysis. 

Nonetheless, there is a lack of knowledge and theories for how manufacturers with RM 

can apply these ideas and concept (Bokrantz et al., 2017). Also, Ylipää et al. (2017) 

argue that many manufacturing industries will still be stuck in RM in the coming dec-

ades and will not advance. The result is that many manufacturers risk remain having 

poor maintenance using RM and at the same time lose in the development of digital 

maintenance tools towards manufacturing excellence. 
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 Purpose and research questions 

Based on the problem description, the purpose of this study is: 

 

To increase the knowledge of how manufacturers can understand and develop a 

strategy to achieve preventive maintenance and at the same time find essential 

elements for maintenance digitalisation. 

To fulfil the purpose, three research questions were chosen together with a short de-

scription.   

Research Question 1: What are the main causes for a Swedish manufacturing company 

to in remain in a RM? 

By reviewing literature and a case study be able to find main causes and why manufac-

turers stay in RM.  

Research Question 2: What are the essential factors for going from RM to more pre-

ventive maintenance for a Swedish manufacturing company?  

By reviewing literature and case study be able to find key elements which enables mov-

ing on to PM. 

Research Question 3: How can a manufacturer in an RM state utilise the development 

in digitalisation to improve their maintenance? 

The question is looking for elements in digitalisation that can be used even though man-

ufacturers do not have PdM, which the scientific studies are based on, and evaluate if 

manufacturers in an RM state can take advantage of these to excel the development of 

maintenance. 

 Delimitations 

The case study in the study was limited to one company and one individual machine. 

All data collection was done only on the machine and did not take into account the 

associated equipment in the same production line. It would take too long to check the 

entire line and would exceed the project time. As a result, research was done on one 

machine to spread the application to other equipment in the future. The method is lim-

ited to two manufacturers due to corona restrictions and lack of time. Also, only the 

step from RM to PM is considered in the results and analysis, which excludes taking 

PdM into account, due to lack of time and that it takes several years to see such a result. 

 Outline 

The first chapter presented the purpose of the study and the research questions. Chapter 

2 described the theory used in the study. Furthermore, chapter 3 is a description of the 

method and how the study was conducted. In chapter 4, findings of the literature study, 

results from case study and focus groups are presented. Following, chapter 5 where 

findings and theory are compared and analysed. At last, chapter 6 presented discussion 

of the results followed by chapter 7, which summarizes the entire study and a discussion 

of whether the purpose has been achieved. 
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2 Theoretical framework 

This chapter presents the theoretical framework that contains relevant theory and meth-

ods for understanding the basics of the topic. It starts with different types of mainte-

nance and strategies. Then it provides different ways to perform maintenance and mo-

tivation of operators. At last, industry 4.0 is presented and what digitalisation is. 

 Different types of maintenance approaches 

Maintenance is described according to the Swedish maintenance SS-EN 13306:2017 as 

a: “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” (Swedish Standards Institute, 2020). Maintenance is existing in 

every manufacturing industry and is an important part of being able to be competitive 

(Abdelhadi & Khreis, 2016). It can affect both the production capacity but also the 

quality and quantity of an end result. Therefore it is important that maintenance is in-

cluded in the overall business plan to keep efficiency (Abdelhadi & Khreis, 2016). The 

view of maintenance is considered as a poorer rate of return and therefore not a priority 

in a budget. Still, the reality is that several manufacturers can reduce their maintenance 

costs by a third and increase the level of production by just prioritising at every levels 

of the organisation, including management(Ahuja & Khamba, 2008). It is important 

that everyone has an understanding  of maintenance that allows it to influence success 

or failure (Ahuja & Khamba, 2008). Today’s maintenance does not have a common 

maintenance language and it consist of mixed methods and tools. Also, It does not have 

the same  holistic system for collecting, processing and evaluating data from the ma-

chines (Monostori et al., 2016). Hagberg and Henriksson (2018) claims that all mainte-

nance systems look different for different manufacturers and operations, which means 

that they can choose different maintenance systems depending on what they want to 

achieve. There are several different approaches to maintenance and a common standard 

model is shown in Figure 1 from the Swedish Institute for Standards (Swedish 

Standards Institute, 2020). The figure shows the two typical approaches of maintenance, 

preventive- and corrective maintenance (Prajapati et al., 2012).  

  

 

Maintenance 

Preventive 
maintenance 

Corrective 
maintenance 

Acute Planned Condition-based 
maintenance 

Time-based 
maintenance 

Figure 1, Maintenance strategies, based on Swedish Standards Institute (2020). 
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But there are other models that contain several approaches and exhibits different levels 

of hierarchy. In Figure 2, Kumar and Kumar (2018), described how proactive and pre-

dictive maintenance also is included in the model and show what costs and hierarchy 

can be considered in maintenance.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2, Types of maintenance based on  Kumar and Kumar (2018) 

 

Maintenance has evolved over time and have developed several different approaches. 

During World War II, a strategy called RM was developed and is based on acting when 

it has broken down. The approach has none preventive measures or other investigations 

and just wait until the machines breaks down (Alsyouf, 2007). When an error occurs 

and needs to be fixed, it becomes RM. It is possible to develop RM through corrective 

maintenance (CM) which make improvements that prevent it from happening again 

when an error occurs (Chan et al., 2005). Having the high reliability of the equipment, 

the ability to maintain and have a high level of safety is the purpose of CM. The infor-

mation that can be kept is very useful to be able to develop into a more preventive 

maintenance (Alsyouf, 2007). It can be considered that CM is similar to PM, except 

that the error must have occurred in CM and that increases the costs (Alsyouf, 2007). 

In an RM approach, a large spare parts warehouse is required to be able to have parts 

for when unforeseen faults occur. It also creates large inventory costs which must exist 

to cover for all kinds of breakdowns to be solved (Ahuja & Khamba, 2008).  

 

After the Second World War, production in the world increased and the factories be-

came more complex. Costs and availability became important, which RM has not fo-

cused on before. This led to prevention, so-called PM where manufacturers change parts 

at intervals instead of waiting until it breaks (Alsyouf, 2007). Preventative maintenance 

is effective for sustaining higher level of reliability and the goal of PM is to minimise 

the costs of inspection, repair and downtime (Abdelhadi & Khreis, 2016).To have 100% 

PM, the errors must be able to be detected before something happens to prevent damage 

and large cost losses. There are two approaches within PM: Time-based maintenance 

(TBM) and condition-based maintenance (CBM). In TBM, parts are changed within 
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certain time intervals, while in CMB, the condition of the parts is crucial, which can 

lead to varying intervals for replacing a spare part (Yang, 2003).  

 

A typical element of PM is that maintenance operators rely heavily on experience and 

not what the error history (Nord et al.,1997). For example, they determine time intervals 

based on the condition of the parts and knowledge of the machines. During such in-

spections, the production operators must be well trained to be able to understand how 

the interval maintenance can be set and dare to adjust at the right time (Gerald et al., 

1995). The risk with this approach is that manufacturers rely too much on the experi-

enced maintenance operators and there will be difficulties when such an operator leaves 

the company (Ahmad & Kamaruddin, 2012). According to Wang et al. (2007), a sup-

port decision system must be available when a manufacturer uses TBM in order not to 

change unnecessarily much or risk that maintenance deteriorates. It is important to 

make decisions based on the collected error data and examine the error properties 

(Ahmad & Kamaruddin, 2012). TBM is significantly more expensive than CBM as it 

has a larger safety margin to avoid faults (Ahmad & Kamaruddin, 2012; Gerald et al. 

1995). Inspections and replacements can take place unnecessarily or even when it is too 

late (Wang et al., 2007). If production operators listens to noise and use condition mon-

itoring technology instead, the cost of maintenance would decrease significantly in PM 

(Gerald et al., 1995). 

 

The basis for getting a preventive work is to have manuals and technical data as building 

blocks for the planning. Through manuals, production operators can see service inter-

vals and information on how to best maintain the equipment. When the PM takes place, 

clear working instructions with text and preferably pictures are also needed to facilitate 

the work. At the same time, it means that everyone works in a similar procedure and 

creates the basis for a standardisation. Afterwards, the work needs to be reported in 

words about faults and interesting variations on the machine. (Hagberg & Henriksson, 

2018) 

 

In the 70's, automation and complexity increased where many factories began to use 

automatic machines. Data and information could now be read by computers and PdM 

was created (Alsyouf, 2007).The maintenance approach is based on anticipating the 

information and through that analyse and find hidden and potential dangers (Alsyouf, 

2007). The PdM strategy is based on that the maintenance activities occurring before 

machine breaks down and in this way the maintenance can be planned efficiently. PdM 

use, for example, sensors on the machines and data analysis so it can give clear warning 

signals and maintenance measures can be planned. It is important to know that PdM 

does not say exactly when errors occur but can provide a more clear picture for mainte-

nance and production operators to act on (Fitch, 1992).  

 

Compared to RM, Proactive maintenance is completely the opposite and solves prob-

lems before it becomes a problem. Proactive maintenance focuses on determining the 

root causes of errors before they occur and save costs (Blann, 1997). Proactive mainte-

nance requires a high level of knowledge from the maintenance operators about the 

systems and the machines. It is important to understand the process and thus find the 

root causes of the errors. It requires a large amount of training and experience for the 

maintenance operators (Fitch, 1992). There are great advantages to having Proactive 

maintenance where acute errors are minimised, and they do not require large spare parts 
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stocks. Instead, parts can be ordered and planned on time, which leads to minimised 

costs (Abdelhadi & Khreis, 2016). 

 

If a company improves its maintenance work, the company can be considered to climb 

in a maintenance culture model that Franzen (1993) defined as operational reliability 

(see Figure 3). By improving their knowledge within the organisation and taking steps 

in the development of maintenance, they can take steps in the model to finally achieve 

a reliable business (Franzen, 1993). It is difficult to have 100% PM as it sometimes can 

be more worthwhile to let certain parts of the equipment break reactively. There are no 

direct studies on the relationship between RM and PM, but it is usually said that the 80 

% PM and 20 % RM is a good measure when it comes to having a balance in mainte-

nance (Stenström et al., 2016). 

 

Figure 3, Illustration of the step model of maintenance culture, based on Franzen (1993) 

 Maintenance strategies  

To succeed, strategic investments can create improvement in manufacturing perfor-

mance to face the competition. This has led manufacturers to adopt effective mainte-

nance strategies such as CBM, Reliability Centered Maintenance (RCM) and Total Pro-

ductive Maintenance (TPM) (Ahuja & Khamba, 2008). When writing a maintenance 

strategy, it is important not only to take the overall goals for maintenance development 

but also to think about what the production department's goals are (Hagberg & 

Henriksson, 2018). By considering the two perspectives of both parts, a relevant strate-

gic goal can be designed (Salonen & Bengtsson, 2011). Hagberg and Henriksson (2018) 

reported that the most common mistake for the development of maintenance is that 

manufacturers do not have the knowledge of maintenance and do not know how to 

proceed. This leads to the most common application of concepts and theories that are 

up to date, such as TPM and Lean. 

 

When developing a maintenance strategy, it is important to analyse the current situation 

and a plan for where the organisation wants to go. For manufacturers, there may be 

different opinions and plans on how to proceed from management and maintenance, 
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which means that an analysis of the current situation together creates a common image 

and plan (Hagberg & Henriksson, 2018).  

2.2.1 Total Productive Maintenance 

In order to improve PM to higher efficiency, Japan developed TPM in the 70's. TPM is 

a method that describes the relationship between production and maintenance, at the 

same time it is strongly emphasised that maintenance is a necessary and basic thing to 

be able to work (Nord et al., 1997). TPM can be defined accordingly: 

“TPM is a systematic approach that focus on creating interference-free processes 

through the commitment of each employee” (Nord et al., 1997). 

 

The method is designed for the equipment to be reliable and optimised while at the 

same time ensuring the efficiency of the factory (Ahuja & Khamba, 2008). Nakajima 

(1989) defined TPM as an approach to reduce and ultimately eliminate downtime and 

allow maintenance and production operators to perform daily maintenance using auton-

omous maintenance. TPM aims towards having zero stops, zero accidents and zero er-

rors where at the same time the factory must have 100% capacity for 100% of the time. 

To be able to see the total productivity, Nakajima (1989) created the OEE measurement 

to see the productivity of individual machines and the entire factory. To succeed with 

TPM, it does not help that only the maintenance operators work with it. There must be 

support from management and permeate  the entire company through common strate-

gies, attitudes and goals (Zlatic, 2019). There are studies that show that for example 

manufacturers that implemented TPM reduced 50% of their stock, 30% of costs, 

productivity increased 50% and that the machine break downs decreased from 1000 

times a month to 20 times (Patterson et al., 1995).  

2.2.2 Reliability-Centred Maintenance 

The method originates from the aviation industry where it was realised that PM was 

performed unnecessarily (Chan et al., 2005). After a careful study, experts in mainte-

nance technology came to the conclusion that time is of little importance in complex 

systems and that there are details where it is not possible to have any time based mainte-

nance at all (Nord et al., 1997).  
 
RCM has also developed a decision model as it can be crucial to have a preventive work 

to avoid high costs. However, it is not profitable to invest large resources as the costs 

exceed what the error will cost (Nord et al., 1997). There is a decision model (see Figure 

4 ) that manufacturers can easier use when they do not know whether to have prevention 

or not in a machine (Nord et al., 1997).  In order to have high efficiency, it is important 

to clarify the responsibility for the various activities in maintenance. The collaboration 

between maintenance and production must be mapped and it is clear who does what 

(Patterson et al., 1995). For example, production can perform easier maintenance in 

daily work and maintenance accounts for the expertise in more complex problems. At 

the same time, production operators need to be given the opportunity to train to gain 

better knowledge (Nord et al., 1997). The collaboration can be done through a service 

level agreement (SLA), where requirements between maintenance and production can 

be determined (Hagberg & Henriksson, 2018). The agreement can describe the priori-

ties to achieve a high level of operational performance. It is also possible to include 

budgets and how maintenance resources are to be used to be able to support the pro-

duction processes. For example, an SLA can be created so manufacturers know if 
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maintenance or production operators will perform the tasks, and everything becomes 

clearer for both parties (Hagberg & Henriksson, 2018). 

