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Sammanfattning 

This part in written in Swedish  

Tidigare studier poängterar vikten av företags konkurrensfördelar och vad som krävs för att 

dem uppnå dem. Det som tycks ligga till grund för att kunna konkurera är att ständigt 

överträffar kundernas förväntningar, vilket åstadkoms genom att företaget jobbar med ett 

ständigt förbättringsarbete. Detta examensarbete har till syfte att implementera en modell som 

bidrar till ett ständigt förbättringsarbete genom att lokalisera fel i processen, vilket kan 

tydliggöra var och vilken typ av underhåll som behövs och där igenom på ett 

kostnadseffektivt sätt förbättra processen, säkerställa kvalitet och därmed uppnå kundernas 

krav. Modellen bygger på PDCA där modellen kommer bestå av sju steg mellan P och D, i 

dessa sju steg är även med en MFD matris och en beslut matris inkluderats. I syfte att öka 

modellens tillförlitlighet har den testat på ett fallföretag, vilket ger grund för resultatets utfall. 

Författarens resultat och slutsatser visar på att modellen fyller sitt syfte dock är modellen 

beroende av tidigare dokumentation och kräver en viss förkunskap och tid för att kunna 

genomföra. 
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Summary 

Previous studies emphasize the importance of the company's competitive advantages and 

what is required to achieve them. What seems to be the basis for being able to compete is to 

constantly exceed customer expectations, which is achieved when companies are working on 

continuous improvement. This thesis aims to implant a model that contributes to continuous 

improvement by locating errors within the process, which can clarify where and what kind of 

maintenance is needed and thereby in a cost effective way improve the process, ensure quality 

and achieve customer requirements. The model is based on the PDCA model, which will 

consist of seven steps between P and D, in these seven steps a MFD matrix and Decision 

Matrix is also included. In order to increase the reliability of the model it has been tested on a 

case company, which provides basis for the result's outcome. The author's findings and 

conclusions show that the model fulfills its purpose, however, the model dependent on 

previous documentation and require some prior knowledge and time to implement.   
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Abbreviations  

 

Total productive maintenance, TPM-has two goals to achieve, no breakdown and no faulty 

products, when these two problems are eliminated, equipment utilization will increase and 

costs will reduce. (Nakajima, 1992) 

Plan Do Check Act, PDCA- a cycle is used for problem-solving and according to 

Srivannaboon(2009) a model that aims to continual improves the process. 

Decision Matrix- a tool to aid in the selection of solution by different criteria for objective 

could get the correct choice (KOU, LU, PENG, & SHI, 2012) 

Maintenance function deployment, MFD- a complementary tool in quality house (QFD) 

that eliminates identifies and quantifies the losses of the company’s profit, in order to sustain 

the maintenance requirements, to achieve business goals cost-effectively, (Al-Najjar, 

Maintenance Impact on Company Competitiveness & profit, 2011). 

Integration Definition Language,IDEF0-a modelling tool that is used to give a clear 

description of the input information, output, and resources 

Value stream mapping,VSM-According to Rother (2003)a value stream are all activities 

involved in the creation of a product, from raw material to final product. 

Life cycle cost, LCC- can be defined as an object's overall cost where all costs are include, 

purchasing, training, maintenance, operation, modification and disposal. (Al-Najjar, 2010) 

Quality- Quality can be seen as a customer-focused perspective, since product quality must 

satisfy and preferably exceed customer expectations and needs, (Bergman & Klefsjö, 2012).  

Process- Bergman & Klefsjö (2010)defines a process as "a network of activities that are 

repeated over time with the aim to create value for an internal or external customer." 

Maintenance- Marquez(2007) Defines maintenance as ” the combination of all technical, 

administrative and managerial actions during the life cycle of an item intended to retain it in, 

or restore it to, a state in which it can perform the required function” 

Condition based maintenance- control and measure to know when maintenance should be 

performed, (Al-Najjar, 2010). 

Preventive maintenance- replaces components before breakdown, (Al-Najjar, 2010). 

Failure based maintenance- restoration of equipment when failure occurs, (Al-Najjar, 2010). 
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1. Introduction 
This chapter contains the background, purpose, goals, problem formulation, relevance 

of the study and delimitations the author has made. 

1.1 Background 
For a company to survive in today's market climate, the organization needs to compete. In 

order to gain competitive advantage in the market, company strives to achieve customer 

needs and expectations, (Alsyouf, 2007). To achieve and exceed the customer's 

requirements organizations are required to achieve the stated strategic goals, reduce costs 

and get high quality, on time, in the right place, (Al-Najjar, 2010).  

 

An efficient production is achieved when equipment is optimally utilized, this calculated 

by a mathematical formula based on available time in relation to downtime, where 

availability is a measure by the total time of the equipment used divided with downtime 

(the time the equipment standstill), this in relation to the shifts, (Nakajima, 1992). 

According to Koochaki, Bokhorst, Wortmann, & Klingenberg (2013) an effective 

production flow lead to reduced material handling costs and increased productivity. 

Maintenance affects both profitability and productivity, since unplanned stop can mean 

that daily production is lost, something that can only be recouped by additional costs of 

work, in form of overtime work. This demonstrates the importance of maintenance and 

function to improve the availability, efficiency, standard, quality, performers, deliveries, 

environment, cost efficiency and safety, (Alsyouf, 2007).  

 

Bergman & klefsjö (2010) speak about continuous improvement, where the improvements 

are happening all the time in small steps and units, which strive to achieve total quality 

approach and invest in skills development within the organization, a process that never 

ends. PDCA (plan, do, check, action), it is designed to structure and prioritize problem 

cause then analyze or gather facts in order to solve and come up with ideas to finally fix 

and follow up, this to maintain the quality, “anyone who stops improving soon stops being 

good”, (Bergman & klefsjö, 2010). A machine’s poor condition leads to higher scrap, 

rework, worsens condition of the machine, increased production cost and reduced time 

availability for maintenance, which reduced quality of production, (Al-Najjar, 2010). 

According to Al-Najjar (2010) “In general, about 15-40% of the total costs for the 

manufactured products can be related to maintenance activities.” Maintenance activities 

can be divided in to indirect and direct costs. Indirect costs occur generally due to 

unplanned stoppages, costs that arise due to maintenance performance deficiency, this 

because of not using an efficient maintenance policy, (Al-Najjar, 2010). 
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1.2 Problem discussion 
Maintenance is definde by Marquez (2007) as ” the combination of all technical, 

administrative and managerial actions during the life cycle of an item intended to retain it 

in, or restore it to, a state in which it can perform the required function” . Maintenance 

aim is to prevent that errors occur, or to fix an error when occurring. If an error occurs 

either restore to its original condition or to investigate why the error has occur to prevent 

any future errors. Question of whether there should be an investigation of why the error 

occurred or to restore is an economic aspect linked to whether maintenance is profitable 

and cost effective, (Alsyouf, 2007). Nakajima (1992) indicates that by using Total 

productive maintenance (TPM) overall efficiency and profitability maintenance is possible 

to accomplish, this by increase productivity through minimizing input and maximizing 

output. Part of the TPM is overall equipment effectiveness (OEE), a formula based on the 

measurements, availability, quality and performance, with these measurements it’s 

possible to calculate how effective maintenance is within the production, (Wudhikarn, 

2012).  

