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Abstract 

In today’s society it is increasingly important for production companies to reduce waste 

during production to gain as much profit as possible. This leads to companies implementing 

techniques such as Total Productive Maintenance (TPM) and lean to various degrees. These 

techniques use different kinds of tools to continuously improve every process they are applied 

to.  

The purpose of this master thesis is to reveal the amount of time wasted during a scheduled 

maintenance and show how much that can be saved. The focus during the scheduled 

maintenance will be on reducing the setup time by converting internal setup time to external 

setup time. The company produces their products in batches to customer orders.    

As a part of the thesis, a literature study was performed to gain enough knowledge about lean 

and TPM. The literature study explains what lean is and informs on how a “lean mentality” is 

needed for implementation. After the mentality requirement has been revealed the tools 

needed to implement lean are presented. TPM can in some cases be seen as a tool to 

implement lean but it includes other lean tools as well.  

After analyzing the data gathered during the master thesis, it is concluded that the source of 

the waste comes from many different parts of the scheduled maintenance. The two biggest 

sources of the waste are a lack of planning and the need to blast the machine parts. Multiple 

solutions are suggested. The suggestions focus on different parts of the waste problem to in 

the end eliminate all of the waste.  

The company choses to implement some actions to start organizing the work stations better 

and to simplify the planning. These are a scheduled maintenance wagon to organize and store 

all tools needed and a planning tool to reduce waiting time that can occur during production.  

After implementing lean, it is clear that the company can increase their value added time even 

further. This increase in value added time can continue to rise if the company decides to fully 

evolve in to a company with a lean mentality.  
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Sammanfattning 

I dagens samhälle är det mer och mer viktigt för företag att minska förluster i produktionen 

för att gå med så mycket vinst som möjligt. Detta leder till att företag implementerar tekniker 

som Total Productive Maintenance (TPM) och lean. Dessa tekniker använder olika verktyg 

för att kontinuerligt förbättra de processer som de är applicerade på.  

Syftet med detta examensarbete är att ta reda på hur mycket tid som slösas då företaget 

genomför ett planerat underhåll på sina maskiner samt hur mycket som kan sparas in. 

Fokusområdet under det planerade underhållet kommer vara att minska den tid då maskinen 

står öppen genom att konvertera intern ställtid till extern. Produktionen som iakttas är en 

batchproduktion som tillverkar till kundorder. 

Som en del av examensarbetet så utfördes en litteraturstudie för att införskaffa den 

nödvändiga kunskapen om lean och TPM som behövdes. Litteraturstudien förklarar hur 

företaget behöver ha en lean mentalitet för att kunna implementera lean och dess verktyg på 

bästa sätt. Efter mentaliteten presenteras även de verktyg som kommer att användas under 

examensarbetet för att komma fram till ett resultat.  

Efter att ha analyserat produktionen är det tydligt att förlusterna kommer från många olika 

delar av det planerade underhållet. De två största källorna är en brist på planering samt 

behovet av att blästra alla delar medans maskinen är öppen. Flertalet förbättringsförslag 

förslås och varje förslag fokuserar på olika delar i det planerade underhållet.  

Företaget väljer att implementera några lösningsförslag och börjar med de lösningarna som 

organiserar arbetsstationen och förbättrar planeringsmöjligheterna. Två implementeringar är 

en vagn som ska användas till det planerade underhållet, där alla verktyg som behövs ska 

förvaras. Samt en planeringstavla som ska minska risken för kö i till exempel 

blästringsstationen.  

Efter de första implementeringarna och undersökningarna som genomförts är det uppenbart 

att företaget kan minska sina förluster ännu mer genom att fortsätta implementera lean.  
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1. Introduction 

In this chapter, the master theses will be introduced. The background will give an overview of 

the current situation leading to the problem statement and purpose of the master thesis. The 

method will describe the way this project has been carried out.  

1.1. Background  

In later years it has become more and more important to be able to produce products as cost 

efficient as possible. Because of this, companies may have to evaluate their production and try 

to adapt it to a lean way of thinking. This lean way of thinking is based on maximizing the 

value added time and minimizing waste in the production. Even when a company successfully 

manages to implement lean into their production, the work does not stop there. Working with 

lean is about continuously improving the processes and because of the continuous 

improvement there is always some waste that can be eliminated. 