 

 

 Specialist and operator role in maintenance 

To achieve zero stops, faults, zero accidents, and reduce the time between repairs, t 

maintenance operators is used. Based on the three strategies described in the chapter 

above, there are slightly different ways to improve their maintenance. The basis of TPM 

is to improve the equipment and go to the root cause of the error to ensure that they do 

not happen again (Patterson et al., 1995). Then maintenance operators try to prevent 

and predict errors through scheduled maintenance (Patterson et al., 1995). Something 

that is very important within TPM is that the production operators take responsibility 

for "their" machines through inspections, cleaning and service (Chan et al., 2005). Once 

manufacturers succeed with this, it can have positive effects. In the case study from 

Chan et al.(2005), they succeeded in implementing TPM and reducing stops from 571 

to 89 in the same time period and productivity increased 83%. 

 

The RCM method can be used to optimise and make more effective maintenance work 

(Nord et al. 1997). The RCM method includes seven steps that both maintenance and 

production operators must do to streamline and improve their maintenance, where the 

basis to start improving is to educate and have systems that support digital data (Nord 

et al., 1997). An integrated maintenance system is needed to store and analyse mainte-

nance measures for both maintenance and production operators (Nord et al., 1997). Fur-

thermore, Nord et al. (1997) have found that it is important to analyse OEE and see 

where it stands still and what errors have occurred. When machines stand still, they cost 

money and nothing is produced, which makes it the most important focus point. 

 

In CBM, the strategy is to constantly monitor the condition of the equipment to deter-

mine what kind of maintenance needs to be done. Maintenance only takes place when 

there are indications via, for example, sensors that say that performance has decreased 

Will a possible error lead to major 
problems?  

Is it profitable to fix before the 
accident?  

Remedy before breakdown  Drive to crash 

No 

No 

Yes 

Yes 

Figure 4, Decision model, inspired by Nord et al. (1997). 



Theoretical framework 

 17 

or that deviations will occur shortly (Yang, 2003). However, it may not be suitable for 

all systems to just run CBM as there may not be technology to detect any errors. CBM 

is very powerful when manufacturers want careful control but at the same time, it can 

create expensive costs (Prajapati et al., 2012). Through the RCM analysis, manufactur-

ers can see how much CBM versus TBM should be applied and thus adapt to the current 

system (Prajapati et al., 2012). According to Prajapati et al.(2012), it is not good to run 

only CBM or TBM as it creates inefficiency in downtime and the use of resources, 

instead they argue for a mix, for example 80/20 in advantage CBM.   

 

In all three of these strategies, there are common factors that are important to include, 

something Nord et al. (1997) is pushing for, is to make the maintenance operators mo-

tivating and get their understanding in order to be able to carry out development and 

efficient processes. They are the ones who will work within it and are an extremely 

important part for it to be trouble-free. The most thorough maintenance for the produc-

tion is cleaning and sanitation (Nord et al., 1997). According to Hagberg and 

Henriksson (2018) the production operators who stand by the machines who can, 

through a certain knowledge, detect breakdowns but also perform simple maintenance 

themselves. It is also the production operators who identify the faults and decide 

whether it is urgent or can be postponed (Hagberg & Henriksson, 2018). The more 

maintenance goes towards PM, the production operators can be given more responsi-

bility and it is important that they are involved in the analyses of what has broken down 

and how they can be prevented (Nord et al., 1997). As described higher up, the produc-

tion operators are the ones who stand by the machines and have great knowledge where 

they see / hear things that no one else pays attention to. This is demonstrated in a study 

from the company John Deere in the USA where they reduced the number of mainte-

nance hours by giving the production operators more responsibility (Patterson et al., 

1995). In order to better understand what the areas of responsibility between mainte-

nance and production operators can look like, Chan et al. (2005) have produced an il-

lustration in its study (see Figure 5) to more easily visualise what it might look like. 

 

 

Figure 5, Relationship between operators in production and maintenance operators, based on 

Chan et al. (2005) 
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Factors as responsibility and education depends a lot on the human to get a successful 

maintenance, it is an elementary factor to consider. Sometimes it can be difficult to be 

highly motivated as operator when changes occur. According to Hayes (2014) it is im-

portant how leading managers present the changes and also need to involve operators. 

Also, Choi (2011) described that in order to be able to continue with the changes, op-

erators must support the change and at the same time be supported by senior managers 

who have the right to make decisions. The human is governed by emotions and acts 

accordingly, which means that psychology is important to include in change manage-

ment. There is a theory termed "the four rooms of change" that explains how we as 

humans feel psychologically in change, see Figure 6, (Tonnquist, 2018). It starts with 

moving from satisfying to defending the old. Meanwhile, it can be confusing what op-

erators think and feel where the turning point is when we let go of the old (Tonnquist, 

2018). Right after that, we can go up to the fourth box, renewal and feel inspiration. All 

people take different lengths of time to get through the curve and it happens that there 

is a step back in the boxes (Tonnquist, 2018). 

 

 

 Measuring stops 

It is important to make measurements to find errors before it occurs. This can be done 

in three different ways, manually by production operators, extra personnel called in and 

automatic measurements. When measurements and documentation are made by mainte-

nance operators, it can often be experienced as an extra burden. Therefore, it is im-

portant to explain why they do it and in what way it can benefit their work (Ljungberg, 

1998). There are several different ways to perform this work where forms and logbooks 

are some methods. Automatic measurements can be made from, for example, sensors 

or cameras and provide detailed information (Ljungberg, 1998). Older machines may 

Figure 6, The four room of change (Tonnquist, 2018). 



Theoretical framework 

 19 

have automatic measurements which require production operators to enter fault codes 

manually. The risk with this is that small stops are at risk of being gathered under the 

same category, making it impossible to analyse these disturbances (Ljungberg, 1998; 

Nord et al., 1997). The disadvantage of automatic measurements in newer machines is 

that it can be very expensive and requires training in software and data management 

(Nord et al., 1997).  

 

OEE (Overall equipment effectiveness) are key figures that measure production effi-

ciency. In TPM, OEE is the main quantitative measure to see if the implementation has 

been a success. The measurement has the formula: OEE = Availability (A) x Perfor-

mance efficiency (P) x Rate of quality (Q) (Algabroun et al., 2020).  The formulas for 

calculating the respective factor are shown in Equation 1, Equation 2 and Equation 3. 

Equation 1, calculation of availability 

 

Equation 2, calculation of performance 

 
 

Equation 3, calculation of quality 

 
In the recent 25 years, benchmark values of OEE measures has shown an average of 

50–60% in empirical studies (Algabroun et al., 2020). It can be difficult to calculate the 

theoretical cycle time and sometimes it happens that performance is over 100% as the 

ideal cycle time is higher than the operating time. In that case, the company has to 

recalculate the intended cycle time to get the right result (Nord et al., 1997). In availa-

bility, there are two different losses, sporadic and chronic errors. Sporadic are errors 

that rarely occur but create long stops and are usually easy to repair to their original 

condition (Chan et al., 2005). However, the chronic errors are difficult to detect and 

require deep analyses to find the problems (Nord et al., 1997). Most often, there can be 

synergistic causes and occur every day. Comparing both sporadic and chronic errors 

over time, the chronic errors is significantly more expensive as it works consistently 

and create high costs (Nord et al., 1997). 

 Industry 4.0 

The term Industry 4.0 comes from the Hannover trade fair 2011 and refers to the fourth 

industrial revolution in the world that is taking place right now. In Figure 7, the timeline 

of Industry 4.0 is presented. The first industrial revolution started around 1780 with, for 

example, the steam engine in focus. About 100 years later, mass production and pro-

duction lines came with, for example, the T-ford. The third revolution came in 1969 

with the possibility of automatic systems and the ability to program them (Drath & 
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Horch, 2014). Industry 4.0 can be explained by having smart factories through auto-

matic machines and robots that produce and communicate with each other without hu-

man help. The basis of this is the Internet of Things (IoT) which enables communication 

and data storage via clouds (Ilanković et al., 2019). The goal of Industry 4.0 is to use 

digital technology throughout the manufacturing value chain. Everything from ma-

chines, facilities, suppliers and management, etc., must have a smart network that can 

quickly respond and act both internally and externally (Berawi, 2019).  

 

 

 

Industry 4.0 requires digital technology where systems must be intelligent, connected, 

and where humans and machines exchange information and documents (Monostori et 

al., 2016). As a result, the term digitalised maintenance, Smart maintenance and mainte-

nance 4.0 has been created (Algabroun et al., 2020; Johansson et al., 2019; Parviainen 

et al., 2017). Because the technology is constantly evolving and becoming more ad-

vanced for the machines, it is important that maintenance keeps pace and keeps up with 

developments (Algabroun et al., 2020; John Lee et al., 2019). In this study, the term 

digitalised maintenance is used, which can be defined as “a system that utilises digital 

technology as a way to conduct or assist in conducting maintenance” (Algabroun et al., 

2020). The term digitalisation can be referred to" the action or process of digitising " 

described from Parviainen et al. (2017) and claimed that the literature instead describes 

the term as" the changes associated with the application of digital technology in all 

aspects of human society ". Digitalisation is a trend right now  and researchers argue 

that decision-makers in manufacturers and government agencies agree that it is im-

portant to invest in future digitalisation and that it is a way forward (Bokrantz, 2019). 

 

There are great advantages to digitising where, above all, large costs can be cut. Just 

changing from paper and manual processes to software that collects data gives the com-

pany a better understanding of its processes and a more secure picture of the risks that 

can arise and cause large costs (John Lee et al., 2019). There are also difficulties in 

implementing digitalisation in the organisation where, above all, digital functions must 

support the business model in order to function. In today's machines, there is already a 

certain smart intelligence to have preventive and predictive data through sensors, me-

ters and calculation units (J. Lee et al., 2011).  Using this kind of tools, data can be 

analysed and predict errors in the equipment. 

 

Figure 7, The development of industrial revolutions (Drath & Horch, 2014) 
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3 Method and implementation 

This chapter explains how the study was conducted through a single case study and 

research methods. First is the research design explained followed by the literature study. 

Further on both focus groups are described and how it occurred. The ethical aspect is 

described at the end of the chapter followed by a discussion of trustworthiness.  

 Research design  

The research design refers to how the overall strategy for collecting data has been per-

formed and answered to the research questions (Yin, 2018). The purpose of the study 

is to be able to gain an increased understanding of how maintenance organisations can 

leave RM while being able to join the new trend of digitalisation.  

 

The study focuses mainly on qualitative data from interviews and interpretive analyses, 

while quantitative is more "hard" data and is about statistical analyses and figures 

(Davidson & Patel, 2011). A single-case study was chosen as the research method for 

this study as it allows the researcher to dive deep into special problems and get plenty 

of descriptions and understanding (Williamson, 2002). A single-case study is also good, 

suggest Davidson and Patel (2011), when reports want to study changes and a general-

isability can be discussed. In order to get plenty of information, a triangulation was 

made that studied different ways on the same issues from a qualitative and quantitative 

point of view (Yin, 2018). This was done through interviews, focus groups and docu-

ment studies in order to best adapt to the company's and Sweden's Covid-19 restrictions. 

The data collections at the case company were made in the first 20 weeks of the year 

2021. The applied working method is illustrated by Figure 8. 

 

 

Figure 8, Working method for the study 

The idea of this study is to be able to produce theories that can be used in reality. This 

has meant that the study has worked deductively to be able to relate theory and empir-

icism. This means that the study works on the basis that general principles and existing 

theory are produced, and conclusions are drawn about individual cases (Davidson & 

Patel, 2011). 

 Literature study 

A literature study is an important part of the research process and contains both facts to 

answer the research questions but also to give the author a better understanding in the 

field (Davidson & Patel, 2011; Williamson, 2002).With a literature study, Turner 

Planing (Purpose and research questions) 

Theoretical background (Literature study)

Empirical study (interviews, document studies and 
focus groups)

Analysis of literature study and empirical study
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(2018) reported that it helps to find the research how the current situation is, the gap 

between literature and reality and new perspectives to answer the research questions. 

The collection of literature was mainly through scientific articles and textbooks. Ac-

cording to Williamson (2002), it is important to include several different scientific 

sources to get a detailed view. The scientific articles were found through the databases 

Primo and Google Scholar to broaden the searches and retrieve the most relevant sci-

entific articles.  The database Emerald was also chosen as a more specific search tool 

in technology to define the number of articles. 

 

Davidson and Patel (2011) argued that it is important to keep order when searching and 

to keep notes. During the literature study, a mind map was created (see Figure 9) to 

more easily save keywords for the searches and be able to go back when needed. Just 

using a mind map creates a better picture of the searches and provides a simpler struc-

ture to enable to write it down in a report (Rowley, 2004). The centre of the mind map 

is "maintenance" with three branches "Industry 4.0, phases of maintenance, and TPM" 

to make it easier to distinguish all keywords and easier to connect to different searches. 

During the work, the author understood more and came up with new ideas. This is not 

uncommon according to Davidson and Patel (2011) as the first interview usually shapes 

the next through qualitative studies and thus creates new directions for the work. This 

meant that Figure 9 expanded the more interviews were made. The first search can be 

seen in Table 1 and was done in all three databases with different search words. The 

result was that the study received many hits, such as 311 at Emerald.  