 

Poor maintenance leads not only to stop time, but also a loss of quality, studies indicate 

costs incurred due to poor quality have been underestimated, (Lad & Kulkarn, 2012). To 

streamline the flow of material, all aspects need to be included, quality and costs are 

controlled and depends on maintenance. Through effective maintenance work, a company 

can reduce costs while maintaining and improving quality, (Lad & Kulkarn, 2012). Using 

predictive maintenance strategy can ensure a maximum availability of the equipment 

within the production to the lowest price, each maintenance activity can therefore be 

linked to cost, efficiency and quality, (Samet, Chelbi, & Hmida, 2012). 

 

1.3 Presentation of problem 
Improvement is a constant work in progress effort to continuously work with cost 

effective solutions, with customer needs and requirements to maintain the quality 

(Bergman & Klefsjö, 2012). This can be fulfilled with the help of efficient maintenance, 

since the quality and thereby customer requirement are related to the machines condition 

(Al-Najjar, 2011). Lack of efficient maintenance affects quality negative, which in turn 

affecting customer satisfaction and thereby profitability. To improve and locate faults in 

the process a way or method is needed to clarify what and where actions need to be done, 

to ensure a cost-effective maintenance, quality and thereby achieve customers’ demands 

 

 

1.4 Problem 
How is it possible to cost-effectively improve the production flow by applying efficient 

maintenance?  
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1.5 Purpose 
The purpose is to develop a model for enhancing maintenance efficiency to improve 

production flow cost effectively.  

 

1.6 Relevance 
Working with improving the process and the importance of maintenance within the plant 

are discussed in several literature studies, for exampleAlsyouf(2007) describes the various 

factors within the production process that are affected by maintenance, economy, 

availability and quality etc. Bergman & Klefsjö(2010)  illustrate continuous improvement 

efforts within the company to maintain standards and improve it, to be competitive.  

Therefore it is important to know where in the process flow maintenance is needed and 

what maintenance is cost effective to maintain the availability at the facility.  

Key word  delimitations database Hits  Relevant 

articles  

Production flow AND cost 

effectiveness  

 OneSearch 869 0 

Production flow AND cost 

effective maintenance  

 OneSearch 103 0 

Material flow AND cost 

effectiveness 

 OneSearch 710 0 

Material flow AND cost 

effective maintenance 

 OneSearch 80 0 

Table 1 literature research 

The author has after a literature study around the area cost-effective maintenance and how 

to improve production flow concluded that it is necessary to research more about the 

subject, because of the relevance to those articles found. When the author have searched 

and compared articles by title, author finds that infomation and knowledge of the subject 

are well discussed but finds no relevant models to solve the problem.This reinforces the 

importance of this study, since earlier research on how to solving the problem in this area 

doesn’t exist. The model will be appropriate to other cause with similar properties 

increased 

 

 

1.7 Delimitations 
The study will be limited to one company, therefore the interviews and information is 

delimited to respondents within the company. The focus onthe study is within the 

production process. The aspects that will be included are maintenance, quality, economic 

and production process. Other perspective such as personnel, safety, environment etc. will 

not be considered. 
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1.8 Timeframe 

 
 

 

 

 

 

 

Table 2 Timeframe 

  

 w.13 w.14 w.15 w.16 w.17 w.18 w.19 w.20 w.21 

Introduction          

Methodology          

Theory          

Model develop          

Empirical findings          

Model testing          

Result          

Conclusions           

Adjustments           
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2. Methodology 
In this chapter, the methods that have been used to conduct the report will be introduced. 

The author will present the different perspectives of the research perspectives, followed by 

reasoning regarding use. Last, a discuses the declaration of result's reliability, validity 

and generalization. 

2.1 Qualitative and quantitative research 

Holme & Solvang (1991)describe the scientific method as a tool, a way to solve the 

problem of generating new knowledge. Methodology can be divided into two methods, 

qualitative and quantitative information. When a study should be performed which 

method to use is decided, the importance lies in understanding the study in order to know 

which method will be used to carry out a suitable and proper study. This is that the 

researcher should be able to discern and consciously choose methodology.The main 

difference between qualitative and quantitative information is the use of statistics and 

figures. Qualitative methods formality is of low quality, the main purpose is to understand 

rather than to test the general validity of the information. The focus is on better 

understanding by gathering information, to provide a whole in context. 

Quantitative methods in a more formal and more structured, it is more influenced by the 

controlled scientists. The method describes the relationships that are of interest in 

connection with the issue. The method also determines what responses are possible. 

(Holme & Lompoc, 1991). 

2.2 Inductive, deductive and abductive 

An inductive method, the author study and collect information without any theoretical 

data guideline. The method approach is based on observations and empirical studies, then 

based on the information the author creates his own theories. The downside of this method 

is that the author's opinions will affect the final result as well as a limitation of the theory's 

general, because the theory is based on empirical result.(Patel & Davidson, 2011) 

 A deductive method is used when drawing conclusions from theoretical information in a 

given area, in order to draw logical and general principles of theories. When theories have 

been tested confirmed or denied comparing data from related fields where the determined 

which empirical data to be interpreted and collected. The deductive method contributes to 

the study becomes less impartial and then it makes use of existing theories. The deductive 

processing method can, however, prevent the author's discoveries because the report is 

based on other writers' theories.(Patel & Davidson, 2011) 

The abductive method can be said to be a combination of the inductive and deductive 

approach. The author creates theoretical prerequisites through collecting information 

within a frame (inductive), which is then applied and tested on various cases (deductive). 

This provides researchers with opportunities to test both ways, instead of being limited to 

one method. (Patel & Davidson, 2011) 
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Since the model will be developed based on the theory and verification of data collected at 

the company, the author will make use out of an abductive approach. To execute the 

report, the relevant theory within the field to be collected in order to form an idea of what 

is considered significant, then apply it to the case company. 

2.3 Scientific perspectives 
Acording to Bryman, bell, & Nilsson,(2005)there istwo main perspectives used for 

conducting research, these are called positivism and hermeneutics. 

Positivism is based on science and is there with a scientific approach that can be applied 

to all forms of knowledge that is based on logical observations. Positivism involves 

observation out of an event where the senses are logically can strengthen validity of 

knowledge. 