The company manufactures their products to customer orders with different specifications and 

in various batch sizes. Because of this it is not possible to have a huge warehouse with all 

finished products. This leads to the need of eliminating waste in their production by using 

tools like lean and total production maintenance (TPM). With a quick overview of the waste 

that occur within the company’s production, it is easy to see that one of the biggest wastes 

comes from their scheduled maintenance on the machines they use.  

1.2. Problem statement 

During the scheduled maintenance the machines are out of production for up to a week. 

Therefore, the focus of this project will be to increase the value adding time by reducing the 

time the machine stands still, with a focus on the scheduled maintenance. This leads to the 

goal being whether implementation of a lean and TPM can reduce the waste in the production, 

thus improving the value added time.  

This master thesis will be about eliminating waste in the production by reducing the setup 

time. The reduction will be accomplished by changing the internal setup time to external setup 

time during times when the machine is open.  

Due to different reasons some information will be classified and put to appendix that will not 

be published.  

1.3. Method 

The coming subchapters will describe the different methods used during the master thesis to 

come to the conclusions that were made. 

The methods described are: 

 Observation 

 Literature study 

 Root cause analysis 

 Process mapping 
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 Measurements 

 Implementation  

1.3.1. Observation 

The first week of the project consisted of shadowing operators working in every part of the 

production. During this time the focus was to observe and note initial observations in the 

production where a lean way of thinking and where the implementation of lean tools could 

reduce time wasted. These observations could be everything from the way an operator 

behaves to where needed parts are placed in the work area. This was to give an overview of 

what needed to be focused on while conducting the literature study. 

1.3.2. Literature study 

After the first week of observations, a literature study was performed. During this literature 

study, information focused on lean was chosen and some books focused on TPM as well. 

These were read to increase understanding about lean and TPM to be able to implement that 

knowledge into the project. One of the focuses of the literature studies was on improvement 

work and how to increase value added time by lowering the time that the machines stay down. 

1.3.3. Root cause analysis 

To come to a conclusion on what the root causes of why the scheduled maintenance takes so 

long, a root cause analysis was performed. This was conducted by a cross-functional team 

with operators, maintenance personnel and management. During the root cause analysis 

meeting, the participating members discuss and brainstorm to come to a conclusion. The 

resulting information is then documented with the help of a fishbone diagram to easily see 

every cause and root cause.  

1.3.4. Process mapping 

To allow the reader to more easily understand the flow of the production for this process, a 

process map was created. This map shows the reader when the different maintenances 

scheduled and short, takes place.  

1.3.5. Measurements 

To be able to study the total time that the machine is open and come to conclusions about 

what parts of the maintenance wastes a lot of time, measurements were made. These 

measurements are done to first see how long time every action takes, and to then be able to 

see how much time was saved after improvement actions has been taken. The measurements 

were made with the help of a stopwatch and documented with a pen and paper to later be 

transferred to a table in excel. 

1.3.6. Implementation 

The study resulted in different possible improvement suggestions, some of these suggestions 

will later be implemented to the production. This implementation will show how much of a 

difference the suggested solutions to the wasted time during production. The result is shown 

by comparing the operators work before and after using the suggested solutions.  
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2. Theoretical framework 

This chapter will give an introduction to the theoretical part of the project and describe the 

knowledge that will be used throughout the master thesis.  

2.1. Lean 

This chapter will give an introduction to what lean is while creating an understanding towards 

the tools and philosophy used in lean. This includes the understanding needed to work with 

lean as well as the change in mentality that is required by everyone. This chapter will also 

give an introduction to some different lean tools that can be used to help implement lean in a 

production system.  

Lean is about increasing the value added time in a production by reducing the wastes that 

occur while producing products or providing services. Despite these set goals, lean is not 

something to just implement once, it is a journey towards the prefect production system with 

no waste. This will result in a company being able to use as much as possible of their 

production time as value adding time  

2.1.1. Lean thinking 

Lean is very much about having the right mentality. It is important that all employees 

involved in making a production lean have the right mindset or the changes will not last long.  