 

 

Figure 9, Mind map, own illustration  

 
Table 1, First search terms for the  literature study 

Database Search terms Filters used Number of 

hits 

Emerald "Maintenance strategy" AND 

(new* OR approach) AND 

(resource*) 

From 2015,  
only Article 

362 
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Primo "Maintenance strategy" AND 

knowledge AND resource 

AND ability 

Peer-reviewed 

Journals Articles 

Years: 2018-2020 

Subject: Mainte-

nance 

English 

72 

Emerald  "Maintenance strategy" AND 

reactive AND firefight* 

 11 

Primo "Maintenance strategy" AND 

small AND ability NOT man-

agement* 

Peer-reviewed 

Journals Articles 

Years: 2015-2020 

Subject: Mainte-

nance, preventive 

maintenance 

English 

26 

 

 

 

For research question 3 there was less research and no theoretical framework for it ex-

isted. Therefore, the case company was compared with other pre studies and case 

studies from, for example, Bokrantz (2019) , Bokrantz et al.(2020), Al-Najjar et al. 

(2018) and Ylipää et al.(2017) have published research publications in recent years on 

the topic digitalised maintenance. 

 Case selection  

In order to be able to understand what factors to change towards more PM and increase 

the digitalisation of maintenance, a single case company was chosen. It was important 

that the company was in RM and strived to be more preventive. At the same time, it 

needed not to be too large, but a medium-sized company, to enable to observe the result 

relatively quickly. The choice ended up in a company within packaging solutions with 

three manufacturers in Sweden. In the case study, the company was chosen to enable to 

answer which factors make it possible to achieve more preventive maintenance and 

whether it is possible to digitalisation despite being in an RM state. The company has 

high demands to live up to customers' expectations through quality, time and flexibility. 

At the same time, competitors are threatening to take over parts of the market shares 

and in order to maintain the positions production must be at its top performance. It has 

been seen that PM is a way to increase availability and ensure efficient production. 

 Case study 

By using a case study, the study received in-depth knowledge and had a result to gen-

eralise for theory (Williamson, 2002). It started with having an introductory meeting 

with the case company and a presentation of the project. The author had previously 

been involved in projects and job credentials at the case company and had good 

knowledge of their processes and products.  

 

The data collection methods were interviews, document studies and focus groups to 

collect quantitative and qualitative data. It created a completeness of the current case 

study which gives a good overall picture (Davidson & Patel, 2011). 
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In Table 2, it is presented which data collection methods who were used for each re-

search questions. A literature study was also performed on the research questions in 

order to be able to compare the case company with other research reports. 

 

Table 2, Applied research methods for the specific research questions 

 
Interviews 

Document 
studies Literature review 

Focus 
group 

RQ1 X X X  

RQ2 X  X X 

RQ3 X  X X 

 

3.4.1 Interviews 

Interviews are used to get facts in general and specifically, and are suitable for case 

studies and qualitative research, according to Williamson (2002), which made it one of 

the selected methods in this study. There are several different forms of conducting in-

terviews as structured and unstructured. Although, Kallio et al. (2016) considered by 

using semi-structured interviews, the method creates flexibility and therefore was cho-

sen in the study.  

 

Davidson and Patel (2011), analysed that it is important to include two aspects in inter-

views, standardisation and structuring. In this study, it was chosen to have both low 

standardisation and structuring in order to make the interviewees have as much response 

space as possible. The questions were different depending on the interviewee and were 

asked in different order to find relevant and interesting facts (see Appendix 2 for inter-

views questions). However, the questions were prepared before, although there was a 

low standardisation, which gives a semi-structured degree of the interviews 

(Williamson, 2002). A summary of all interviews can be read in Appendix 1.  

 

The interviews were either face-to-face or video calls through Microsoft Teams or 

Zoom. The conversations were recorded in some times and always notes were made on 

paper and transcribed into text thereafter. The author was alone during interviews, 

which meant that questions and notes were made at the same time. No questions were 

sent before to prepare the interviewee, which Yin (2018) argued for creating better dis-

cussions. 

 

The interviewees were selected within the selected company based on their positions to 

get a balanced overall picture. It was important for the study to include everyone's per-

spective and opinions on preventive maintenance in order to be able to answer research 

questions.  

 

In Table 3, it is possible to see which interviews were done, positions, time and when 

they were performed, thus, subsequently in the study, the respondents will be denoted 

R1 to R6 according to the first column in the table. 

Table 3, Summary of interviews 

Respondent  Working area Time Date Other 

R1 Maintenance manager 0,5h 
3h 
1h 

20 Jan 
1 Feb 
24 Feb 

Video call  
Physical 
Physical 
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0,5h 
1h 

11 Mar 
29 Mar 

Video call 
Physical 

R2 Continuous Improvement 
-specialist 

0,5h 12 Feb Video call 

R3 Strategic Purchaser 1h 11 Mar Video call  

R4 Plant manager 1h 29 Mar Physical 

R5 Production manager 0,5h 31 Mar Video call 

R6 Machine operator 0,5h 8 Apr Video call 

 

3.4.2 Document studies 

The documents examined can be used for the questions to show true events and condi-

tions (Davidson & Patel, 2011). In this study, statistics and results from the company 

were demonstrated to prove causes in the analysis. The documents were produced by 

the company's staff and sent to the author upon request. The documents sent included 

routines, strategies, weekly newsletters and annual financial results in order to get an 

overall picture of the company. 

 

Davidson and Patel (2011) claimed that it is important to relate to source criticism when 

taking part in the documents and taking a position on the purpose for which it has been 

produced. The documents examined were all primary sources and were intended for the 

company to understand its own current situation. It is important not only to include the 

parts that support the result but also the opposite ones to get a real relationship 

(Davidson & Patel, 2011). A document study makes it possible to gain good insight 

into the documents that the company itself has produced (Williamson, 2002).  

3.4.3 Focus group 

In this report, two focus groups were held (see Table 4), one at the case company and 

the other at a manufacturing company. Both have RM approach and by having two 

different focus groups it was possible to see similarities and differences. 

 

Table 4, Summary of focus groups 

Focus group Roles Time Date Other 

F1 Maintenance operators 2h 
 

24 Feb Physical 

F 2  Maintenance manager, production 
controllers, students from Jönkö-
ping University, assistant professor 
from Jönköping University 

1h 22 Apr Video call 

 

Focus group 1 

On 24/2-2021, focus group 1 were conducted and number of participants was three 

respectively four due to covid-19 rules and included only staff from maintenance. Focus 

group can also be called focus group interview where the purpose is to provoke open 

discussions in a group. This is a qualitative method for creating a perception of the 

participants' opinions and attitudes (Saunder et al., 2016). Davidson and Patel (2011) 

argued that it is important that the group stays within the boundaries of the subject. As 
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a moderator for the focus group, it is also important not to lead the group towards certain 

opinions but to have an open climate and encourage discussion. 

 

The subject was preventive work and was guided by the author through a PowerPoint 

presentation. Before the start, it was clarified to have an open climate and that nothing 

is right or wrong. Theory, questions and discussions were interspersed, and many opin-

ions and ideas were presented. Meanwhile, the author wrote words of support on paper 

to transcribe to results in the report afterwards. 

 

Focus group 2 

The focus group 2 was conducted online via Microsoft Teams on 22/4-2021, together 

with a manufacturer from south Sweden. They have similar problems as the case com-

pany and the purpose of making this focus group was to see if there would be similar 

answers and discussions as with the focus group 1. In addition to the interviewer, eight 

participants participated, including the subject professor from Jönköping University, 

two students from Jönköping University, maintenance manager and four production 

managers for the company. In total, it took an hour and included good discussions and 

many thoughts. The moderator initially presented the purpose and that everything that 

was said would be confidential. The presence of an assistant professor maybe created 

inconvenience among the other members and stifle discussions, but it should be men-

tioned that the assistant professor stayed in the background and only considered the 

discussions. Also, the two students who worked with a thesis with the company at the 

same time did not discussed anything.  

 Trustworthiness 

Because the study is qualitative, the concept trustworthiness by Aastrup and 

Halldorsson (2003) have been chosen as it is more adapted to qualitative regarding ac-

cepted validity / reliability.   According to McGloin (2008) another case study approach 

is trustworthiness that includes the established concepts. This method was suitable for 

this study and it consist of four criteria 

 

Credibility: 

Credibility is the first criterion and is seen as the most important when the research 

result is compared with reality to see the truth content in the result (Aastrup & 

Halldorsson, 2003). Through a triangulation with interviews and document study, the 

study was able to gather information for the research questions. An important aspect is 

that the interviewer is trained to gain increased reliability, according to Davidson & 

Patel (2011), where it is considered that the author has done several interviews before 

during university education and was familiar with the subject. Accurate notes were 

made and transcribed into text to be revisited and analysed. A second focus group was 

also done on another company to be able to compare the truth content of the result and 

the theory. 

 

Transferability: 

In the second criterion, the question is asked to what extent the study is generalisable 

and can be applied in other occasions and contexts (Aastrup & Halldorsson, 2003). The 

study has been described in detail with context, places and methods to be replicated at 

another time. An openness and transparency have been important when the report writ-

ing has been carried out in order to be able to inform and reason with the reader. This 
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is important according to Guba and Lincoln (1989) for the reader to be able to determine 

whether it is generalisable and can be transferred to its own context. 

 

Dependability: 

The third criterion is dependability and can be compared with reliability (Aastrup & 

Halldorsson, 2003). Are the results of the study consistent and repeatable are questions 

that must be addressed (Aastrup & Halldorsson, 2003). At the same time, it is important 

to verify whether the raw data collected is consistent with the result (Guba & Lincoln, 

1989). In this study, all data from collection and notes from interviews have been saved 

to be able to compare when needed. There are also recordings from certain interviews 

where it was approved that it was carried out. 

 

Confirmability: 

The last criterion, confirmability, questions the neutrality of the results of the research 

study (Aastrup & Halldorsson, 2003). It is important that all results are based on the 

answers from the method and not own prejudices or personal motives from the re-

searcher (Aastrup & Halldorsson, 2003). There are risks with neutrality as the re-

searcher has been familiar with the company before and in this way may have created 

subjective opinions from other projects. By having literature from other authors, the 

risk of having subjective thoughts and opinions is reduced, which makes the study con-

firmable. Discussions with researchers were also held to reduce prejudice in the re-

search. According to Davidson and Patel (2011), it is important for a researcher to eval-

uate oneself and check notes to reflect on whether everything went as planned. 

 Research ethics 

 

The ethical problems are inevitable and an important part to consider before the project 

starts (Williamson, 2002). According to Davidson and Patel (2011), there are four eth-

ical rules created by the Swedish Research Council and they are: 

 Information requirements where the author must inform about the current pur-
pose of the study. It must also be clear how the results of the study will be pub-
lished 

 The consent requirement where the participant may decide upon their participa-
tion 

 The confidentiality requirement where the participant's information must be 
kept confidential and not be able to have access from unauthorised persons. 

 The utilisation requirement where the collection of data from individuals may 
only be used for research purposes. This means, for example, that collected data 
may not be used in commercial use 

 

From the case company, the study was approved by the management after presenting 

the purpose. All interviews have been voluntary, and the interviewee has been able to 

choose not to answer all questions. At each interview and focus group, the purpose of 

the study was informed. At the same time, all answers and information have been kept 

confidential and, in the report, only the job titles have been described. The companies' 

names and figures have also been hidden and examined by the company for later ap-

proval. This report has been published on DIVA, which everyone has access to and can 

take part in the future to get ideas and thoughts for further studies. However, all confi-

dential data has been deleted and replaced to comply with the requirements. 
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4 Findings 

Based on the three research questions, a case study has been conducted in order to an-

swer them. The beginning of the chapter described the literature study, divided in three 

sections of each research questions field. Further on the case study is described and last 

the second focus group from another manufacturer.  

 Factors why manufacturers still remain in RM 

It is common that manufacturers have RM but do not know the reason why. At the same 

time, production and maintenance can have short-term goals and wanting good results 

immediately, which means that the long-term thinking gets lost. Something that Smith 

and Hinchcliffe (2003), assessed as a danger is how the suppliers of machines, for ex-

ample, give recommendations on how care and maintenance should be handled. Prob-

ably, few resources have been invested in describing how the prevention should take 

place and be cost-effective for the customer. The lack of PM is considered to be the 

most important problem in maintenance (Hagberg & Henriksson, 2018). When there is 

an interruption, the reactive work gets a lot of focus and leading to a higher cost for the 

company. It is also common for RM to be the result of temporary arrangements (Smith 

& Hinchcliffe, 2003). In a company, there can often be more repair workers who have 

to react using RM and do not have time to prevent and improve maintenance (Smith & 

Hinchcliffe, 2003).  

 

A major cost in the maintenance budget is usually the stocking of spare parts and con-

sumables. Although, to reduce the time for stationary machines in the event of an emer-

gency stop, spare parts are needed on site for a quick repair and restore operation. It is 

not only the cost of the spare part and the fixed capital that is included in the expenses 

of maintenance work. Also, inventory management, administration and costs for mate-

rials that are missing are included in the total maintenance cost. All spare parts that are 

in stock must be documented with what is available, quantity and the condition. 

(Hagberg & Henriksson, 2018) 

 

Algabroun et al.(2020), discussed that there are several common problems that prevent 

manufacturers from moving on to PM. Among other things, manufacturers get caught 

up in firefighting and have low OEE results for several years in a row. Availability 

becomes continuously low all the time and new errors are constantly created that pre-

vent manufacturers from advancing towards a more proactive condition. Algabroun et 

al.(2020), mentioned in their study that engineering methods are not implemented, in-

formation from maintenance is lacking and maintenance in general has a low status in 

such organisations. Engineering methods can, for example, be RCM or TPM. In today's 

technology, data is constantly collected that needs to be analysed and selected to get  

relevant information. Algabroun et al.(2020) mentioned that the size of the company 

matters as the technology that collects information can be complex for small and me-

dium-sized manufacturers. Not everyone has the knowledge and the opportunity to uti-

lise information that can make manufacturers take the next step in their development. 