The hermeneutic perspective in contrast to positivism allows subjectivity and opens up to 

interpretation and reflection of the data, the researcher intends to analyze the data out from 

the authors perspective. Researchers use this perspective to capture the area's whole and 

not the exact numbers, greater use in the interpretation of philosophy and 

literature,(Bryman, bell, & Nilsson, 2005). 

In this study, positivist and hermeneutical perspectives are considered. To collect the 

information (both empirical and theoretical), the positivist perspective be used to get some 

facts and knowledge from observations. The processing and interpretation of the 

information gathered will hermeneutic perspective to be used to get an overall view. 

 

2.4 Case study 
The method case study is specifically suitable to work with when such individual or 

group, focus on one organization or another substance to gain a deeper understanding of a 

case, the most common is to do a case study of a project. A more comprehensive view of 

the processes of the various relationships will be the result of collecting empirical 

information on the subject. (Bryman A. , 1997) 

The researcher will in this study to work with a case company, where the interviews and 

in gathering of data to be carried out through observation, to get a more reliable result. 

The case company’s production will be used as the basis to suggest improvements. 
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2.5 Data collection methods 
Data for a study can be collected in various ways to get a holistic view, in this study 

observation, interviews and literature will be used, which are presented in this chapter. 

2.6 Observations 
Observation is a technique that involves the researcher needs to spend time with the 

individual / individuals related to the topic. Whit the help of vision or hearing, gain an 

understanding of how a process works by viewing, this in order to obtain information of 

what actually happens.  

An observation can be either hidden or open. a hidden observation means that the 

individual being monitored are not aware, thereby providing the most reliable results 

when individuals are not affected by observation. The open observation is in contrast to 

the hidden, in use requires the researcher to obtain an acceptance from individuals in order 

to get the standard grinding procedure.(Patel & Davidson, 2011). 

2.7 Interviews 
Interviews will be conducted through communication between the researcher and one or 

more persons who are connected to the object of study, in order to collect information. 

Interviews can be structured or unstructured. Structured means of questions asked based 

on a questionnaire or a frame with questions. An unstructured interview means that the 

questions are formulated on the basis of discussion with the interviewing person, 

questions are formed during the discussion,(Bryman A. , 1997). 

The author during the project will perform both structured and unstructured interviews 

regularly, this in order to gain a deeper understanding of the process and how they think 

and work around problems within the facility. 

2.8 Literature 
A literature used in studies to provide the researcher knowledge in a chosen subject, so by 

analysis of previous research that compared to contribute to a deeper understanding. 

Literature is also used to give the reader an overview of problems in the area, advantages 

and disadvantages in the theory. Data collection for the study should be critically assessed 

by reference list to reliable sources, data can be composed through books, databases, 

internet, journals and articles.  

To gain an understanding of the problem area and knowledge of previous research, a 

literature review will be implemented. The sources will be critically evaluated based on its 

reference list to get reliable information, in order to increase the validity of the study. 

  



16 
 

2.9 Validity 
Validity is a concept within the qualitative research field, and it used to question if the 

research is measuring is the research that was intentional to measure, i.e., the 

measurement accuracy, the results show what it was intended to show. Validity is about to 

determine whether the results of the measurements are based on the researcher's 

perspective is correct, (Bryman A. , 1997). 

Validity can be divided into internal and external, internal validity issues show the 

equivalent research information is against the reality. External validity indicates whether 

the findings can be applied to other situations. 

Examples of validity strategies are: triangulate, peer debriefing and external auditor.  

 Peer debriefing - get external help from someone who can review the research and 

ask questions to give the researcher more perspectives in the study.  

 External auditor - unlike against debriefing that are ordinarily give a person, 

foreign to the researcher and project an objective evaluation of the study.  

 Triangulation - used to by various sources of information to come closer to the 

truth, by combining data from different sources, to ensure the accuracy of the 

study (Creswell, 2009).  

This study is ensured by means of external support of individuals who are aware of the 

research, thus peer debriefing. The work will be read and questioned out of the examiner 

of the study, teachers, and other researchers. 

2.10 Reliability 
In differ to validity that ensures the accuracy of the results, reliability refers to the results 

of remain consistent regardless of what the internal and external factors or how many 

times it happens, the research will end up with the same results if performed again. 

The relationship between internal validity and reliability is to both describe that research 

is more valid and reliable if the same research repeated several times, to demonstrate the 

same results. a research result will not become more reliably written by several 

individuals have experienced the same thing, to show the reliability wants researchers to 

other researchers to do the same research and achieve the same results, to validate that the 

information collected and displayed the result makes sense,(Merriam, 1998) 

2.11 Generalization 
Generalization is important when a scientific study is conducted, in order to be able to 

apply the specific study on the other case.  If the findings can be applied in other 

situations than the case company, it’s a generalization, Bryman (2008).  
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3. Theory 
In this part the author will present all theory necessary to support the model development and to 

analyze the empirical. This chapter also aims to give the reader understanding for the research by 

introducinga theoretical foundation. 

 

3.1 Quality  
Quality can be seen as a customer-focused perspective, since product quality must satisfy and 

preferably exceed customer expectations and needs, (Bergman & Klefsjö, 2012). One can say 

that the definition of quality is decided by the customer, a satisfied customer means a loyal 

customer who spreads good reputation, which contributes to more customers. According to 

Hill (2005) the quality requirements in the process are of high importance since prevention 

and detection of errors within production will reduce the cost of rework. Therefore one can 

say that the profitability and success of an organization is dependent of quality. Increased 

quality leads to shorter lead times, greater satisfaction, less rework, which leads to less scrap 

also increased productivity. However, this do not rule out the scrap from rework because high 

quality means that products that do not measure up need to be redone, this in turn affects 

productivity negatively. This problem is handled in the modern quality management through 

continuous improvement in the development and manufacture of the product, (Bergman & 

Klefsjö, 2012).  

3.2 Life cycle Cost  
Life cycle cost (LCC) summarizes a system or a product life, in relation to costs and revenues. 

When breaking down all parts it’s possible to make estimate future needs of maintenance, 

there by additional costs. By mapping all charges it’s possible to calculate and estimate cost 

of a life cycle. LCC can be defined as an object's overall cost where everything is included, 

purchasing, training, maintenance, operation, modification and disposal. (Al-Najjar, 2010)  

By analyzing a machine it’s possible to identify different cost factors affecting LCC. Through 

analyzing and documenting machines behaviour, causes and underlying relationship could be 

reported to benefit both the owner and manufacturer of the machine, as it enables 

improvements in machine performance. Using LCC can therefore reduce problem areas, 

which leads to reduced cost factors, (Al-Najjar, 2010).  