It is important to strive after long-term goals even if it is at the expense of short-term goals. 

This is because lean itself is a slow and steady process to improvement. This principle is 

something that can cause companies to fail if they do not have the right mentality. It may be 

difficult for the management to accept the short term losses without many instant 

improvements[1].  

In a lean production, mistakes are seen as opportunities to improve the production instead of 

something that needs to be punished. There is no putting blame on an operator, the actions 

following errors are to find the root cause of the problem not the person on whom to put the 

blame[2]. This means that a company implementing lean does not make fewer mistakes than 

any other company but there is a great difference in the way these different companies deal 

with the problems that occur. This will result in less errors and stops in the production in the 

long run. 

The leaders of a lean company need to act differently compared to leaders of other companies. 

The kind of leader that the company needs depends on the situation. This means that the 

leader cannot always act the same. It is important that the leader listens to the employees to 

make sure that they feel heard and get motivated to keep coming with solutions and 

improvements. This is because it is easier for an operator who is working with lean to find 

areas where improvements can be implemented. It is also important for the leader to take 

notice of the small details in the production and that the leader actually knows at least overall 

what it is all about.  The leader’s authority comes not from the position he has been hired to 

fill, but from his knowledge in the lean principles and the company itself. Because of this it is 

important for the leader to be knowledgeable in lean[1].   
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2.1.2 Lean tools 

There are many lean tools that can be used to implement and maintain a lean production 

within a company. This chapter will describe the tools needed to implement a leaner way of 

thinking to reduce the waste within the production. 

5s 

5s is usually a natural starting point for companies that want to aim for a lean production 

system. This is because the method is seen as easy to use and it results in a clean an organized 

workstation. A well-organized workplace is one of the foundation pillars of being able to 

standardize the work being performed. The method consists of five steps that all begin with 

the letter S, shown in figure 1 below[3][4]. 

 Sort – Sort everything that is in the workplace, identify tools and materials that are 

frequently used and remove things that are not used. 

 Straighten – Give every tool and all of the material its designated place to reduce 

time wasted looking for what is needed. 

 Shine – Continuously clean the workplace. 

 Standardize – Create standards for the three previous points by agreeing on the best 

way of performing the work 

 Sustain – When all the other works is done all that remains is to make sure everyone 

follows the standards that were set. 

 

 

Figure 1 The five steps of 5s work together to improve the workplace. 

  



5 

 

SMED 

SMED stands for Single-digit Minute Exchange of Die and is a method used to optimize the 

time it takes for a machine to get ready for its next run. The name comes from a Toyota 

employee named Shingeo Shingo who worked on QDC, Quick Die Change, with Toyota but 

renamed it SMED when he moved to the US.  The main idea when using SMED is to change 

internal setup operations into external operations as shown in figure 2. This means that the 

goal is to perform as many actions as possible before the machine has to stand still. This can 

be achieved with things like special fixtures and specialized tools. And the goal is, as 

mentioned in the name, to get the changeover time to nine minutes or less[3][5]. 

 

Figure 2 SMED changes the external setup time to internal setup time to increase the value added time. 

Standardization 

When lean is being implemented, the goal should be for standards to be a part of the everyday 

work. Before creating the standards, it is vital to the company that every person that is 

involved is on board and understands why it is good to have standards or they will be hard to 

maintain. As mentioned, creating standards is a part of for example 5s which means that it is 

important to try and achieve a leaner production and then set that as a standard.  

After the mindset to create standards has been established, standards will aid the company in 

its search for waste. First of all, any work that was not as good as the standard will no longer 

be performed and after the standard is in place it will be easier for the company to detect any 

deviations from the standard which means it will be easier to detect waste. A rule of thumb is 

that no process can really be improved until it has become standardized[1].  

The result of working with standards comes down to two things. The first is to get the 

operators to work as efficiently as possible, eliminating any wasted time while producing the 

products and finding the best way to perform the tasks. The other part of creating standards is 



6 

 

in order to be able to continuously improve the processes. This is basically a way to stabilize 

the processes before getting involved in improving them. As an example, whenever 

something goes wrong in production and waste is created the first question to ask is whether 

the standards were followed or not and if it wasn’t that is probably the problem[1]. 