 Studies of how to reach PM 

There are several factors that can make it possible to reach higher levels of PM. 

Algabroun et al. (2020), described that there are several problems that make manufac-

turers end up in RM. Among other things, it is mentioned that it is essential to show the 
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importance of maintenance visually with technical data. For example, by using clear 

graphs of how much RM versus PM has been made in recent months. Using more dig-

italisation is also important and can detect deviations in time and lead to better OEE 

results due to more efficient maintenance measures (Algabroun et al., 2020). According 

to Gerald et al. (1995), 99% of the errors have been preceded by signs or indications, 

which may emerge weeks or months in advance. So, if there are good digital tools along 

with good knowledge, manufacturers could prevent ending up in emergency situations. 

 

The financial part needs to be visualised through savings of time that are made in more 

preventive work and thus provides more motivation to continue to improve. When it 

comes to motivation, studies have shown that if staff are committed the cause of what 

they do in the company, it is much easier to make changes (Oreg et al., 2011). Van Dam 

(2005) described that satisfaction for operators is an important point for being able to 

get higher motivation and accept changes. However, in order to get a higher motivation, 

it can be difficult from the management's side to know how to communicate (Choi, 

2011). According to Hayes (2014), it is easier to get the staff involved if the team lead-

ers show scholastic arguments and technical evidence so an opinion of the staff can be 

created. Hagberg and Henriksson ( 2018), reported that by giving the maintenance and 

production operator knowledge and understanding, the commitment will increase ac-

cordingly, even if there may be maintenance and production operators who will soon 

retire and have no motivation at all. Kanfer and Ackerman (2004), concludes that age 

versus motivation has a correlation where increasing age creates lower motivation. In a 

case study with implementing TPM in a company, from Chan et al.(2005), showed that 

many in the production did not accept the concept because they felt that the company 

placed a higher workload on them. This reduces motivation and creates negativity 

around the changes. 

 

Another element to reach PM is to have a maintenance strategy that show which direc-

tions the manufacturer should strive for. Through strategies, a current situation and goal 

in order for the entire organisation are presented. Although in the context of mainte-

nance, there are usually some shortcomings in the objectives. Studies, both from 

Rastegari (2015) and  Salonen & Bengtsson (2011), showed that many manufacturers 

have major shortcomings in their maintenance strategies, which creates difficulties in 

developing the maintenance work towards the goals of production strategies. A study, 

by Jonsson (1997), showed that only 48% of manufacturers have a written strategy for 

maintenance and for smaller manufacturers, the percentage is even lower. One of the 

reasons for the lower figures could be because of their negative approach to mainte-

nance. Some manufacturers still see maintenance as a cost driving necessity rather than 

a competitive resource. These circumstances often make it difficult for maintenance 

departments to receive proper resources for maintenance (Jonsson, 1997). In total, the 

lack of resources, knowledge, and proper orientation creates a gap in developing suita-

ble maintenance strategy (Salonen & Bengtsson, 2011). Hagberg and Henriksson ( 

2018) presented that a company needs to implement and operationalise a strategy 

achieves a cost-effective maintenance. Factors such as participation, commitment, com-

petence development, and long-term perspective are crucial for maintaining a high qual-

ity maintenance work, according to Hagberg and Henriksson ( 2018). 

 

It is not only the maintenance team who needs to be involved but also the management. 

Hagberg and Henriksson ( 2018) continued to describe that all parts of the organisation 

are crucial and must be involved with their skills in order to succeed in achieving the 
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set goals. Hayes (2014) argued that this usually fails when management fail to see the 

holistic perspective but focuses on individual events. In a study from Patterson et 

al.(1995), project members cannot implement working methods unless the entire organ-

isation is willing to change. It is important that everyone from maintenance operator to 

management are completely willing to change into the new ways. 

 Maintenance digitalisation  

New technologies have created new paths for production, which has led many countries 

to take different paths. In Germany, the focus is on smart factories in line with Industry 

4.0 and how small/ medium-sized manufacturers how, in particular, can emerge strong 

from this (O’Sullivan, 2016). In Japan, IoT and automation salaries is the focus to in-

crease the production. They are looking for ways to improve the use of robots and be-

come the best in the world through major investments in research (O’Sullivan, 2016). 

In the USA, the focus is more on digital manufacturing and how to take part in all data 

and be able to get advanced analyses and intelligent machines (O’Sullivan, 2016). Stud-

ies have been made of how Industry 4.0 looks like in Sweden and there are several 

interesting observations. Pilot studies towards Industry 4.0 are positive, but there are 

not really any projects or technologies at the moment (Sundberg et al., 2019). For the 

entire industrial sector, a large part has not implemented any of the Industry 4.0 con-

cepts at all. Sweden has invested large sums in recent years to increase digitalisation of 

the production, which may in the future lead to a better digitalised industry (Sundberg 

et al., 2019). To transform into a more digitalised manufacturer, it is necessary that 

strategies, working methods and the business models adapted more on digitalised forms 

(Johansson et al., 2019). In a survey with 4800 manufacturers, the majority were posi-

tive and considered implementing an increased degree of digitalisation within a few 

years (Parviainen et al., 2017). Although, many manufacturers failed because organisa-

tions did not change their way of thinking or had a culture where changes were not 

promoted. Above all, it was seen that the lack of prioritisation of digitalisation was low, 

the uncertainty for information technology-security and the technical competence was 

far too low (Parviainen et al., 2017). As the knowledge is relatively new in the field, 

Johansson et al. (2019) described that collaborating with research institutes increase the 

chances of gaining access to better digitalisation that will increase innovation and com-

petitiveness.  

 

The term “digitalisation” has been around for about ten years, but there are still many 

different definitions and there is a great confusion between similar concepts and Indus-

try 4.0 (Culot et al., 2020). For example, smart manufacturing and digital transfor-

mation which are similar concepts, have created confusion and interconnection (Culot 

et al., 2020). The Industrial development within digitalisation have only just begun, and 

a few models and technologies have been developed right now. No matter what it may 

be called it will take two to three more decades until it fully developed, and all the 

benefits have been achieved according to Klingenberg and Junior (2017). Both Industry 

4.0 and digitalisation are terms for industries to improve their results. Already at the 

time of the third revolution, the term digitalisation began to emerge and has until now 

enabled a philosophy and technology behind industrial change. While for Industry 4.0, 

the term was created in 2011 by the German government where other governments have 

adopted the digital strategies from Industry 4.0 but not used the term directly (John Lee 

et al., 2019). Through Industry 4.0 and digitalisation, maintenance can use sensors that 

provide predictable and cognitive analyses. The approach also provides an augmented 

reality that can help maintenance workers to find problems proactively (Ilanković et al., 
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2019). Repairment and inspection are the most important keys for maintenance to work 

and at the same time have a short response time (Fusko et al., 2018). With today's de-

velopment of technology, manufacturers can get a richness of information from the ma-

chines and it is growing exponentially. This can be considered a problem as it can be 

difficult to find the important information from all other data (Fusko et al., 2018). 

 

Fusko et al. (2018) claimed that the information technology and machines in an Industry 

4.0 are sophisticated. Although, many factories are not ready to be transformed into a 

smart factory and intelligent maintenance. In worst case, it can get manufacturers bank-

rupt through the investments that must be made (Fusko et al., 2018). There are three 

triggers for a company to evaluate if they are ready or not:  

 Being able to collect contemporary data  
 Know the inaccuracies of data collection (if you collect incorrect data, you will 

make incorrect decisions)  
 Objectification, prediction and updating of information 

 

PM have the goal to reduce downtime, costs and achieve zero percent errors. This is 

done through monitoring and predictions of when errors may occur. In reality, it is very 

difficult to achieve PM without being able to handle all the amount of information that 

one has to process (Li et al., 2016). RM reacts to when something goes wrong and PdM 

anticipates and minimises the frequencies of error, better product quality and reduced 

production costs. It creates a sustain the inherent reliability of an equipment and there-

fore it is important according to Algabroun et al. (2020) that manufacturers have a PdM 

to succeed with digitalised maintenance. Algabroun et al. (2020) have identified that 

there is a lack of studies that show how maintenance operators interact with Industry 

4.0 ideas and digitalisation. Table 5 described the different criteria for Industry 4.0 from 

a study by Al-Najjar et al. (2018). In point 11 digitalisation, the criteria are to be able 

to easily integrate and simplify maintenance through automatic production (Al-Najjar 

et al., 2018). Table 5 shows that it is difficult to have this criterion in an RM approach 

and it is starting to become easier to have when arriving at a CBM approach. 

Table 5, Maintenance techniques with respect to the features of maintenance 4.0, based on (Al-

Najjar et al., 2018) 

No. Industry 4.0 criterias RM TBM CBM TPM 

1 Real-time communication None  Low  Middle  Middle 

2 Decentralisation High  High High High 

3 Damage detection None None Middle None  

4 Automations None Low Middle Low 

5 Real-time data presentation None  None  Low None  

6 Intelligence None  None  Middle None 

7 Cost effective low Middle  High Middle 

8 Scalable High Low High Low 

9 Monitoring production process None  None  Low None 

10 Accurate decisions None  Low High Middle 

11 Digitalisation Low Middle High Middle 

12 Production Key Performance Indica-
tor (KPI) consideration 

None  Low Low Low 
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The most interesting thing is that digitalisation is according to Algabroun et al. (2020) 

very low in an RM but increases rapidly at PM and onwards. Algabroun et al. (2020) 

have also listed maintenance techniques for Industry 4.0 that must exist to follow digi-

talisation ideas: 

 Ability to detect the occurrence of the emerging faults at an early stage and have 
follow-up so that it does not happen again 

 Always present real-time data and have availability updated to be able to con-
figure and reschedule when needed 

 Ability to repair in short time by having systems that help maintenance person-
nel to carry out the work with high quality, and in a reliable procedure 

 Planning capacity Maintenance scheduling where it is carried out at the most 
profitable time and at the same time synchronises with production planning 

 

By having a more digitalised maintenance, it can support reducing costs and increase 

discovering errors in the machines that manufacturers may not have seen before. At the 

same time, there are risk of invest in expensive data systems. Therefore, it is important 

that the design of the systems is adapted to the company and its culture to make the best 

use (Simões et al., 2011). Johansson et al. (2019) claimed that a disadvantage that can 

prevent the development of digitalisation is that the right knowledge within the organi-

sation does not exist. A positive advantage of sharing data with other manufacturers is 

that there can be different ways of collecting data and analysing it. This means that 

manufacturers can look at the information differently and be able to discover important 

findings together. Another advantage is collecting information digitally means that sub-

jective opinions disappear, which can happen when it is done manually by a production 

operator (Johansson et al., 2019). A disadvantage, however, is that it requires a lot of 

handling with the large amount of data that is produced and that can be a big problem 

for manufacturers to convert into relevant information (Algabroun et al., 2020).  

 

 Empirical findings at the case company  

The goal of the empirical collection at the case company is to be able to support an-

swering all three research questions. It begins with a brief description of the case com-

pany followed by the empirical result. At the case company, the latest information is 

collected to see similarities and differences from the literature study. The results can be 

described below in the chapter and are analysed in chapter 5. 

 

The company has operated with RM since the 1990s and use firefighting to keep pro-

duction going. Recently, the costs and consequences of this have been realised, which 

means that they want to strive for PM reports the R1. They simply want a cultural 

change in the whole company from the production operators on the floor to the man-

agement. At the same time, the world is moving towards a more digitalised world and 

the company risks falling behind. This means that they must also look into digital solu-

tions, which can be difficult to know how to do. 

The biggest problem is the old culture of RM and the negative mind to changes - R4 

4.4.1 The machine: Machine 1 

The studied machine Machine 1, as it is called in the company, has been in the factory 

since the 1980s. It has been constantly upgraded to be able to continue producing. Spare 

parts and new components are still available from the machine supplier, which also 

means that production operators can continue to run the machine. Although usually 
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when there are mechanical problems, the company normally repair it by their own and 

expertise describe R1. 

 

Machine 1 has sensors and it will eventually be more in the future according to R1. The 

brand is from technology supplier A, and the company also purchases services from 

technology supplier A where the data collected is presented based on the company's 

requirements. Data such as how the machine works, history and maintenance needs are 

some of the information that is obtained from technology supplier A.  

We buy the service from technology supplier A to collect data from Machine 1 as it is 

too expensive for us- R1 

 

From Table 6, it can be calculated that approximately 45% of the production time was 

lost in 2020 on Machine 1 through the three losses described in Figure 10. The largest 

part is the unplanned stop time (60%) which includes, among other things, lack of ma-

terials and RM.  

 
Table 6, Machine facts year 2020 from document study 

 

Total available time 3 204h 

Unplanned stop time 1 055h 

Planned stop time 287h 

Set up time 422h 

Actual run time 1 441h 

Total square meter produced 19 965 305 m² 

 

 

 

Figure 10, Visualisation of the different wastes of data from table 6 
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4.4.2 Current Maintenance Procedures 

From Table 7, it can be deduced that the reactive percentage will be 63% (Acute + 

corrective / total). The preventive work has a minimal cost and is the replacement of 

paint pumps and parts for cylinders. The total cost of maintenance for the factory are 

100 % of which 61% ( 54 +7) are emergency costs. 