Costs can be categorized as fixed and variable costs  

 Fixed cost - a cost that is independent of the production level. e.g. administrative costs  

 Variable cost-means cost those changes with the volume of production or activity 

level. For example, material costs, (Sullivan, Wicks, & Koelling, 2012).  
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3.3 Process mapping 

Process mapping is used to describe processes within an organization, according to 

Ljungberg, Larsson, & Roos (2001) flowchart a common approach when describing the 

process as a flow with all activation processes. The purpose of mapping is to get an overall 

understanding of what is happening in the processes, based on identification of problems and 

opportunities for improvement. Process Mapping identifies the key operational elements and 

brings a comprehensive understanding of the company´s process parts, the individual parts in 

the processes and how the work together within the company. Which allows the company to 

identify what creates value for the customer (Ljungberg, Larsson, & Roos, 2001).  

 

One cannot say that the actual mapping itself will improve the process. After a mapping has 

been conducted it must be completed with the organization's vision and goals of the process 

and the customer's expectations and requirements. Mapping is one of the first steps that 

should be taken when a development to optimize the process are to be implemented, (Rother, 

2003).  

3.4 Maintenance 

Marquez (2007) Defines maintenance as ” the combination of all technical, administrative and 

managerial actions during the life cycle of an item intended to retain it in, or restore it to, a 

state in which it can perform the required function”. To regain investment of equipment and 

machinery organization requires that life cycle, quality, efficiency and reliability are 

optimized. A way to get the most out of the machine / equipment is through an effective 

maintenance concept, (Al-Najjar, 2010). Maintenance has according to Koochaki, Bokhorst, 

Wortmann, & Klingenberg, (2012) two goals, the first is maximize plant availabilities, second 

is to minimize cost. For a company to maximize production while minimize cost a 

maintenance policy is required, since maintenance has a significant effect for achieving these 

goals, (Koochaki, Bokhorst, Wortmann, & Klingenberg, 2012). Over the years several ways 

to manage maintenance developed, in this report failure based maintenance (FBM), 

preventive maintenance (PM) and condition based maintenance (CBM) will be introduced and 

explained.  

3.4.1 Failure based maintenance 
Failure based maintenance (FBM) does Al-Najjar, (2010) not describe the execution of 

maintenance actions during machine / component's lifetime but rather a restoration of 

equipment when failure occur. FBM handle errors when occurring, by repair and restore the 

machine to the desired function as soon as possible. Some of the drawbacks with FBM it the 

large stock of spare parts required, since no previous data on parts failure and unplanned stop 

that can lead to long breakdowns, (Al-Najjar, 2010). 
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3.4.2 Preventive maintenance 

Unlike FBM, based on replacing components that stop working, preventive maintenance (PM) 

instead replaces components before breakdown. This may be in relation to hours after 

installation or operating hours, schedule add after testimonials from merchant or based on past 

experiences, (Al-Najjar, 2010).  

3.4.3 Condition based maintenance 
Instead of replacing a component regularly condition-based maintenance (CBM) with 

Condition monitoring (CM) is used to indicate when a component needs to be replaced. CM 

indicate if equipment has deteriorated, thereby its possible replacing a component without 

unnecessary downtime, which in economic terms leads to savings (Koochaki, Bokhorst, 

Wortmann, & Klingenberg, 2013). CBM more often replace preventative maintenance, this 

since using condition monitoring indicates when maintenance should be performed, (Al-

Najjar, 2010). According to Koochaki, Bokhorst, Wortmann, & Klingenberg (2013) CBM is 

the most preferred maintenance, based on its advantages. Maintenance policy CBM is based 

on the condition of the equipment components, which are monitored, by means component 

can be replaced just before a failure occurs. There are different techniques for measuring the 

condition of the components, vibration, temperature and shock pulse measurement are some 

of the ways to measure condition of the equipment, (Al-Najjar, 2010).  

3.5 Cost-effectiveness with respect to maintenance 

Generally all types of maintenance actions are carried out to accomplish a reduced cost and 

increased profits for the company, to be competitive at the market. This can be achieved by 

increasing the availability, quality and maintenance efficiency. To be able to calculate cost-

effectiveness a mathematical formula can be used. (Al-Najjar, 2007) 

𝐶𝑒 = 1−
𝐵𝑎

𝐵𝑎
  [1] 

Formula 1calculate cost-effectiveness 

 

In the formula one can calculate cost-effectiveness (Ce) of an investment by unit share 

average cost before implementation (Ba) with average cost after implementation (Bb). The 

improvement can be considered cost effective if (BB) is larger than (Ba). (Al-Najjar, 2007) 
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3.6 Maintenance impact on production 

The need to compete and to maintain the quality of production is in relation to how 

maintenance is performed. The manufacturing company strives for a problem free production 

without unplanned shutdown, this accomplished by an effective maintenance system, (Al-

Najjar, 2010).  

 

One way to find out whether maintenance within production is efficient is to use overall 

equipment effectiveness (OEE), a part of TPM, develop to provide a mathematical formula to 

indicate if an implementation of TPM is successful. By using OEE accessibility, performance 

efficiency and quality rate of the plant's equipment depicted. This calculation is based on a 

formula with three measurements, availability, quality and performance effcieincy, where 

high OEE value indicate high quality product and better utilization, (Wudhikarn, 2012). 

3.7 Maintenance impact on quality 

According to Al-Najjar (2010) few studies illustrated maintenance effect of on quality. A 

study from the Finnish industry indicates the importance of maintenance and how poor 

maintenance leads to poor quality, maintenance is stated as one of the three main groups that 

contribute to quality defects in manufacturing, (Al-Najjar, 2010).  

 

Condition of producing equipment can be linked to quality, since a machine failure can be 

traced to the condition of the machine and hence can be demonstrated that poor maintenance 

of machine leads to poor quality of produced product. This also affects the production costs 

when poor quality leads to rework, which increases costs and reduces the time available for 

maintenance, resulting in deteriorated condition out of the machine. The quality of the product 

indicates the state of the machine, (Al-Najjar, 2010). 

3.8 Maintenance impact on cost 

According to Al-Najjar (2010) costs for maintenance can be categorized as direct or indirect 

costs. Where direct costs include internal capacity costs, such as utilities, labor, training, spare 

parts and transport i.e. costs that are needed within maintenance. Excess internal capacity 

costs they are the costs for external capacity, services from manufacturing company of 

original equipment manufacturers (OEM) or other maintenance such as service companies. 

The indirect costs are the "invisible" costs, these costs arise due to planned and unplanned 

maintenance activities beyond budget or time, such as production losses that occur when 

repairs go beyond time. These indirect costs are usually visible severe estimated cost were 

factors that occur during unplanned stops. Those unplanned shutdowns occur, in turn, because 

out of lack of maintenance performance, (Al-Najjar, 2010). 
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3.9 Plan-Do-Check-Act 

Plan, do, check, act (PDCA) is a cycle that is used for problem-solving that includes planning, 

implementation, follow-up and evaluation, which according to Srivannaboon (2009) is a 

metod used for continual improve the process. 