Visual control 

Visual control is an important method used when implementing lean and it is often used in 

combination with 5s and standardization. The visual control helps the management and 

operators to keep track of progress, see machine status, takt time and so on. When using a 

visual control together with standardization it helps with showing if or when the production is 

no longer in line with the standardization. Because of this it is a useful tool to help bring 

otherwise hidden waste to the surface. The visual control can be a lot of things, it can be a 

board showing how the production works, lamps or even sound. At Toyota they play different 

sounds in the speakers depending on for example what station needs help[2]. 

7+1 types of waste 

Once a process is standardized the next step is detecting and eliminating all of the waste. This 

is a job for everyone in the company, from executive level to operator level, to complete by 

working together. Some identified types of waste are Ohnos seven types of waste that were 

created for production but can be applied to services as well. For all of these seven types of 

waste it is important to stop it from happening in the future and then eliminating what occurs 

now[2]. The seven wastes are as follows[3][2]: 

1. Overproduction – Manufacturing more than what is ordered. Finished goods needs to 

be stored in a warehouse which will increase inventory cost. 

2. Waiting – Unused time while waiting for the necessary conditions for example 

materials or information. 

3. Transportation – Transportation is vital to move products from point a to point b but 

any transportation that could be replaced is an unnecessary transport and needs to be 

removed. 

4. Over processing – Manufacturing a part to a higher degree of quality than what the 

customer requires is a waste. 

5. Inventory – excess inventory is expensive as mentioned in the overproduction waste 

but it may also hide errors with the supply chain and long setup times.  

6. Unnecessary movement – Any motion performed by an operator that does not 

contribute to a value adding action is a waste for example if an operator has to walk 

and pick up the tool needed. 

7. Defects – The customer is not paying for defective products. Resources spent on 

repairing defective products that reached the customer is also seen as a waste. 

8. Unused employee competence – The company risks losing an employee who isn’t 

allowed to contribute to improvements and they may miss important value adding 

improvements noticed by workers. 

The different kinds of wastes are shown in figure 3 to give a better overview of how they are 

connected. 
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Figure 3 The different kinds of wastes observed when thinking lean. This helps the once implementing lean to know 

what to search for. 

5 why 

5 why is a method used to discover the root cause of a problem. It works by finding the cause, 

and treating that instead of just treating the symptom. The method works by asking the 

question “why?” five times and each time coming one step closer to the root cause of a 

problem. This method is often used together with a fishbone diagram when performing a root 

cause analysis[3]. To give a more vivid description of how the technique works, figure 4 is 

shown below.  

 

Figure 4 The 5 why technique is used to dig deeper into the problem and the result is the root cause. This helps 

companies to solve problems. 
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Ishikawa cause action diagram 

This is as method used to find all possible causes that may be related to a certain error. To use 

this method, you start by making a problem statement and after that brainstorm to come up 

with different things that could have caused the problem to occur. After brainstorming the 

different causes and the problem are drawn up in a fishbone diagram and each leg of the 

fishbone diagram had a category and from each category the different causes are drawn where 

they belong. This method is often combined with 5 why to come up with the root cause of the 

problem[6].  

If it is deemed too hard to come up with categories there are some generic categories that can 

be used and these are[7]: 

 Management  

 Manpower or people 

 Method or process 

 Machines or equipment 

 Material 

 Environment 

To illustrate how to draw a fishbone diagram figure 5 is shown. 

 

Figure 5 The image shows the way to draw a fishbone diagram with the problem statement to the right and then 

causes divided in to different categories.  

Process mapping 

Process mapping is about detailing the specific actions throughout the process or a specific 

part of the process. This can be done via different kinds of tools like Value stream mapping, 

flow charts or spaghetti diagrams. Because of this, process mapping can be seen as a top level 

lean tool since it uses other lean tools to identify areas of the production that are in need of 

improvements[8]. 
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PDCA 

PDCA stands for Plan, Do, Check, Act. This method is used when working with 

improvements. The method is divided into four phases which are the once mentioned in the 

name[3]. 