 

There are no calculated cycle times from Machine 1 because the products have different 

size - R2 

 
Table 7, costs for maintenance on Machine 1 year 2020 

PM 12: Preventive   3% 

PM 14, 20, 60 Planned maintenances (renovation and spare parts) 36% 

PM 11: Corrective  54% 

PM13, 70: Acute 7% 

Total 100 % 

 

According to the company's own calculations, shown in Figure 11, they have very good 

results regarding PM. There are barely any urgent maintenance conditions for the entire 

factory. These figures and data are presented in Excel sheets every week for the section 

of management, production, quality and maintenance. According to R4, a lot of untruths 

are shown in these in front of higher management and create an incorrect image, which 

means that strategies to be able to reach PM are not prioritised. In the interview with 

R6, it is admitted that maintenance has improved in recent years, but that they are still 

very acute errands. Another reason in Figure 11 that planned have nearly 100% is be-

cause they count on corrective maintenance as planned maintenance as they have dis-

covered damage and can plan future maintenance. 

 

When errors occur in the Machine 1, the case company has routines to follow. There 

are documents on how the contact between maintenance and production should take 

place at downtime. In the event of any faults, it is analysed what needs for spare parts 

and whether they need specialist help from outside the company. 

96,7%

3,3%

Planned Acute

 Figure 11, Distribution between preventive- and acute maintenance on the whole 

plant, year 2020 
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Daily activities can look very different. There are no daily routines and protocols to 

follow. This could be, for example, lubricating machines or repair major faults that have 

occurred. If a major error is found, there are no routines or protocols to follow. They 

are repaired directly or postponed until the next maintenance period. There are no post-

follow-ups or reviews afterwards about faults that may have caused the damage accord-

ing to R1 and R3, but the focus is on correcting errors that have occurred. An interesting 

point that R6 expressed was that there are no production operators who can recognise 

errors via sound because the skills do not exist. 

 

Today, Machine 1 has access to a specially adapted computer program where produc-

tion operators monitor and see what needs to be maintained and cleaned. Production 

operators can check off and see instructions for each point. In this computer program, 

work has also begun on introducing instructions for production operators through pic-

tures and instructions according to R5. R4 believed that it is important to include pro-

duction in the development work. This can be seen as the beginning of the step towards 

PM and at the same time R4 pointed out that a cultural change needs to be made to be 

able to continue the development. 

4.4.3 Current process of preventive maintenance  

The case company have CBM divided into two days every week reported R1. On Tues-

days between 06.00-10.00, a PM stop is made where mainly data collection and mainte-

nance operators are carried out. Then on Thursday, production is stopped between 07:15 

- around 12.00 where points from the PM stop are implemented in priority. In the mean-

time, the operators carry out easier maintenance and are available to clean and help 

when needed. There is also a PM board on each machine that tells the operators when 

the next preventive activity will take place. If production detects faults and needs 

maintenance, a work order must be sent and maintenance must, according to written 

documents, be given two days to prepare with tools and spare parts.  

 

There is some operator maintenance for example in the form of changing belts without 

any direct training according to R6. Although, according to focus group 1, hardly any-

thing happens and turns to maintenance at the slightest shortage of equipment. Alt-

hough, R6 was unsure how increased operator maintenance should work to get more 

PM. They do not want to "take over" the job from the maintenance operators and simply 

replace them. At the same time, it was pointed out that they are too few in number 

already and their task is to perform maintenance. 

 

If the PM exceeds the timed schedule, the production management must approve to that 

the maintenance operators continue to work or alternatively that they must continue at 

another time. However, it still counts as planned maintenance in the time schedule. The 

focus groups argue that they do not have time to plan for the PM stop and want more 

time for planning. In parallel, maintenance operator also does not have time to do any 

preventive checks during the time when there is a lot to do. During discussion in the 

focus group, the question was asked what preventive work means for oneself. Both 

groups answered without knowing each other's answers very similar and can summarise 

into: PM is to prevent faults that can occur by replacing parts – focus group 1. At the 

same time, it was considered from the focus group 1 that there was not so much PM in 

the case company at the moment. On the other hand, some of the maintenance operators 

pointed out that the maintenance has improved in the last 1-2 years.  
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It was also revealed that, for example, when new equipment was obtained, the supplier 

usually did an information meeting of how it was built and maintenance information. 

After that, the equipment was handed over to the maintenance operators, but they still 

did not feel that they had the required knowledge. During the focus groups, operators 

expressed that more training and help was needed to increase understanding and thereby 

become better at prevention work. At the same time, some experienced that the lan-

guage deficiencies created problems as usually everything was in English and hardly 

anything was in Swedish. It even happened that it was only in German. 

 

The company has business systems SAP SE (Systems Application Products Societas 

Europaea) to check, for example, data for maintenance Something that was discussed 

in focus group 1 when questions about digital tools, working instructions and reports 

were raised, was how non-user-friendly SAP-system was for maintenance work. None 

of the workers have any training in SAP-system and feel high uncertainty about using 

it. It is simply too difficult to use it explains R1, R3 and the focus group, which makes 

them to ignore the digital tool. They had an old program named Tekla, now called 

Maintmaster, which was removed in favour of SAP-system. Many of the representa-

tives in the focus groups believed that an investment in Maintmaster would help them 

to be able to start with the basics of PM. R1 criticise that the system is not adapted for 

maintenance but for the more economical part. It is difficult to work and difficult to get 

numbers according to R1 and the focus groups. There are not many employees in the 

case company who have the training for SAP-system and can handle the system. Other 

systems have been wanted that are considered to work better but have been rejected by 

the management. Some of the problems for SAP-system is that it is outdated and for 

example the tabs are called M23 and M1 instead of "order management", which creates 

great confusion according to R3. 

There is no official SAP-system training, and you learn from each other -R3 

 

R4 has a different opinion regarding SAP-system and believed that the willingness not 

to learn is an important factor. If the case company had another program, it would still 

look like it does according to R4. When the focus group discussed OEE, both groups 

immediately said that it is not to be trusted. They claimed, for example, when an oper-

ator has repaired something in half an hour, production staff could have a half-hour 

coffee and then report that maintenance operators has been working on for an hour in 

total. 

 

The question of being able to have a more digital environment in maintenance was 

asked to all interviews and the answer became quite ambiguous. Most of the interview-

ees did not really know what was included in the expression and therefore answered 

that they did not know. Although, R4, which is generally responsible for the entire fac-

tory, replied that it is not there yet within the case company and focuses on getting out 

of RM right now.  

 

4.4.4 Strategy 

There is a maintenance strategy approved by management that reads “Safe maintenance 

work with the ability to anticipate the effects of the unexpected”. The strategy is written 

by R1 together with the production director and was presented in a meeting in the spring 

of 2020. It has four focus areas: “a good workplace, efficient and flexible maintenance 
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service, ensuring the right skills and developed leadership”. To be able to achieve these 

goals, there is competence training, increasing employee engagement, using digital 

tools and increasing PM as some of the points for achieving success. There is no agree-

ment between production and maintenance regarding requirements and performance. 

In due course, the maintenance department will also have its own budget to stick to 

each month. Right now, there are no numbers to relate to and compare to see if it goes 

well or not. 

4.4.5  OEE result  

R2 demonstrated that the factory does not count in theoretical cycle times but in square 

meters, which makes the OEE numbers a little different. This means that if the machine 

runs sheets that are very wide, the performance will be higher than if the machine run 

orders where the entire web width is not taken up and the square meters are reduced. 

This is why performance can be 130% one week and 60% next week. The average for 

Machine 1 is 107,5% according to Table 8. The availability is 43,2% and a major factor 

is that lack of materials. Almost 25% was due to lack of materials where the machine 

had to stand still and wait due to machines before failing to produce. 

 
Table 8, OEE result on Machine 1 2020 

Availability Performance Quality OEE 

43,2 107,5 97,9 45,5 

 

There is an explanation why performance is over 100%. In the company, performance 

is shown in Equation 4 and Equation 5. For example, if produced volume is 10 000m² 

and driving time is 100h, the machine speed will be 100 m² /h. Then put in machine 

speed in equation 6 and the reference speed is 80 m² /h. The performance will there-

fore be 125% because the produced volume was so big.  

 

 

 Focus group 2- Another manufacturer still left in RM 

A second focus group was made within another company with similar problems with 

constantly working with RM. The company currently has no written maintenance strat-

egy. There is a higher focus on the whole of the factory rather than maintenance that 

only should help and have a faultless process. They have the problem that operators 

work with a lot of firefighting and that it is constantly filled with errors that must be 

Equation 4, calculation of the case company machine speed 

Equation 5, calculation of the case company performance 
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fixed. At the same time, they have a problem with maintenance operators barely having 

time to repair before they have to repair the next machine. It is simply too many urgent 

matters that arise. Even after the equipment has been repaired, there is no reporting and 

documentation. It is believed that there is no real time for them, and they have a lot of 

other things to do. A list is made every year in November with time intervals to change 

parts of the equipment. This allows operators to plan and see for the whole year and 

based on that they plan in the preventive maintenance. There is also a project currently 

underway to improve operator maintenance. A list of activities has been created that it 

is believed that machine operators can perform and thus create more space to allow 

maintenance operators to focus on PM. The cooperation between production and 

maintenance is considered good. There is no direct strategy or agreement between the 

departments. The mindset is that maintenance should help the production keep the pro-

cesses running through service and maintenance 

 

During the discussions, a problem was raised with the fact that they a have "old" culture 

and in this way, it is difficult to change. This has meant that new implementations have 

been sluggish and counteracted by staff. 

 

Their digital tool Maintmaster is thought to work perfectly well, but there are some 

shortcomings according to focus group 2. One limitation is to plan the maintenance and 

the focus group 2 want new versions with upgrades of Maintmaster. They want to be 

able to submit plans digitally, which are now done by hand, and be able to see what as 

a whole. It was also pointed out that there is no training within the company for how to 

control Maintmaster. There has never been a direct course, but the staff has solved it by 

checking on, for example, YouTube, to learn. 

 

In the matter of digitalisation and Industry 4.0, some thought has been given to them. 

There are several factories in Sweden, and the focus group 2 argument that they can 

develop increased digitalisation then other factories in the same the organisation. Dur-

ing the discussion, several interesting proposals were made based on an increased de-

gree of digitalisation. One example is that they wanted to buy tablets to increase digi-

talisation in the factory. By using tablets, one has thoughts of being able to place the 

camera against the machines and be able to see on the tablet the various parts in more 

detail and produce descriptions. This has not finished according to the focus group as 

the board of the company has not seen the value in this and that they need to focus on 

other factories before they can make an attempt. 
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5 Analysis 

In this chapter, all data gathering from findings are compared with theoretical frame-

work. First is research question 1 analysed with 5 causes. Thereafter research question 

2 is described with seven elements to leave RM followed by research question 3 that 

found elements for a RM manufacturer to reach an increased digitalisation.  

 Causes why manufacturer have RM 

The first research question was the reason why manufacturers have RM. Based on the 

case company and the literature study, five causes have been found and are described 

in following chapters.  

5.1.1 Cause 1, Lack of Strategy 

As Jonsson (1997) study showed, there are many manufacturers that do not have a writ-

ten strategy for maintenance. From the studies from Rastegari (2015) and Salonen & 

Bengtsson, (2011), it turned out that not having a written maintenance strategy compli-

cates the development work towards better maintenance. At the same time, Hagberg 

and Henriksson (2018) claimed that a maintenance strategy is needed to achieve cost-

effective maintenance. Also, according to Abdelhadi and Khreis (2016), the mainte-

nance strategy needs to be included in the entire company's business plan to maintain a 

high level of efficiency, which does not exist for case company right now. Zlatic (2019) 

further argued that also through TPM's framework, the operators work towards better 

maintenance, but also the management must support through, for example, a mainte-

nance strategy. A strategy does not say which activities are to be completed, at the same 

time a direction in which the organisation wants to be long-term. For the case company 

the main goal of the strategy is to increase commitment and have more PM. At the same 

time, Salonen and Bengtsson (2011) found the fact that knowledge, resources and focus 

affected the gap in order to be able to develop a sensible strategy.  

 

In the case company, they have a written strategy made by R1 and the production di-

rector that is approved by the management. According to R1, the preventive work must 

be at least 50% in the factory before 2022, which can be considered a relatively short-

term goal. Smith and Hinchcliffe (2003) found this short-term thinking as a major dis-

advantage as long-term thinking disappears and it becomes difficult to change mainte-

nance. Regarding the case company, only Machine 1 has 1,085,698 SEK in 2020 in 

maintenance costs where the majority of the costs that can be analysed are acute. In the 

case company, the total sum of maintenance cost is 21,441,575 SEK and 66 % of that 

is RM. Also, Chan et al. (2005) showed that 33% of the total cost in maintenance is 

actually completely wasted. It is also interesting to look at case company´s management 

and how they are given with incorrect numbers according to R4. These are two com-

pletely different pictures when the study asked the management versus the operators on 

the floor. An example is Figure 11 which indicates that almost all work is planned. At 

the manufacturer on focus group 2, they also have no maintenance strategy at the mo-

ment. The mindset is to help production and get the machines progressing. This creates 

great risks for the manufacturers because they are not willing to change and continue 

with the maintenance work as it is right now. 
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5.1.2 Cause 2, Lack of motivation   

Based on their maintenance strategy, the case company wants to increase the commit-

ment among their staff. Nord et al. (1997) described it as TPM being a philosophy 

through the employees' commitment. The base for having a good maintenance work is 

to have training and motivate the maintenance staff according to Nord et al. (1997). 

Hayes, (2014) pointed out that it is very important what people with responsibility say 

to get commitment. In the case company, mainly the maintenance operators think that 

SAP-system is not capable to work with maintenance. The interesting thing is that R4 

believed that it would not matter what program they would have, although they would 

remain in the same situation anyway. What R4 considers to be a position is to make a 

cultural change.  

 

Looking into the case company, a comparation with Figure 6 from Tonnquist (2018) 

can be made and the result is that many operators are still left in box 1, satisfaction. 