 

PDCA is defined by Bergman and Klefsjö (2010) as; 

 

Figure 1PDCA 

 

Plan - The first stage is to identify and analyze the current situation. Then make suggestions 

for improvement, prepare options, which are then evaluated to create a plan for the solutions.  

 

Do - Then selected proposal is implemented.  

 

Check - Data is collected to follow-up the results of implementation, success or failure.  

 

Act - If implementation-fail occur the cycle starts and new proposals of improvements are 

given, this is a way of learning, in order to prevent similar errors in the future. If successful 

determine the new standards and changes that will include improvement of the process   

Plan 

Do 

Check

Act
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3.10 Maintenance Function Deployment (MFD)  

Maintenance Function Deployment (MFD) is developed as a complementary tool to the 

quality house (QFD) together with the concept of TQMain. MFD complements step 3, process 

design phase, in order to achieve a more efficient production process since, QFD not define 

how to achieve efficiency. MFD identify, eliminate and quantifies the losses the company's 

profits, to maintain the maintenance requirements and achieve business goals cost-effectively. 

The focus of MFD is on maintenance and what affects the overall equipment efficiency 

(OEE), in order to systematically approach the problem in the process. (Al-Najjar, 2011).  

 

These six characteristics are according to Al-Najjar (2011), out from a maintenance 

perspective, the most significance maintenance point of view to the production process; 

 

1. Consequences of failure and unplanned downtime, leading to financial losses and 

risks.  

2. Condition of producing machines and supporting machinery 

3. Production rate of high quality items and the economic losses per one-hour production 

stop and per one scrapped item 

4. Maintenance competence and experience available in the production department 

5. Type of production machines, production and rotational speeds, and loading 

frequencies 

6. Working environment 

The model works from behind in four stages, where the matrix in left column show “Whats”, 

as what should be achieved, and the top row consists of the "Hows ", as in how to achieve. 

The model is working systematically to find the root cause of the loss categories, where the 

weight of each what is allocated to how the situation is perceived in relation to “How 's”. 

Percentage number creates a priority list of the steps required for improvement. After each 

phase, the " Hows " moved down and become " Whats ", new " Hows " will then be identified 

as the previous phase and new " Whats " will be awarded along with the new situation of " 

Hows " , (Al-Najjar, 2011). 

 

Figure 2MFD 
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This arrow indicates fashion trends backwards, from the company strategic goal to 

integrations factors that support (Al-Najjar, 2011). 

The second arrow shows the real integration, starting with the factors necessary to 

achieve corporate strategic goals(Al-Najjar, 2011). 

1. In the first phase an identification of the desired outputs to be achieved are made, 

maintained and improved to a certain production station , these can be compared to the 

six previously mentioned categories ,quality, delivery, competitive price, eco -friendly 

production and machine safety. These requirements combined with the “Hows” are 

necessary to achieve, maintain and improve the company's strategic objectives for the 

specific station or process. 

2. In the second phase, the new “Hows” presenting the tools that are necessary to attain, 

maintain or improve the “Whats”. 

3. Then “Whats” in, the third phase builds on the tools described in Phase 2, it means 

that the new “Hows” will consist of the activities that are needed to use these tools 

effectively. 

4. In the last phase, they move needed to play the “Whats” thus consists “Hows” of the 

factors necessary to support the integration of the maintenance of the company's 

facility, (Al-Najjar, 2011). 

 

3.11 Decision Matrix 
MCDM is a set of tools there the Decision Matrix is used by apply selection of solution in 

relation with different criteria to objective get a choice. Different types of criteria can be 

economic, environmental or technical aspect, those weighed by importance of specific factors. 

First step of the Matrix is to determine the goals for the decision, what context and what 

alternatives to consider. In next and last step determined relevancy of criteria and decisions. 

High number means that this criterion is more important, ranking is found on how well they 

meet the criteria and the number is then multiplied by the weight of the criteria, where the 

alternative with the highest total is the most suitable. (KOU, LU, PENG, & SHI, 2012) 

Criteria weight Alternative 1 Alternative 2 Alternative 3 

Economical 0.5 X X X 

Technical  0.2 X X X 

Knowledge 0.3 X X X 

Total  1 W*X W*X W*X 
Table 3 Decision Matrix 
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3.12 Integration Definition Language (IDEF0) 
IDEF0 is a modelling tool that is used to give a clear description of the information input, 

output, and resources. Using this tool, the user can systematically illustrate the features, 

information and decisions contained in a manufacturing process, (Chin, Zu, Mok, & Tam, 

2006).  

One disadvantage of IDEF0 is the requirerd experience and knowledge to use the method 

effectively. To avoid misinterpreted it also requires that the user and the reader understands 

the different symbols in the model, (Chin, Zu, Mok, & Tam, 2006).  

3.13 Facility planning 

A facility comprising a number of different departments that are all involved in the 

information and material flow, where interaction between these departments are affecting the 

whole organization. Therefore, the design is out of the process flow is an important part when 

a new type of production should be planned. If a change in the production shall be carried out, 

there are essential questions that should be asked, one of the questions is; this can be done in 

other ways. By constantly working with an improvement establishment is possible to achieve 

higher profitability, (Tompkins, 2010).  

 

According to Tompkins (2010) there are different types of layouts;  

 

 Process layout groups, similar processes such as saws are in the same section, and then 

sent on to the next section (process).  

 Product family layout means that production is divided into different workstations that 

produce certain types of products.  

 Production line product layout, similar to the product family layout but differ in that 

the production is specialized in a particular product that has a high demand and are 

fairly standardized.  
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4 Model development 
The author will in this chapter established a model to systematically solve the 

problem; how it is possible to cost-effectively improve the production flow by applying 

efficient maintenance?  

 

This model has been developed to systematically choose cost-effective maintenance. The 

model is based on PDCA, a problem-solving cycle that aims to continual improve the process, 

(Srivannaboon, 2009), where the model will be created between Plan and Do (figure 3). 

Additional the model supplemented with MFD matrix, based on companies goal shows root 

causes of the problems, (Al-Najjar, 2011) and the Decision Matrix that by various criteria can 

rank the importance of the different options, (KOU, LU, PENG, & SHI, 2012).  

 

The author has chosen to use the PDCA because it’s a well proven model that includes all of 

the steps for solving a problem by identifying and follow up. Additionally the author has 

earlier been in contact with the model and fined it to be very logical starting point for solving 

and diagnosing faults. But I mostly chosen because the model contains a planning, 

implementation, monitoring and evaluation phase, which contributes to a continuous 

improvement, which is an essential part of the model.  

 

MFD is a tool that the author has chosen to bring out the root cause of why the error occurs. 

Author finds the tool systematically in its way systematic way since it highlights and 

identifies the most important areas, which together with the PDCA that contributes to a 

continuous improvement enables a way to improve in maintenance performance.  

 

Decision Matrix the author has selected to logical proceed with the results from the MFD. 