 Plan – Plan what needs to be done while defining the customer needs, gathering 

information and finding root causes to errors among other things. 

 Do – If the plan phase is well structured and thought out the Do phase is easy. This 

phase is about implementing the decisions made in the Plan act. 

 Check – Controlling if the changed made in the Act phase were successful y 

implemented and learn what can be learnt from the implementation if the two previous 

phases.  

 Act – The Act phase is about standardizing. If the previous phases manage to achieve 

an improved state this is the phase which makes the new changes sustainable and 

setting the normal production to this new level. 

PDCA is seen as a circle so after the four phases have been completed the circle starts over 

again to once more improve the state of the current system as seen in the figure 6 below[3]. 

 

 

 

 

 

 

 

Figure 6 Plan Do Check Act cycle. This shows how all actions are intertwined and how they are used together. 

2.2 TPM 

A technique used to create a lean workplace is TPM. This is not a specific tool but, just like 

lean, a way of thinking and acting. The difference is that this tool focuses a lot on the 

machines themselves and how to keep them running as much as possible. Basically this is a 

way to increase the machines overall equipment efficiency.  

There are seven different types of waste that are taken in to consideration with TPM. These 

different kinds of waste are mentioned in the chapter about 7+1 types of waste. 

While TPM has a focus on the different kinds of wastes mentioned it also focuses on 

improvement activities for the six major losses within the machine itself. These losses are[9]:  

 Loss due to failure 

Plan 

Do 
Check 

Act 
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 Loss due to Setup adjustments 

 Loss due to brief stops 

 Loss due to speed drops 

 Loss due to defects and rework 

 Loss due to startups 

To avoid these losses, it is necessary to stop the machine on a planned basis and not because 

the machine stopped working. There a few basic activities that can be performed by the 

operator to reduce the risk of the machine breaking down. Firstly, is cleaning and to perform 

this activity it is necessary for the operator to know how to clean the machine. After the 

cleaning the next activity is lubrication and that basically means that the operator has to keep 

the parts which need lubrication lubricated to allow the machine to keep running. After 

lubrication comes tightening which means that the operator has to continuously tighten any 

nuts or bolts to keep them from coming loose while the machine is running and causing the 

machine to break down[4].  

Beyond these basic activities that can be performed by the operator, it is necessary to 

continuously restore any deteriorated functions to their original level of performance and try 

to improve any weaknesses within the machine while also strengthening the operator’s skills 

and possibility to take care of the machine[9]. 

TPM consists of eight pillars that are mostly focused on preventive and proactive techniques 

to increase the machines overall reliability. 

The pillars are[10] 

 Autonomous maintenance – gives the responsibility of routine maintenance to the 

operators controlling the machines 

 Planned maintenance – Maintenance of the machines planned in advanced 

 Quality maintenance – When design errors are detected on the product it results in a 

quality maintenance on the machine to increase the maintenance  

 5s – cleaning up a workplace to clearly see the problems 

 Kaizen – small improvements carried out on continuous basis.  

 Training and education – filling knowledge gaps necessary to achieve the goals of 

TPM 

 Safety, health and environment  

 TPM in administration  

During the project the pillars in focus will be planned maintenance and autonomous 

maintenance together with 5s which was previously mentioned in the lean tools chapter. 
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3. Root cause analysis 

This chapter will describe the root cause analysis performed during the master thesis. 

3.1. Creating the fishbone diagram 

One of the major sources of waste in the company’s production is the scheduled maintenance. 

During the scheduled maintenance the machines do not produce any products for up to a 

week. To find the reason why the scheduled maintenance takes so long to perform, a root 

cause analysis was conducted. This root cause analysis was performed together with a cross-

functional team with operators, maintenance staff and management to get inputs from all 

levels of the production. All information gathered during the root cause analysis was 

documented with a ishikawa diagram, also known as a fishbone diagram, see appendix 1.   