According to the Figure 6, things are going well and there is a lack of motivation to go 

further when things already work, make more effort when operators work. The same 

applies for focus group 2, where it is believed that there is old culture that makes 

changes difficult and lower motivation even more.  

 

An interesting part of the case company is that there are several maintenance operators 

who soon will retire. Kanfer and Ackerman (2004) have shown in their studies that 

there is a correlation between age and motivation, which can be proven from the inter-

views that the author had with employees from the case company. This can be a problem 

that makes it difficult to develop towards more PM. 

5.1.3 Cause 3, No knowledge and education  

It is important that everyone understands maintenance and its importance according to 

Ahuja and Khamba (2008) in order for it to be successful to achieve benefits like re-

duced costs and repair time. According to Nord et al. (1997), good maintenance is 

highly based on all staff and management receiving training and learning the new 

knowledge. It is the basis for increasing understanding but also commitment. According 

to a survey from Simões et al. (2011) there are 49 models of how maintenance can be 

performed and improved. It can be difficult to know which one to use and how to start.  

Right now, the company have been working reactively for a long time without updating 

the knowledge. There has been no direct education on maintenance. Also, according to 

the maintenance operators at the case company they have not gained accurate 

knowledge of SAP-system. They are uncertainty and choose not to use the SAP-system 

because it is too complicated. 

 

When new acquisitions of machines took place, the operators were given an hour-long 

review and then left alone. Then they had to learn for themselves and sometimes felt 

that they did not have the knowledge to do a good job. Focus group 2 had a similar 

situation, although it is about their computer system Maintmaster where lessons come 

from YouTube. Still, the case company is so good at repairing the mechanical problems 

to 99% according to R1, which can make operators learn while they are repairing and 

thus train themselves. 
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5.1.4 Cause 4, Calculation error  

By reporting manually, production operators feels that is an extra much to do  and there-

fore it is important to explain why they report according to Ljungberg (1998). Although,  

Nord et al. (1997) described that report manually creates risks in entering wrong codes 

and creating an incorrect image. A company that has RM usually has low OEE numbers 

according to Algabroun et al. (2020) which can be difficult to compare in this study as 

the numbers are incorrectly calculated. Regarding the company's OEE measurements, 

it is very different from the theory of Algabroun et al. (2020). In some months, the case 

company have over 100 % performance because they count volume instead of pieces. 

At the same time, the company has no calculated cycle times and this means that it is 

not possible to change the calculation that Nord et al. (1997) describes should be cal-

culated. These figures are sent every week to managers within the company and risk 

creating a false picture. They also count corrective as non-RM as they are considered 

to be PM which creates diagrams like Figure 11. An interesting thing is that the case 

companies' maintenance operators do not trust the OEE, nor do they use it as a tool. It 

is known that machine operators report errors and spend time on other departments such 

as maintenance, for example.  

5.1.5 Cause 5, No agreement between maintenance and production  

According to Nord et al. (1997), the basis for operator maintenance is to have common 

strategies throughout the company. Maintenance is usually influenced by costs accord-

ing to Algabroun et al. (2020), even so recently maintenance has become an important 

part of the strategy to be competitive (Monostori et al., 2016). According to Patterson 

et al. (1995) it is important to crystallise exactly what each department is responsible 

for in order to achieve high efficiency.  

 

In the case company, there are no common agreements or goals between, maintenance 

and production through, for example, through an SLA. The same applies to focus group 

2 which have no written agreement with production. They are simply a service unit to 

help production when they call. The risks for the case company are that maintenance 

waits for production to scream for help and act as firefighting while maintenance 

watches. It is both inefficient and causes production to stop abruptly. The same applies 

to the company at focus group 2. They have no agreement between each other and do 

not think it is necessary when they are working in the same company. 

 How to increase the level of maintenance 

As Monostori et al. (2016) described, there are lots of different models and methods to 

improve  maintenance work. Based on the data collection and theory from Franzen ( 

1993) and Figure 3, a Figure 12 has been created with seven factors to explain how 

manufacturers can reach more PM. These seven factors are described in more detail 

below and some of them are solutions from the sources in research question 1. These 

factors are positioned in the different steps of the ladder depending on which box a 

manufacturer are located in. By laying the base for having a strategy and education can 

the manufacturer “walk up of the steps” to better maintenance. 

 



Analysis 

 42 

 

5.2.1 Education 

One reason to start with more preventive maintenance is to educate and increase under-

standing as it is a problem describing above. As Smith and Hinchcliffe (2003) de-

scribed, many manufacturers have preventive work, but it is not known why and how 

they go about it. At the same time, a company can reduce one third of the maintenance 

costs by prioritising maintenance at all levels including management within the com-

pany (Ahuja & Khamba, 2008). 

 

Employees in the case company know what prevention is when the issue arises but are 

considered difficult to get there. From the management's perspective, it looks like they 

have a preventive work through documents and schedules where it says PM. However, 

when talking to those who carry out the maintenance work, there is hardly RM and 

there is no time to be able to plan such activities. Nord et al. (1997) found that the base 

for maintenance operators is to train and have systems that can help. Right now, the 

case company has some education, but they have been reduced due to Covid-19. At the 

same time, many operators consider their SAP-system to be user-friendly and do not 

want to use it. This means that they do not follow what Nord et al. (1997) described and 

may therefore not be able to develop. 

5.2.2 Working instructions  

When an understanding is intensified, manufacturers can start with different steps to 

start with PM. The first step is by having working instructions on each major machines 

that explains and shows how to perform (Nord et al., 1997). It is easier to train for an 

operator to increase awareness of maintenance if there are descriptions (Nord et al., 

1997) 

Figure 12, Seven factors to reach to more PM mapped into the maintenance culture model by 

Franzen (1993) 
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Right now, all the maintenance operators in the case company work differently and 

solve the same spare part differently. Much of PM is based on experienced operators 

and soon many of the company's staff will retire. This means that new staff are hired 

and through working instructions, the knowledge gap can be reduced and the time to 

change parts becomes less. It seems that it is not so common to have working instruc-

tions. In focus group 2, they also have no descriptions or reports after work has been 

done. One solution is to use existing technology with descriptions and pictures. In the 

case company machine Machine 1 has been in the factory in the factory since the year 

1980 and much is the same as when it was new. This means that once the work descrip-

tions are in place, it would be enough to update them annually. Working instructions 

also allow operators at the machine to do easier maintenance at a later stage.  

5.2.3 Production operators do maintenance tasks 

It is important to include all sections in companies to a better maintenance according to 

Hagberg and Henriksson (2018) and operator maintenance is a way to start creating a 

commitment. Hagberg and Henriksson found that by giving the right knowledge and 

understanding to the operators, the commitment will increase and create higher moti-

vation. It is the production operators who know the machines best as they are work with 

them the most (Hagberg & Henriksson, 2018). For example, Patterson et al. (1995) 

study showed that John Deere significantly reduced the company´s maintenance hours 

through operator maintenance. Figure 5 shows examples of what the relationships be-

tween production and maintenance can look like. By making such an illustration, it can 

be more easily clarified who is doing what according to Chan et al. (2005).Although, 

there are several opinions that operator maintenance should be done at a later stage. 

According to TPM, Nord et al. (1997), described that operator maintenance is happen-

ing at a later stage and when they have begun to achieve PM. At the same time, Fran-

zen's maintenance culture model (see Figure 3) showed that it is in step 4 and several 

steps up from PM. 

 

In the case company, they have begun to realise the importance of not letting the oper-

ators standby and watch without participating together with the maintenance operators. 

This can mean that the case company gets fewer stops, and the maintenance workers 

have more time for PM. In focus group 2, they have started working with operator 

maintenance by creating lists of the equipment that they believed can be easy to imple-

ment. At the same time, they are in RM as a case company and the question is whether 

they are too early to do this activity?  

5.2.4 Choose between TBM and CBM 

The approach of preventive maintenance needs to be decided, TBM or CBM. TBM are 

more expensive than CBM but they are much easier to apply as it does not require as 

strict measurements and controls according to Gerald et al. (1995). At the same time, 

CBM requires systems and technology that can detect error indications, which means 

that manufacturers must have sensors that can require expensive investments according 

to Prajapati et al. (2012). Prajapati et al. continued to describe that it is not effective to 

choose a random concept but to have a mix of them. Prajapati et al. (2012) suggested 

that manufacturers can do an RCM to decide if it should be TBM or CBM on the re-

spective equipment. However, sometimes it costs more to prevent any shortcomings 

instead of letting it break and change in a few minutes, which is cheaper and more 

efficient (Gerald et al., 1995). Through Figure 4, manufacturers can clarify through 



Analysis 

 44 

various questions whether they are worth having prevention or let it break. According 

to Stenström et al., (2016) there are shortcomings in studies on the relationship between 

RM and PM, which means that a rule of thumb right now is 80/20 in favour of PM.  

 

In the case company, there is none CBM or TBM on Machine 1. It existed ten years 

ago but disappeared, which cannot be explained why by the case company. The work 

of starting to write down service intervals is a good start to be more preventive. At the 

same time, they have sensors that provide a lot of information and can provide indica-

tions from the CBM approach. The company in focus group 2 has made a TBM by 

setting a list in November every year. The list must be followed throughout the year 

and in this way be able to plan the entire production.  

5.2.5 Digital systems 

By measuring and inspecting before the error occurs, it can be prevented and remedied. 

There are several different ways to measure according to Ljungberg (1998) like using 

sensors or cameras. On the other hand, Ljungberg found that the disadvantage of this is 

that training is required for the staff, which can take time and cost money. Hagberg and 

Henriksson (2018) considered that the biggest mistake for the development of PM is 

the lack of knowledge and they do not know how to proceed. Algabroun et al. (2020) 

found that it can be difficult for small / medium-sized manufacturers to analyse and it 

becomes too complex. The advantage of using digital tools is that the result with OEE 

can be more efficient according to Algabroun et al. (2020). However, it can be difficult 

for the case company because the OEE calculation is different from theory. According 

to Gerald et al. (1995), errors that have occurred have given some kind of signal before 

which can be indicated by a functioning digital system. 

 

Right now, the case company, have sensors already included on the Machine 1. Never-

theless, the case company do not use them and analyse by themselves but outsourcing 

all data to the sensor company, which provides ready-made analyses. This is a way to 

avoid the knowledge gap, but on the other hand there is no direct knowledge if the case 

company are going to do it yourself in the future. Compared to Franzen (1993) mainte-

nance culture model Figure 3, analysis of data is far up in the steps and not among the 

first steps to reach more PM. The answer to this may be that the knowledge does not 

exist and can be difficult to develop in a short time.  

 

The case company believed that the current system, SAP-system, is not an advantage 

and wants to switch to Maintmaster. Although, considering at what R5 says and the 

focus group 2, there is a common denominator. R5 still thinks it would be strident from 

operators and the company from the focus group 2 believed that Maintmaster is not 

completely optimal and limits its use with digital tools. 

5.2.6 Create motivation  

TPM describes the importance of how operators take responsibility and are involved by 

"owning" their machine with knowledge (Chan et al., 2005). This can make the operator 

more carefully and be aware of any noise and thus can prevent. Oreg et al. (2011) de-

scribed that if the workers are motivated, it is easier to implement changes. At the same 

time, Choi (2011) pointed out that it is the great responsibility of the management to 

communicate correctly in order to increase the motivation of the workers. In Chan et 

al. (2005) study, manufacturers did not want to implement TPM because they did not 
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want more work, which created poorer motivation. Could it be that at the case company 

are in the same situation? 

 

Considering the case company, there is a certain scepticism about change. The quote 

from R6 that they were also sceptical about the implementation of 5s shows that the 

case company works a lot against the old culture. At the same time, the focus group 

believed that maintenance has improved, which can help with the change towards PM.  

 

The answer from R6 was that they do not want production to replace maintenance by 

having too much operator maintenance. There is a risk, for example during operator 

maintenance, that motivation will deteriorate. Another risk is that the maintenance op-

erators feeling that the work of reaching PM becomes an increased workload and be-

comes negative attitude. 

5.2.7 Write strategy for maintenance  

Due to the risks of not having a strategy described in chapter 5.1.1. manufacturers need 

to write a strategy to be able to reach PM. However, it is also important to choose a 

focus on how to be able to develop in the best way. Should manufacturers choose TPM 

or perhaps any other of the 49 models in maintenance that  Gomes & Yasin (2010) 

described as being available for manufacturers. According to Hagberg and Henriksson 

(2018), it is important to analyse what the current situation looks like and make a plan 

for where the organisation wants to go. Hagberg and Henriksson continue to describe 

that it is important that all sections in the organisation must be involved as a part of 

designing the strategy in order to get a common and good picture as possible. There are 

slightly different views in the case company depending on which position they are in. 

The management has accepted a strategy written by R1 to get better at PM but at the 

same time fed by numbers that incorrectly present the picture of the maintenance mode.  

 Digitalisation at a Manufacturer with RM 

The study of Parviainen et al. (2017) which asked 4800 manufacturers about digitalisa-

tion is similar to what the case company thinks, they are positive about digitalisation 

but nothing happens and the development is stagnant. Sundberg et al. (2019) continued 

and argues that positivity exists, but at the same time there is a lack of projects and 

technologies. Fusko et al. (2018) found that many manufacturers are not ready for in-

creased digitalisation and there are risks of tying up large capital and going bankrupt. 

Buying expensive software at the same time as the company is not ready in terms of 

knowledge to use it is one of the risks according to Simões et al. (2011). At the same 

time, Simões et al. (2011) found that the design must be adapted to the purpose. 