Decision Matrix in contrast to the MFD is not as complex and it allow a quick selection 

process, with simple mathematics the tool ranks the importance. This matrix is by the athor 

established as a logical and fairly easy way to find a solution to the company's problems from 

the outcome of the MFD.  

4.1 The model steps 
 

1. Identify the company’s strategy and goals  

In order to create an MFD it’s important to identify which goals and strategies that are within 

the company.  

 

2. Map the process  

To enable an identification of the possible problems / difficulties that exist within the process 

the author will map the process. The outcome of the process mapping will be used in the next 

step when valuing problems in the process. 26  
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3. Identify the most critical parts in production  

The identification will be based on the process mapping and by gathering previous data. The 

data is collected through history that has been collected and by interview, in order to find the 

stoppages that aren’t documented. By identify which kind of stops, how often they occur and 

their consequences it’s possible to put the problem areas with the highest value inside the 

MFD.  

 

4. Create an MFD  

The company’s strategy and goals in combination with the problem areas of the highest value 

from previous step, will with the MFD be used to find the root cause, this root cause will 

contribute to point the issues. The reason for using problems areas of the highest value in the 

MFD is to identify why the specific problems arise 

 

5. Point issues.  

The outcome from MFD will indicate on root cause, by comparing the MFD result to the 

outcome of the highest value in the process, point out issues and possible solutions. In order 

to get the value of the issues a Decision Matrix will be used to rank the solutions.  

 

6. Decision Matrix  

The author will use Decision Matrix to rank the alternatives, which will provide different 

aspects to the solutions. By determined relevancy of criteria and decisions, the Decision 

Matrix will mathematical rank the alternatives.  

 

7. Cost-effective solution  

In this step the author will compeer the solutions presented in the Decision Matrix and give a 

cost- effective alternative that benefits the company the most. This last part is the final step, 

by critical look at the numbers given in the Decision Matrix be able to pick a cost-effective 

solution.   
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Figure 3Model 

Plan 

Data- stop- presented in empirical findings 

MFD- presented in analyse 

DO 

Define strategy and goals -presented in empirical 

findings  

Map process- presented in empirical findings 

 

Point issues – presented in analyse 

Decision Matrix – presented in analyse 

Solution – presented in analyse 

Check 

Act 
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5 Empirical finings 
The author will in this chapter present information about the company and their process, gather by 

interview and observations.  

Södra Timber Torsås is a saw mill focused on production and distribution of wood (spruce/ 

pine) products to suppliers of construction materials in Sweden, where they have 150 

customers. Apart from the saw mill there is two planning mills and a joinery for tailored 

production based on specific customer requests. The yearly production turnover is 77.000 

m3/year, production capacity is 85000 m3/year. The products material ispine or spruce, the 

dimensions of the spruce is from 16 mm thick, 100 cm wide to 75mm thick and 200 cm wide. 

Pine is from 19mm to 75mm 100cm and 200cm. most of it is standard but special order can 

also be done. 

 

Figure 4 Production process 

5.1 Process 

In the process the timber is first sorted. Logs are delivered to the saw, where debarked and 

dimension, planks outside measurements are sorted out. After sawn, the material rest at the 

dryer 4 to 5 days before transported to the adjustment. The planks are adjusted once more in 

planning mill before the finished goods gets stored in the warehouse. Between each station, 

there is intermediate storage. A plank / board have a value-creating time to 5:19 / 4:15 days, 

with storage, it is a non-value added time at 64.19 days. The deferens between a plank and a 

board is that a plank is the size, the plank is thinner is the board.  

Production 2013 unplanned downtime in the saw, total of 65053 min (8955 stop)  

 log sorting Saw Drying Planning mill  grading 

Operators  2 7 1 7 6 

h/day 12 10  10 10 

between stock 6000 logs 880m3 3860m3 8300m3 6100m3 

Availability 50% 70%  65% 70% 

Planning/ weak 7 1-2 1-3 1-5  

Downtime 2min/owner 15min  0.5h 0.5h 

Set Frequency 15/ days 0.6/days  1.5/ days 1.5/days 

Table 4Production numbers 

 

Timber 
sorted

Saw Dryer Adjustment Planning mill Warehouse Delivered
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5.2 Goals and strategies 
The company’s goals are to achieve increaseproduct quality, production efficiency, deliveries 

on time and at the same time enhance profit margin. This is accomplished through daily 

meetings, alarming if errors occur, by that early as possible be able to rectify faults. 

5.3 Documentation 
All stops that are over a minute documented this by computer. Beyond the stops documented 

in the database, stops that occur are noted on paper. All stops that occur are categorized on 

prepared paper to get an indication when a problem occurs. This paper is not mandatory, but 

rather a basis for short periods to estimate all errors that occur. 

 

5.4 Shifts 
The saw has one and a half shift during the day and one shift during the night (Monday- 

Thursday), the night shift is spouse to correct the errors that has occur and been reported 

during the day. 

When the morning shift starts the error from privies day should have been corrected. When 

problems occurs during the day, the personal correct the errors that occur, when they occurs.  

 

5.5 Problems 
Night shift can’t test the action that they have done, since they are not able to test the 

equipment, this might lead to problems for the morning shift. If the night personal hadmore 

experience and knowledge about the equipment they could check the machines during their 

shift, in order to prevent that an error might occur during the day.  
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Figure 5Sawing process 
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5.6 The sawing process 
The outer step feeder is the part where the logs are transported from outside into debarking, 

when the logs are debarked, they travel through an inner step feeder and through a 

measurement framework that scans the log measurements.Number 1-4 on the image. 

Problems documented on paper (5.3) that can arise;  

 

• (1) Crane Operation - logs stuck in the input and help of a crane is needed, but not if you 

sincerely problems.  

• (1)  Errors put on the timber table - logs ports error, occurs rarely and can be remedied with 

a crane.  

• (1) Double entry - two logs are input simultaneously, occurs and can lead to system 

shutdown.  

• (2) Stop the debarker - bark collected in machine-common and leads to cleaning.  

• Faults in debarker - not common  

• (2) “speta” the strap under bark machine - bark that settles on the belt, actions by removing 

the bark, can lead to destroyed belt.  

• (3) Electrical faults step feeder - not common  

• (3) Oblique stock internal step feeder - oblique stock, common, may be you sincerely, must 

be removed.  

• (3) Sensors in step feeder -must be cleaned  

• (4) Double-stock at the measurement frame-can lead to later problems  

• (4) Restarting the log scanner, computer-long stops, usually occurring 

 

Inside the saw department the log goes through the feeder to edge saw where the log are cut 

vertically and then ejected and feed against splitting saw. Number 5-7 on the image. 