The fishbone diagram is built up by having a problem statement which in this case was “why 

does the scheduled maintenance take so long?”. To find the root cause, the problems named 

by the cross-function team were divided into different categories. These categories make it 

easier to get to the root cause of the problem. The categories used during the root cause 

analysis were[7]: 

 Method 

 Management 

 Machine 

 Man 

 Material 

 Measurement 

The categories were handled one at a time while getting inputs from every person present at 

the root cause analysis to come up with every possible cause for the problem. Every possible 

cause was documented on the fishbone diagram. The cause was then thoroughly analyzed 

with the lean tool “5 why” to get down to the actual root cause.  

3.2. Analyzing the fishbone diagram 

After analyzing the root cause analysis, documented in a fishbone diagram presented in 

appendix 1, it is clear that one of the major reasons for the time wasted during the scheduled 

maintenance is the lack of prioritization from the management.  This lack of prioritization is 

the result of the management not seeing a direct increase in customer value from reducing the 

maintenance time. Getting the management to see the profit from decreasing the time wasted 

during production and uncovering any hidden wastes is one of the advantages of 

implementing lean. 

According to the root cause analysis, there are multiple reasons for why the scheduled 

maintenance takes as long as it does. One reason is the fact that the blasting operation takes a 

lot of time. An easy, but expensive, partial solution to that problem would be to invest in 

another blasting machine. Another solution is to follow a lean way of thinking like SMED to 

change the internal setup time to external setup time. This could be done by designing and 

purchasing spare parts for all simple metal components in the machine that at present time 
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both get dressed in aluminum and blasted during a scheduled maintenance. If the company 

manages to implement spare parts, time would be saved not only from changing the blasting 

operation from internal to external but also from removing the need aluminum foil. The 

aluminum foil acts as a way to protect the machine which in turn reduces the time it takes to 

blast the machine parts. Since the blasting operation in this case would be taking place after 

the machine is closed it is no longer as important to reduce the time it takes. 

Other solutions could be planning when the maintenance needs to be performed and sticking 

to that schedule. This would also include creating a schedule or time table for the entire 

maintenance so that the maintenance crew can plan when to fix the parts that the operator is 

not qualified to fix. To be less dependent on the maintenance crew’s schedule, the operators 

could get further education to get qualified enough to perform more of the actions during the 

scheduled maintenance.  

At the moment there are no standards when it comes to the maintenance. The operators all 

perform the maintenance in their own way and every machine is different. Setting up and 

keeping to standards would be hard and time consuming and most of all require the operators 

to actually follow the standards but in the long run it would increase the value adding time 

without actually forcing the operators to do more work.  

  



13 

 

4. Process map 

To get a better overview of how the production at the company works and when the 

maintenances takes place a process map is created.  

Each order gets machined multiple times with a short maintenance between every machining 

process. During the short maintenance the products gets measured and the next machining 

process is adjusted depending on the results of the measurements.  

After a number of customer orders a scheduled maintenance is performed. This takes place 

with approximately three months’ interval. To give the reader an overview of this process, 

figure 7 is shown. 

 

Figure 7 A simple overview of machining process and when the maintenances occur. This also describes when which 

kind of maintenance takes place. 
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5. Scheduled Maintenance 

This chapter will describe how the scheduled maintenance is working today and what could 

be done to reduce the non-value adding time while the machine is maintained. 

5.1 Current situation 

Today, the operator removes the parts from the machine during the scheduled maintenance. 

These parts, in turn, are covered in aluminum foil to protect them. Despite being covered in 

aluminum foil, the parts still have to be sent to the blasting station, but before that, the 

operator needs to remove the aluminum foil from the parts. The blasting is tedious and hard 

work which could result in the operator having to take many breaks during this operation. 

After blasting, the parts once again get dressed in aluminum foil to then be remounted in the 

machine. The operator also needs to clean the machine and dress the interior walls, which are 

not protected by other parts, with aluminum foil. Multiple times during this scheduled 

maintenance the maintenance personnel needs to come in and perform the actions that the 

operator is not allowed to perform. During the scheduled maintenance, the communication 

between operators and the maintenance crew is very limited and mostly performed by chance 

meetings in the halls.  