 

According to Sundberg et al. (2019), many manufacturers are interested in Industry 4.0 

and an increased degree of digitalisation, but there are no direct actions towards im-

provement. Parviainen et al. (2017) showed with its study that 4800 manufacturers were 

positive for increased digitalisation in a study but that most fell due to the organisation 

or culture did not support. In Sweden, large sums are invested in research in digitalisa-

tion according to Sundberg et al. (2019). At the same time, there is a large knowledge 

gap between maintenance and digitalisation according to Algabroun et al. (2020) and 

this can be compared with the answers during the interviews at the case company. They 

did not simply know what the term meant and hence answered briefly and negatively. 

The knowledge itself will be developed according to Klingenberg and Junior (2017) 

and continues to describe that two to three decades are needed to be able to know how 
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to take advantage of the benefits of digitalisation. At the same time, Johansson et al. 

(2019) found that strategies, working methods and business models must be focused on 

becoming more digital. 

 

Comparing with the case company, there is a weak positivity, but they do not see them-

self being able to do anything until they have started to develop their existing mainte-

nance into more preventive. The case company currently have SAP-system that should 

work for all departments according to their management. Many of the staff complain 

about the system and believed that it is not adapted to everyone except for finances. 

Although, an interesting thing that was said in the interview with R3 was that regardless 

of the program, they had complained as it is in the culture within the company. The 

question is whether the case company sees any benefit in developing its knowledge and 

investing more in digitalisation.  

 

When comparing the case company with Al-Najjar et al., (2018) list of criteria of In-

dustry 4.0 is, there are some points to compare. Example the criteria of digitalisation, 

detecting injuries at an early stage is needed. Right now, it, the maintenance operators 

do not have the experience to find errors like maintenance operators years back. On the 

other hand, the case company receives real-time data at all times and can follow up the 

figures. Although at the same time, they outsource much of the data analysis, which can 

mean that the case company do not learn to understand data. 

 

In the case company, they are good at repairing mainly mechanical faults in a short time 

with good quality. However, according to Algabroun et al. (2020) there must be digital 

systems that help maintain descriptions to simultaneously increase reliability, which is 

lacking at the case company. They have SAP-system but do not use the system through 

working instructions s or follow-ups. A system has been created together with R3 to 

improve 5S where the purpose in the future is also to insert easier maintenance descrip-

tions for the machine operators. If it had been possible to have all the maintenance facts 

in those systems, a more superficial item on Al-Najjar et al. (2018) list would have been 

fulfilled and the approach to being able to become more digitally created would have 

been created. 

 

Focus group 2 had thoughts of acquiring tablets as a start to increase digitalisation. 

Quite simply, staff could produce digital drawings and more by filming a specific part. 

One risk with this, Johansson et al. (2019) pointed out, is that there may be a lack of 

knowledge in the organisation and in some ways, they just become expensive and un-

usable. 

 

Table 5 described the different criteria for Industry 4.0 from a study by Al-Najjar et al. 

(2018). In point eleven, digitalisation, the criteria are to be able to easily integrate and 

simplify maintenance through automatic production. Also, in Table 5 , showed that it 

is difficult to have this criterion in an RM approach and it is starting to become easier 

to have when arriving at a CBM approach.  

 

 

Table 5 shows that implementation of digitalisation is relatively low by manufacturers 

with RM. However, it is not impossible according to Al-Najjar et al. (2018), which 

mean that there is a chance. Through Table 5, there are the boxes that the case company 

can handle and, in this way, be more digitalised through RM. Theoretically, there are 
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chances to develop, but the question is how difficult it can be in practice. At the same 

time, Sundberg et al. (2019) thoughts are that they are still a lack of studies of digitalised 

maintenance and thus strengthen the question of practical implementation. 

 

It has already been described above how the case company has access to digital infor-

mation and can therefore strive for PM. According to John Lee et al. ( 2019), the ad-

vantage of having digital data is to be able to understand the process and see a clearer 

picture of risks. At the same time, the knowledge is lacking, which Nord et al. (1997) 

described as an important factor in understanding the content. Still Fusko et al. (2018) 

showed with its trigger list that a company that collects data can develop its digitalisa-

tion. The case company is already collecting data but is being outsourced at the moment 

and, in this way, there is nothing new to invest in equipment but only knowledge. There-

fore, it is seen as an opportunity and leans towards it. 

 

As Culot et al. (2020) described, Industry 4.0 and digitalisation are relatively new con-

cepts and can be confusing. There is a lot to develop according to Klingenberg and 

Junior (2017) and therefore it is important to bring in researchers and institutes that 

work with this. Johansson et al. (2019) confirmed that increased collaboration with in-

stitutes increases the possibility of becoming innovative and more efficient competi-

tiveness. The case company is using this report and examines what the possibilities look 

like. It was with the help of the author that the case company received information about 

the subject of digitalisation. On the other hand, it is important to point out that when 

asking questions about the subject during the interviews, they first of all want to get 

more PM according to R5 before they start focusing on something else. According to 

Algabroun et al. (2020), manufacturers with RM often work without scientific methods, 

which means that collaboration with institutions would develop maintenance and the 

pursuit of more digitalisation. In the future, there are opportunities to continue the col-

laboration with students and institutes in various projects, therefore it is on the side of 

opportunities 

 

Because there is no direct knowledge of digitalisation in the case company or because 

someone even knows their maintenance system, it becomes difficult to advance for-

ward. As Simões et al. (2011) described it, there is no point in buying and using expen-

sive systems when the knowledge is not available. Aboelmaged (2014) continued the 

reasoning that knowledge is required for digital tools and data collection. Looking from 

a maintenance angle, Hagberg & Henriksson (2018) and  Johansson et al.( 2019) em-

phasise that the most common mistake of not developing is that knowledge is lacking 

within the organisation and manufacturers do not know how to proceed. Quite simply, 

knowledge is extremely important, which does not certainly exist within the case com-

pany. It should be emphasised that the research area is relatively new and that there is 

not much research in digitalisation and maintenance according to John Lee et al. (2019). 

This means that the case company has not been able to develop its knowledge properly 

until the research is at an early stage. 

 

A manufacturer in RM works a lot with firefighting according to Algabroun et al. 

(2020), which can be confirmed by the studies from the case company and the focus 

groups. This may mean that there is simply no time to develop their areas of knowledge. 

Looking at Table 5, it is relatively low that manufacture can implement digitisation in 

RM. However, it is not none but low according to Al-Najjar et al. (2018), which means 

that it can work 
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Algabroun et al. (2020) described that in RM, it has a low status with the management 

and no money is invested unnecessarily in development. Earlier in Chapter 5, the im-

portance of having a strategy to develop into more PM has been described. This is im-

portant for achieving digitalisation according to Johansson et al.( 2019), as manufac-

turers must get support from the management and its strategy. In the case company, 

there is no word on digitisation and Industry 4.0, only a focus on reaching PM. This 

means that no focus is placed on being able to develop and see today's trends in mainte-

nance. They simply have too many urgent cases and do not even have time to think 

about digitalisation. At the same time, staff must feel the support of management during 

development and change, which means that for the case company, it can be difficult to 

start developing but not get the support they need. 

 

As described in the case company and focus group 2, there is a culture that consists of 

the production of that time. It can be difficult to change and develop and one has met 

with resistance as Tonnquist (2018) described “the four room of changes” model (see 

Figure 6). Trying to introduce a subject that does not have much knowledge and also 

get resistance can be difficult. According to Choi (2011) it is important to respond to 

resistance with knowledge and provide understanding, which can be difficult with dig-

italisation as there are no direct concrete examples. The case company thought that 5S 

was bad when they were introduced but changed when the management gave concreted 

examples and the machine operators saw the effects in the factory. 
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6 Discussion  

In this chapter it started by a discussion of the research methods and how the study was 
performed. Thereafter, a discussion on findings including the analysis of the three re-
search questions. At last, a discussion of whether the purpose was achieved.  

 Discussion of method 

Purpose of the study is to be able to gain an increased understanding of how to leave 

RM while being able to join the new trend of digitalisation. Hence, a qualitative strategy 

was chosen to answer the research questions through a case study. Through interviews 

and literature studies, data could be collected and presented in chapter 4. Davidson and 

Patel (2011) considered that there will be a limited generalisation when there is only 

one case company, which is in this study due to time reasons. On the other hand, it can 

be considered that the answers to the questions can be used in general by the answers 

to the research questions being substantiated by literature from scientific articles. By 

implementing two focus groups at two different companies, it also created more relia-

bility in the result. 

 

One strength is that there have been interviews from several different positions and 

departments in the case company, which has created a better overall picture. Mostly 

online because of the Covid-19 pandemic but it has worked well. On the other hand, in 

some cases there has been no camera on, which means that the interviewer missed the 

body language. Some interviews were recorded and some not recorded. This may have 

caused the interviewer to miss something significant and perhaps misunderstood certain 

parts. It would have been interesting to interview even more operators from production 

and maintenance in the case company to get an even better picture. 

 

Through the literature study, the scientific articles could prove what was found in the 

case company. During the literature study, it has been important to include not only 

facts that prove what has been found, but also theory that says the opposite. Above all, 

research question 3 has given the chance for different opinions through theory and in-

terpretation.  

 

It was difficult to find research, especially in digitalisation and companies within RM. 

A few articles were found and it was published in recent years. Therefore, it was im-

portant to find interesting facts from the case company to be able to find answers to 

research question 3. A reconsideration, the method should had been a little different as 

the answers to the interviews, for example, were usually that the interviewees did not 

think about digitalisation, and they did not know. much about them theoretically. By 

doing a workshop on a full working day where digitalisation is presented and discussed, 

more data could probably be extracted. In this case, there was no time from the case 

company's side and the restrictions from the pandemic Covid-19. 

 Discussion of findings 

With Covid-19, it has been difficult with physical meetings and it also means that they 

are just one case company, which can reduce the generalisability. However, a more 

superficial focus group have been done on another company to be able to see if they 
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had similar problems. The result has given a good picture of what are the reasons for 

remaining in RM. This can be proven based on the case company and focus group 2 

when they have RM. Both have different things to improve which can be probable as 

no two manufacturers are alike and they are good and bad at different things. There are 

probably lots of other reasons, but these were found from the case company / focus 

group 2 and were compared against the theory. Many of the problems raised by the 

scientific articles were consistent with the two companies and they show that RM is a 

problem and can cause large costs for manufacturers.  Figure 12 can hopefully give 

manufacturers information to be able to be inspired and find factors that can be explored 

further. This is just an indication of all the facts that exist about these factors and is 

there to give a first insight. Focus group 2 is implementing operator maintenance that 

is high up in Franzen (1993) maintenance culture model while they are in firefighting 

box. Is it possible to do such processes even though the model says otherwise? Theory 

and reality may sometimes not be completely interconnected and in this case, it can be 

difficult to introduce operator maintenance while the maintenance operators run around 

and put out fires.  

 

Abdelhadi and Khreis (2016), Jonsson, (1997) and  Zlatic (2019) all found that a 

maintenance strategy is needed to be able to achieve higher efficiency in maintenance. 

Neither of the case companies or focus group 2 have a maintenance strategy, the same 

applies with neither of them having an agreement between production and maintenance. 

Are they due to ignorance of what they can provide in value or are they just that the 

motivation is not present in everyone for just maintenance, which means that they do 

not put in extra effort? Theory points out that these two factors create higher efficiency 

and clarity for the entire factory. For the case company, it is important that management, 

together with the departments, set up a common strategy and educates about mainte-

nance and its tools. Already for focus group 1, the maintenance operators became a 

little more educated about PM, which made them more motivated and gained an in-

creased understanding. 

 

What is interesting to look for? As there is a lot of theory about RM and PM, manufac-

turers can use them to get better. The biggest factors are that to take maintenance seri-

ously and invest in them throughout the organisation. Then manufacturers will be able 

to take big steps in development. 

 

By writing instructions, it becomes easier to perform the maintenance activities. The 

maintenance operators work more equally, and the working method becomes more 

standardised. None of the case company or focus group 2 have this. The reason why 

can be that the understanding of the importance of spending time and writing down 

instructions is missing. It takes time but will be worthwhile afterwards as it can be used 

for a long time and only adjusted a little depending on new parts and working methods. 

It is also important to be clear with pictures and simple text, which Hagberg and 

Henriksson (2018) showed. Furthermore, that manufacturers do not prioritise getting 

better maintenance in not to report after performed maintenance activities are interest-

ing. By reporting afterwards, manufacturers can see patterns of errors and be able to 

investigate whether there are factors that are underlying. At the same time, manufactur-

ers can evaluate the working method and create more standardisation and efficiency. 

But also, be able to improve safety for all operators, which is important for the case 

company, for example. 
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Another factor that is important is to decide if the manufacturer wants TBM or CBM 

on the equipment. If the manufacturer has the knowledge and the opportunity, CBM is 

most efficient as they use the equipment most efficiently by not buying spare parts un-

necessarily and carrying out extra repairs. At the same time, TBM is a good first step 

that can be easy to list and perform. Collaborating with the supplier can be an oppor-

tunity to produce TBM on the equipment, but it is important to think that the supplier 

has in mind to sell extra parts and set smaller time intervals than necessary. Therefore, 

it is also important to involve production and maintenance operators who usually have 

a lot of experience and know better than what can be stated in the instruction manual. 

By also involving them, they can get a sense of ownership and become more motivated 

and get the rest of the operators to improve maintenance. 

 

Causes 1 and 5 in research question 1 are a bit related. Both are about the organisation 

making important decisions and creating documents to get a clearer picture. If the man-

ufacturer has a strategy in maintenance, it may be easier to create an SLA with produc-

tion as they have been involved in writing the maintenance strategy. Production has a 

greater understanding and wants to work to become better in maintenance. Maintenance 

costs are presented in cause 1 and are demonstrated with research that they are reduced 

through a maintenance strategy. But even cause 5 can be considered to save money in 

the maintenance budget through reduced time for repairs for the maintenance operators 

and more time for PM which can create reduced costs. It would have been interesting 

to do more research into the monetary aspect of maintenance and use companies and 

see over time how the work towards PM affects costs. It takes a long time to see the 

effects as it takes a long time, but at the same time they are an important aspect as 

companies with management usually focus a lot on costs and savings. 