Problems that can arise;  

• (5) Runs on the side of the divider in the border saw - the log is wrong in the saw, corrected 

by pulling the stock, common  

• (6) Stuck driving in edge saw blade - the log is wrong in the saw, corrected by pulling the 

log, change blade, common  

• (6) Boards stuck after edge saw - log jams, can go by descendants stock, otherwise stop and 

pull out, a common occurrence.  

• (6) Sideboards in edge saw - planks from the log jams, plain and remedied by stopping and 

picking away.  

• (6) Swords Sideboard edge saw double stock - dual messes after edge saw, not a common 

occurrence. 
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On the way to sharing saw log are turned 90 degrees to the next vertical sawing, where the 

logs become boards and the edge is that is left get cut off. The boards are then further 

adjustment. In the edge and splitter saw planks occur, the "planks" that do not measure up will 

be downgraded and by a lower band transported to becoming shavings. The planks that are 

within the measurement carry on through measurement bark to the same department as the 

boards to be adjusted. Number 8- 14 on the image 

Problems that can arise;  

• (10) Inclined at sideboard splitter saw sword double stock - not common to occurrence.  

• (10) Jamming splitter saw - ordinary, pull out, switch blade. 

•(10)  Board separator - get stuck and end up wrong, common.  

• (10)  Buffer are skewed, a common occurrence.  

• (2-12)Chip-much shavings in the machines, common, leading to stoppages, cleaning.  

• (6, 10) Oblique / dull blade - attrition, changed when the material shows slip of the tongue, 

common, stop production,  

• (1-14) transport chain broken/ defect - caused by error voltage, production stops.  

• (12) Wrong sorting of materials, planks within the proper dimensions can go to get shingles 

and planks that should be sawdust goes to become plank, common occurrence.  

• (1-14) Human error - occurs of different causes and can have different consequences 

depending on the situation. 

 

5.7 Essential problems 
The company's documentation (stop longer than a minute) shows that the following areas of 

the production are most affected by the errors that occur.   

 timber input  

 edge saw  

 splitter saw  

 buffer  

 edger  

These errors will be analyzed in the MFD, where they will be in the first and second step 

to show its effects and impact in production. 
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5.8 Possible alternative proposal after interview with staff 
The night shift needs to receive more training in order to learn how to operate the machines in 

the degree to test the actions that has been corrected during their shift. When an error is 

reported during the day and become fixed during the night shift, it should be a test round 

made, in addition to misreporting should the night shift also check the machines in the saw, 

this as preventive maintenance, so that the morning shift get the best possible conditions.  

Staff during the morning shift is responsible for taking a round in the morning where the 

equipment is checked through before the machinery starts, in order to find errors that may 

occur during the day and prepare for an upcoming maintenance.  

Line changes to a straight track, the refurbishment of the work to get a more optimal flow by 

improving the layout of the workplace. 

 

  



34 
 

6 Analysis 
In the analyses part the model presented in chapter four is going to be applied on the 

company. By using the model step by step together with the theory and the empirical findings 

the author will be able to answer the question; how it is possible to cost-effectively improve 

the production flow by applying efficient maintenance?  

6.1 Step one- goals 
The company’s strategies and goals are to; 

 Enhance product quality 

 Increase production efficiency 

 Enhance delivery performance 

 Increase profit margin 

Within the sawing process, this means that all the machines in production needs the right 

maintenance at the right time, in order to maintain the correct dimensions and thereby 

maintain quality, to prevent rework and error costs. 

6.2 Step two- mapping the process 
This step is documented in the empirical findings in figure 5.  

6.3 Step three- essential problems 
Parts of production that are most affected by the errors that occurring timber input.  

 edge saw  

 splitter saw  

 buffer  

 edger  

These parts are according to previous data and documentation given by the company the 

main part affected. 
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6.4 Step four- MFD 
The MFD is used by first distribute 100% to the categories under the importance of 

Whats, then to be distributed beneath categories "target value", which will result in 

importance of Hows percent.This importance of Hows is in turn is taken to the next phase 

where it becomes importance of Whats.  

 

 

 

 

 

Figure 6 MFD explanation 

Phase one  

In the first section the author has chosen to highlight the essentialproblems that the company 

has documented (stop longer than a minute), this problems are put into respect to the 

companies goals. The MFD has been created by the author together with engineers working at 

Södra in Torsås,to identify the importance of “Hows” and “Whats”. 

 

 

 

 

 

 

The figure demonstrates the most critical problem areas when the company’s goals are to be 

achieved. This image shows that the split saw are one of the most significant problem area, a 

part of the production that appear to be a quality problem.   

Figure 7 MFD first step 
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Phase two 

This step is a continuation of the first stage where the problems are related to requirements 

that need to be achieved. 

 

 

 

 

 

 

 

Figure 8MFD second step 

The second step shows what each problem is depending requirements within the process and 

indicates that the problem occurs mostly because of the machines and the tools used within 

the production.  

Phasethree 

Thisstep focuseson the tools to maintain conditions of the requirements.  

 

Figure 9MFD third step 

The outcome of step three points out that lack of effective maintenance policy and lack of 

standard and instructions for doing maintenance properly are the tools that need to be 

improved,inorder achieve the requirements within the process. 
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Phase four 

In the step an effective utilizations for the tools are formulated 

 

 

Figure 10MFD fourth step 

This indicates that training for enhancing competence of operations and maintenance staff and 

lack of data and knowledge are the activities that are of most significance with respect to the 

tools to preserve requirements.  Technique of monitoring production rate and cost-effective 

production planning are not as high rated but still a important factor to utilize the tools.  

  



38 
 

Phase five 

This step concludes the factors that are required to support integration of maintenance within 

the plant.  

 

 

Figure 11MFD fifth step 

The image shows a distribution that indicates that all factors to support integration of 

maintenance within the plant affects activities that are necessary for utilization, but the most 

important factor is strategic plan of integrating maintenance with plant business and suitable 

knowledge and experience in the production machines and process.  
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6.5 Step five-options 
The MFD shows that the company has; 

 Lack of strategic plan for integrating maintenance with plant business 

 Lack of capital for integrating maintenance with plant business 

 Lack of suitable knowledge and experience in the production machines and process 

 Lack of criteria’s for selecting tools, methods and policies for cost-effective 

production and maintenance planning and monitoring 

The author has therefore chosen to use the following options to valuate in the Decision 

Matrix  

1. The nightshift will do more maintenance- Since the nightshift knowledge to perform 

failure based maintenance are lacking they need to gain more training and better 

understanding of how the machines work. They can thereby through more knowledge 

test the machines during the night, while they perform failure based maintenance. 

During the night shift, preventive maintenance can also be done by allowing the staff 

control the equipment, to prevent that errors occur during the subsequently shifts, 

which will result in a more efficient work flow.  

 

2. Let the staff do the maintenance before morning shift starts- The morning staff have 

the knowledge to make checks every morning to prevent errors during the day. If each 

shift begins with a control round the staff can easily prevent some of the errors occur 

during the day. By implementing these maintenance actions the company will enhance 

a more cost-effective maintenance strategy.  