The operator does not have all tools necessary to perform a scheduled maintenance within the 

work station. The lack of tools is not planned but the result of bad planning and an absence of 

standards.  

5.2 Measurements 

The focus of the measurement taken during the scheduled maintenance is the time spent on 

actions that could have their time reduced by implementing lean or actions that could be 

removed from the internal setup time. Actions that cannot be removed are actions like 

cleaning the inside of the machine or actually dressing the inside of the machine with 

aluminum foil since it is extremely hard to clean there. 

Measurements have been taken from two different kinds of machine groups, both during 

scheduled maintenance. To give a more accurate estimate of how much the time can be 

reduced, results from both machine groups will be displayed.  

5.2.1 Machine group 1 

This subchapter will describe and illustrate the measurements taken during scheduled 

maintenance of machine group 1. To give an overview of how much of the time that could be 

removed from the internal setup time and changed to external setup time, Figure 8 is shown 

below. The entire scheduled maintenance is currently performed while the machine is open. 
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Figure 8 This chart shows the percentage of the total internal setup time spent on parts that could be external time 

Figure 8 shows that 60% of the total internal setup time is spent on tasks that could be 

handled during external setup time. The percentage of the total time spent on tasks that could 

be external may vary from one operator to another. This means that the total setup time could 

either be lowered or increased depending on the operator performing the task.  Since the focus 

is on the internal setup that could be external, Figure 9 will give a more thorough view of the 

different tasks involved in the scheduled maintenance that could be removed. 

 

Figure 9 Percentage of the total time the scheduled maintenance took separated on the different activities. The 

blasting takes a lot more time to perform than any other action 

Figure 9 shows all different tasks performed during the scheduled maintenance that on paper 

could be changed to external setup time. The disassembling and reassembling refers to parts 

being picked apart for blasting and then put back together again and this action is seen as a 

waste if these parts could be picked apart and reassembled again after the machine is closed 

with the help of spare parts.  
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As seen in Figure 9, the blasting operation is the part of the scheduled maintenance that takes 

the longest and together with the replacement and removal of aluminum foil it stands for 77% 

of the time.  

5.2.2 Machine group 2 

The second machine group consists of machines that are a bit smaller compared to the 

machines in machine group 1. This leads to a shorter amount of time needed to perform the 

scheduled maintenance on this machine group. The percentage of the time spent on needed 

actions is shown in the figure 10 below. During this scheduled maintenance the operator had 

help from other operators sporadically leading to the total time being somewhat reduced. This 

time could have been reduced even more had there been two operators assigned to the 

machine during the entire scheduled maintenance.  

 

Figure 10 The percentage of the total time spent on the actions that need to be internal and those that do not. 

 

Figure 10 shows how the time spent, during this scheduled maintenance, is divided between 

actions that has to be internal and the time, that on paper, could be changed to external. 

Compared to the first machine group the percentage of the total time wasted is smaller. One of 

the major reasons for this is the fact that the machines in machine group 2 do not have 

protective plates covering the sides. The reason that the lack of protective plates reduces the 

time wasted is that these plates are seen as parts that could have spares. Resulting in all time 

spent on the plates during the scheduled maintenance is seen as a waste except for removing 

them and replacing them again.   

To get a more accurate view of what actions are seen as unnecessary and how much time each 

of those actions take, figure 11 was created.  
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Figure 11 The percentage of the time spent on different non value adding activities. Here the blasting and waiting for 

maintenance takes the longest.  

In these graph, the time spent by the second operator has been added to the total time of the 

scheduled maintenance to get a more accurate overview of the time spent. 

When it comes to machine group 2, the blasting is a huge part of the wasted time but 

compared to the other machine group, this scheduled maintenance lost a lot of time waiting 

for the maintenance staff to come. This resulted in tasks done by the operator that could have 

been performed simultaneously as tasks by the maintenance staff, was not and thus that time 

was lost.  

During the scheduled maintenance for both machine groups, none of the operators followed a 

standardized way of communicating with the maintenance staff. This could result in the time 

wasted waiting for the maintenance staff being even longer for the next maintenance.  