 

All seven factors found in research question 2 are a start to take steps in Franzen´s ( 

1993) culture model. But at the same time, it requires a lot of work within each factor 

and further research into what needs to be done. In digital systems, for example, there 

are lots of different tools to improve maintenance. It is important to be careful and fol-

low what the theory explains in, for example, calculating the OEE correctly and daring 

to see the truth. The difficulties for small companies to have the right knowledge can 

be difficult and hence digital tools are far up the culture model (see Figure 12). 

 

On the other hand, the digitalisation part of maintenance is under development and 

makes this study more curious. Because the case company does not have PM, they only 

focus to reach it and have not thought and opinions about Industry 4.0 and digitalisation. 

On the other hand, the case company have a certain amount of data collection that may 

resemble an increased degree but is outsourced when they do not have the knowledge 

or resources. To take advantage of the data, it requires a lot of knowledge and patience 

to structure and find the goodies in all the amount of data. On the other hand, the ben-

efits outweigh by keeping track of their equipment and using data for more efficient 

and resource-efficient processes. It is quite clear that right now the case company and 

focus group 2 are not in a position to implement an increased digitalisation. On the other 

hand, the research question can partly get the confirmation that they are in some parts 

becoming more digital, but they can be difficult to transform into something valuable. 

One of the major problems that is common to all three research issues can be seen that 

manufacturer over-evaluate themselves and believed that they have a better mainte-

nance situation than they have. They do not simply see that they are a problem to be in 

RM as they do not focus and invest large resources to get better. 
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An increased digitalisation for the company creates a movement towards PM. An ex-

ample is that manufacturer needs to be knowledgeable in analysing data to see any 

shortcomings and future repairs. This means that when the manufacturer is in RM, they 

do not immediately have any thoughts of analysing as there are only reactive actions to 

keep the processes going. Although in PM, it is important to use data to analyse the 

machines. Therefore, it can be good to think about digitalisation and its tools while 

going from RM to PM to get the best results. 

 

It should be added that all results are based on one company and a special machine, 

Machine 1. What would happen if the study looked into another company with RM? 

Could they have implemented digitalisation all the more? Looking at the company from 

focus group 2, they show that it probably does not matter which company the author 

would have chosen. It would probably be no maintenance strategy, firefighting and fo-

cus to help the production to keep up with the machines.  

6.2.1 Discussion of purpose 

The study has fulfilled the purpose of to increase the knowledge of how manufacturers 

can understand and develop a strategy to achieve preventive maintenance and at the 

same time find essential elements for maintenance digitalisation. Through questions 1 

and 2, reasons and elements for being able to get better maintenance have been found 

and thus reach an increased degree of PM. It should be added that all manufacturers are 

different and have different problems and this report is not a complete solution but more 

an eye opener for how valuable a functioning maintenance can be. However, the tools 

are in this report to be able to begin their journey towards more preventive work. There 

are several steps after PM that are described by Franzen (1993), for example, but the 

focus has always been on finding elements around PM. 

 

In research question 3, the study has found elements for more digitalised activities. On 

the other hand, it has been discovered through the presentation of the report how unclear 

it can be with digitalisation in maintenance and that there is not much scientific material 

so far.
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7 Conclusion  

The chapter is divided into each research question where the answers to the questions 

are clarified through figures and points. Finally, it is described how the study can be 

applied and further research can take over. 

 What are the main causes for a manufacturing company to remain 

in a RM? 

Through the question, five causes have been found to why manufacturers remain in 

RM. 

 

 Lack of maintenance strategy, which means that manufacturer have no goals 
and do not know how to proceed. It is common that manufacturers do not have 
a maintenance strategy, but it is needed to have a high efficiency, cost effective 
and increased commitment. 
 

 When the production and maintenance operators are unmotivated and think that 
work of change is problematic and unnecessary. 

 

 Training and education are lacking, which means that competence is lacking. 
The basic for good maintenance is training and if they are lacking, there are 
risks that companies do not prioritise maintenance and see it as a necessary evil. 

 

 Does not use, for example, OEE and does not dare to see the reality of the man-
ufacturing through numbers. Rather have good numbers and distorted figures to 
show to the management instead of showing the truth. 

 

 A non-existent agreement between production and maintenance means that 
manufacturers do not know who is responsible for the maintenance work. With-
out an agreement, maintenance will only be a support to production to ensure 
that the machines are running.  
 

 What are the essential elements for going from RM to more preven-

tive maintenance for a Swedish manufacturing company?  

 

 Having an education creates a greater understanding and greater motivation. 
According to Nord et al. (1997), education is the basis for improved mainte-
nance as it is common for manufacturers not to know why they have PM. 

 

 Working instructions make employees work the same and it is easier to train 
new operators. This can be done through clear instructions and pictures that are 
easily accessible. 
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 Having operator who performs maintenance tasks create more time for mainte-
nance operators for preventive activities while production becomes more in-
volved and engaged in maintenance work. 
 

 By choosing whether the equipment should have TBM or CBM, it is easy to be 
able to monitor and get a more preventive work. At the same time, it is important 
to point out that a little RM can be found on certain equipment as it is cheaper. 

 

 Having digital tools such as OEE allows manufacturers to see in advance if there 
will be errors. According to Gerald et al. (1995) the errors are shown by signals 
before it happens, which can be captured by digital tools through sensors and 
cameras. 

 

 Motivated operators make it easier for them to implement changes. At the same 
time, management must be clear in communication and attach great importance 
to explaining why you make changes and thus create greater motivation. 

 

 The reason for getting more PM is to have a strategy specific to maintenance 
that is written along with everyone within the company. It clarifies more for the 
company what its target image is and how to proceed. 

 How can a manufacturer in an RM state utilise the development in 

digitalisation to improve their maintenance? 

 

Five elements have been found based on the literature study and the case study where 

companies in RM can use increased digitisation without have PdM. 

 
 By adapting their maintenance strategy and including the digital part, companies 

can become more digital. 
 

 Have digital systems that assist in maintenance and provide information to de-
tect any errors early. There are usually sensors late before, which makes it pos-
sible to collect data without large investments. 
 

 Companies in RM can collaborate with institutes and thus increase their 
knowledge and at the same time contribute to further research. 
 

 Have real-time data that presents the current situation live and be able to quickly 
re-plan and make new decisions. 
 

 By having a management that wants to change and at the same time motivate 
the employees. 

 

 Implications and Future Research 

Research questions 1 and 2 are already well-known in science and there are methods 

and information for manufacturers to read about. However, it can be difficult to know 

which part to take and adapt to your manufacturer. For example, Simões et al. (2011) 
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presented examples of how 49 different models to improve manufacturers maintenance 

and how it can be difficult to know which one to implicate. 

 

Furthermore, research question 3 is a step forward, but the need is for studies and prac-

tical research. Algabroun et al. (2020) suggested that there are large gaps between 

maintenance and digitisation. Also, Klingenberg and Junior (2017) found that digitali-

sation is needed two/three decades further to see the benefits. It would be interesting to 

see specific methods in digitalised maintenance and see practical experiments in man-

ufacturers. 
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9 Appendices 

 Appendix 1-Summary of interviews 

 

R4 

Right now, the production manager believes that there is a lot of firefighting for mainte-

nance. Between production and maintenance, he believes that there have been walls 

that they have tried to demolish and in part it has gotten better. Communication in be-

tween has also improved through some staff changes. Something that can be better in 

terms of maintenance is if you start using the "student program" used in 5S, the Pro-

duction Manager believes. Work has begun on adding intervals and different services 

to make it easier to see and understand. Something that production can get better at to 

help with maintenance is to call for help in time and not troubleshoot too much yourself. 

 

A strategy is being built, but it is not really known what it will contain. Right now, they 

have an entertainer who is RM but is striving towards PM. There is no real plan for how 

to proceed and the management above has no clear strategy. DE looks a lot at ex-cell 

files and the like that contain inaccuracies and untruths. According to the site manager, 

it is important to include production in the development work, which is not really hap-

pening now. Regarding OEE, he is divided on how they are counted and believes that 

performance is the biggest problem you have to deal with (a lot of downtime). Further 

digitalisation is considered positive, but you are not there in the long run as you have 

ended up wrong for a long time with RM. Regarding SAP-system, he believes that there 

is no will learn and if you had a different program, it would still not be so unchanged. 

A cultural change needs to be made and it needs to be shown with facts. 

 

 

Focus group 1 

 

When the question came what preventive for you is, the focus groups answered quite 

similarly without knowing about each other's answers. Prevention for maintenance is 

to do something before they happen. At the same time, it was considered that there was 

not much preventive work but more urgent. On the other hand, several who have 

worked there for a long time pointed out that things have improved in the last 1-2 years 

and that the worst acute cases have decreased somewhat. When the theory of the basics 

of having a preventive maintenance was presented, interesting discussions emerged. 

For example, when new equipment was procured, the supplier usually received a little 

over an hour of review of how it was built and maintenance information. Most of the 

time, they could be loud noises while not understanding everything that was said. After 

that, the equipment was handed over to the maintenance operators, but they still did not 

feel that they had the required knowledge. During the focus groups, several expressed 

that more training and help was needed to increase understanding and thereby become 

better at prevention work. At the same time, some experienced that the language defi-

ciencies created problems as usually everything was in English and hardly anything was 

in Swedish. It even happened that it was only in German. 

Regarding the PM stops that exist right now, the group felt that they did not have time 

to plan and wanted more time for it. At the same time, you do not have time to do any 
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preventive checks. Something that was discussed extensively when questions about dig-

ital tools, working instructions s and reports were raised, was how user-friendly SAP-

system was for maintenance. None of the workers have any training in SAP-system and 

feel high uncertainty about using it. It is simply too difficult to use it, which makes you 

ignore the digital tool. They had an old program Tekla called Maintmaster which was 

removed in favour of SAP-system. Many of the representatives in the focus groups 

believed that an investment in Maintmaster would help them to be able to start with the 

basics of PM. When the group discussed OEE, both groups immediately said that it is 

not to be trusted. They claimed that, for example, when you have cooked something in 

half an hour, production staff could have a half-hour coffee and then report that mainte-

nance has been going on for an hour or two. An interesting point of view that was raised 

was also that if you just clean better, many problems would disappear. 

 

 

R6 

In an interview with a machine operator, it is admitted that maintenance has improved 

in recent years, but that these are still very urgent matters. There is a positivity regarding 

implementing PM and trying to develop maintenance to a new level. When the question 

of whether the operator knows what maintenance is for strategy, the answer is no. An 

interesting point that the qualified machine operator expresses is that there are no oper-

ators who can recognise errors via sound when the skill does not exist. 

 

Another factor raised in the interview with the operator was doubts about increased 

operator maintenance. You do not want to "take over" the job from the maintenance 

operators and simply replace them. At the same time, it was pointed out that they are 

too few in number already and their task is to perform maintenance. 

 

The dialogue with production and maintenance is considered to be good and especially 

when urgent matters arise. According to R6, the cleaning routines work well, and the 

student program is useful to get an overview of what is left to be cleaned for the week. 

R6 also claims that when 5S were to be implemented, everyone said that it would never 

work, but now it works just fine, and you find the tools faster. 

 

 Appendix 2- Questions for interviews 

R5 

 Do you know the strategy in maintenance and what do you think about it? 
 The cost effect if the machine is stationary 
 What do you require from maintenance? 
 How do you view the collaboration between maintenance and production? 
 How does communication work with maintenance? 
 Is there anything you would like to improve regarding maintenance? 
 What can you as a production do better to help maintenance? 

 

R6 

 - How do you think the situation is right now? 
 - What do you demand from yourself? 
 - How do you view the collaboration between maintenance and production? 
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 - Is there anything you would like to improve regarding maintenance? 
 - What can you as a production do better to help maintenance? 
 - What would you say about the operator maintenance right now? 

R4 

 Do you know the strategy in maintenance and what do you think about it? 
 How do you think the company and staff are against change? 
 What are the management's goals and strategy for maintenance? 
 How do you view the collaboration between maintenance and production? 
 How do you view OEE / TAK in the factory? 
 If I say industry 4.0 and digitization, what do you say? 
 What are the thoughts on the future and its development? (digitization) 

R1 

 The maintenance strategy, were you the only ones who wrote it and when was 
it presented? 

 What about follow-up maintenance work? 
 Have the employees heard about the strategy in maintenance? 
 What was the purpose of the strategy? 
 How much training is carried out? 
 The cost effect if the machine is stationary 
 Are there any theoretical models you follow, or do you drive a lot on previous 

knowledge? 
 How do you think the company and staff are against change? 
 How many spare parts are there for Machine 1? 
 How long has it been with 5s educations? 
 Is there an agreement between production and maintenance? 
 How much stock do you have? Spare parts etc. how are the thinking there? 
 How is the contact with suppliers? Do you contact them when something 

breaks? 
 How do they go when something breaks? 
 Daily routines and service intervals? 

 

R3 

 Did you get any training in the SAP-system? 
 What difficulties do you experience with the SAP-system within case com-

pany? 
 Do you know the case company strategy in maintenance? 
 What is preventive maintenance for you? 
 Are you looking at OEE to get an understanding of how it goes for the plant? 

 

R2 

 Do you know the case company strategy in maintenance? 
 What is preventive maintenance for you? 
 How is 5S doing in the factory right now? 
 How did the implementation of 5S go? 
 Is there anything you would like to improve regarding maintenance? 
 What can you as a production do better to help maintenance? 

 