 

3. Make a reconstruction-Invest in new facilities and equipment in order to optimize 

the flow. As the design for the saw is not the most optimal a reconstruction could 

results in a more streamlined flow. By constantly working with an improvement 

establishment is possible to achieve higher profitability, (Tompkins, 2010).  

6.6 Step six- Decision Matrix 
In the Decision Matrix the author will evaluate the alternativs with respect to the 

company’s goals, the weight is taken from the MFD and the alternatives are going to be 

rank with 1-5, where 5 is high and 1 is low..   

Criteria Weight Alternative 

1 

Alternative 

2 

Alternative 

3 

Economic  0.1 3 5 1 

Quality  0.6 5 5 3 

Efficiency 0.25 5 5 4 

Delivery  0.05 4 4 3 

Total 1 4.75 4.95 3.05 
Table 5Decision matrix evaluation 
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6.7 Step seven–cost-effective alternative 
Out from the Decision Matrix the author analyze the alternatives to find the most cost-

effective option, consequently the alternative that will be presented as the solution to the 

problem.  

The alternative with the highest point are alternative 2- maintenance before morning shift 

starts. The alternative is easy to implement since the staff already are doing maintenance 

on the machines once a week and therefore not time consuming, an easy way to improve 

maintenance with limited resources.  

The alternative with second highest score and not far from the alternative 2 is alternative 

1- Get the nightshift to do more maintenance. In the long run this option are the most 

suitable since the night shift skills are not sufficient in all situations. After interviews the 

author perceives the situation as to their lack of knowledge about how machines are 

running, affects the failure based maintained that they have in their responsibility to fix, 

which in turn leads to difficulty at the morning shift. These errors, through training do not 

need occur, if the night shift by more knowledge can do preventive maintenance.  

Option with the lowest score is option 3- remake the line. By making the design of 

premises and replace certain components in saw the line, you can streamline the process. 

This option is both expensive and time consuming, while it is difficult to prove in advance 

the positive result.  

The alternative the author think that the company should chose is alternative 1, even if it 

was ranked the second place, it is ultimately the best option, since knowledge of the error 

based maintenance also needs to be improved among the night shift workers. If night shift 

personal gaining more knowledge they will be able to prevent errors that previously 

caused unplanned downtime during the day.   
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7. Results 
In this chapter the author will present the results based on the previous chapter analysis and 

also the general result of the study. 

7.1 Main result of model application 
By applying the model three solutions has disclosed. The solution, option 2 can easily and 

quickly be implemented within the company without any major expense. In longer term 

option 1 will be the most suited alternative since the interviews discloses a lack of knowledge.  

 

The main purpose of this study is to develop and test a model of a case company to cost-

effectively improve the process by efficient maintenance. The model aims to improve the 

company's financial gain as well as customer satisfaction. Systematic the model step by step 

clarify the major problems that are arising in connection to the production process. The tool 

MFD breaks down the problems and can thereby give us the root causes of why the problems 

arise. The Decision Matrix analyzes potential solutions in different perspectives, which 

contribute to simplify how the user should proceed. Nevertheless MFD requires some 

knowledge and the model requires previous data, to increase the reliability of the study. 

Application of the model refers to poor documentation of the case company stops when only a 

stop longer than a minute are documented, this means that the reliability of result are lowered.   
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8. Conclusions and recommendations 
In this chapter the author draws conclusions of the study and a response regarding the 

problem formulating. Here, also criticized the developed model will be given, as well as 

suggestions and recommendation for further research. 

8.1 The formulated problem 
The formulated problem for this thesis is how is it possible to cost-effectively improve the 

production flow by applying effective maintenance?  

By developing a model that systematically highlights the fundamental reasons for the stop and 

maintenance deficiencies, an efficiency program to improve production flow can be 

implemented. In order to implement improvements documentation and analysis are required, 

identify where root cause of every problem occurs in a process. It´s important to know what 

affects the different parts and what stations are in relation to each other. By using all of the 

steps in the model, collected data, clarify root causes, get suggestions on solution and 

weighing the various relations to the different perspectives, such as finance and knowledge 

it’s possible to cost-effectively improve the production flow by applying effective 

maintenance. The model is logic in its way of using and with the MFD it’s easy to point out 

root causes, which is required when to identify where improvements are most needed. The 

outcome analyses in the Decision Matrix make it easy to clarify what actions should be used 

and considered, given perspectives in the Decision Matrix.  

8.2 criticism 
Assigned to the models many positive qualities author also finds weaknesses that the user 

should be aware of.  

 

Step one- goals  

Given that both the strategy and objectives (as in this case) can be difficult to define to the 

model's accuracy and thereby results in the set. 

  

Step two- mapping process  

Equally to step one, step two correctness differs depending on the type of information given / 

stated.  

 

Step three- problem areas  

Then the third step is due out previous data, this report only included the documented stops, 

i.e. those stops that are longer than a minute. This may mislead the Root Cause and real small 

problem.  

 

Step four- MFD  

The tool MFD is a good approach asset ways to analyze the forward rotor things, however, 

this requires tools a particular entry. The author also claims that the tool's accuracy is not 

100% may refer to the root cause, but rather is an indication of where the problems lie, refers 

rather than precise. 
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Step five-options  

To deduce the result implies a personal interpretation. The author believes that own thoughts 

and preconceptions can be linked to results. When MFD utility refers to the author's expected 

results finds the author that the results of the report are reasonable.  

Step six- Decision Matrix  

Decision Matrix is used in the report to rank the importance of the company's objectives in 

relation to the alternatives. The accuracy of the rankings can be discussed when the author 

chose to do this ranking without company. Decision Matrix like MFD can´t provides a 100% 

correct raking, it’s rather is a reference.  

Step seven –cost-effective alternative  

Where a solution is to be presented, the author has chosen to give a short and a long term 

solution. The author believes that there is not only one way to solve the problems, the report 

refers only to the possible suggestions. Therefore, the companies, based on their own 

circumstances are able to choose a suitable solution that fits their current situation.  

8.3 Future research 
For future research the author suggest testing the model on more businesses to improve 

generalization and increase the validity, also investigate possible tools that could be use in the 

model. In addition make financial calculation for the different solutions compared in Decision 

Matrix.  

8.4 General recommendations 
In general, the author recommends that companies need to know the root causes of their 

problems in order to find possible solutions to use this model, as it points out maintenance 

deficiencies.  

8.5Company recommendations 
Since of the unplanned shutdowns occurs due to poor planning and lack of knowledge the 

author recommended the company to train staff in maintenance to ensure that the right skills 

are in the right place and especially on all shifts. In addition an economic calculation out the 

two options writer suggested should be done to show which of the options that suits the 

company best in the long run. 
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