This shows that the communication with the maintenance staff and proper planning is of 

utmost importance for a scheduled maintenance to run smoothly. 

5.2.3. Comparison between the different machine groups 

There are a lot of differences between the two machine groups. Many of these differences are 

difficult to compare as a result of the machines layout being different. To make a comparison 

between the different machine groups, the percentage of time spent on blasting and searching 

for tools are shown in figure 12.  
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Figure 12 A comparison between the different machine groups when it comes to time wasted on blasting and 

searching for tools. 

As seen in Figure 12, the blasting takes up more of the time wasted for machine group 1 

compared to machine group 2. This is the result of more and bigger parts in need of blasting 

for machine group 1. The searching for tools difference has to do with the work stations and 

how well they are equipped with the right tools. Every time the operator has to leave the work 

station to search for tools a lot of unnecessary time is lost. 

5.3. Improvement suggestions for scheduled maintenance  

This following subchapter will contain the different improvement suggestions that have been 

considered for each kind of waste during the scheduled maintenance. Any implementation of 

these suggestions will be handled in later chapters. 

Number of operators 

One main improvement suggestion would be for the company to always assign two operators 

to perform a scheduled maintenance. This is something that is done most of the time but needs 

to be firmly implemented every scheduled maintenance. Using two operators instead of one 

would not cut the time in half but it would greatly reduce the time it takes to perform a 

scheduled maintenance. 

5s 

The first thing that should be done is to implement 5s in the production. This would mean a 

removal of any unnecessary tools hanging in the work station at present time. 5s would help 

reduce the time it takes the operator to find the right tools. After removing the tools not 

needed during normal production the tool board would be structured the same way for every 

work station to standardize the production.  
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Scheduled maintenance wagon 

An improvement suggestion that works well with 5s is the scheduled maintenance wagon. 

This wagon would contain all necessary tools to perform a scheduled maintenance and 

because of that those tools would not have to be in the work station during normal production. 

This wagon would be available for the operator performing the scheduled maintenance and 

that operator would be able to rely on the fact that every tool he may need during the 

scheduled maintenance is available on the maintenance wagon. 

There are different kinds of maintenance wagons available and each kind has different 

advantages. During the master thesis, multiple maintenance wagons were considered. The 

first wagon to be considered had a simple design with drawers for the tools and an area to 

work on. This wagon is shown in the figure 13 below. 

 

Figure 13 The first kind of maintenance wagon that was considered[11]. 

The second kind of maintenance wagon to be considered has the same storage and workspace 

capabilities but it also has the possibility to hang a roll of aluminum foil on the side seen in 

figure 14. This would eliminate the time wasted when the operator has to walk to the 

aluminum foul cutting station. The downside is that the roll of aluminum foil cannot be longer 

than the wagon is wide. This is because it would make it a lot harder to handle the wagon and 

move it around the production.  

 

Figure 14 Maintenance wagon with the capability to hang a roll of aluminum foil on the side[12]. 

http://cdn.gerdmans.com/content/images/thumbs/0066023_verktygsvagnar.jpeg
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The last kind of maintenance wagon to be considered during the master thesis has more 

applications than the previous two. The wagon is shown in figure 15 and has the same base as 

the other wagons but as an addition it has a tool board attached on the top to visually organize 

the tools. The wagon also has a lot of boxes that would allow the operators to organize the 

parts easier. The downside to the third kind of wagon compared to the second kind is that it 

lacks the ability to have aluminum foil attached to the wagon. 

 

Figure 15 A maintenance wagon with a tool board to visually organize the tools needed[13]. 

The wagon should be placed somewhere inside the production and that place should then be 

reserved for this exact maintenance wagon. That means marking the floor in some way that 

indicates that it is the correct placement of the scheduled maintenance wagon. 

Better planning 

For the maintenance wagon to work without having to invest in multiple wagons, the 

company needs to be strict with their planning and only perform a single scheduled 

maintenance at any given time. If this is not done, the operators would have to move even 

more than they do now and the wagon would be a negative implementation. Today, the 

company tries to have a single scheduled maintenance at a time but since they produce to 

customer orders, an increase in orders can change their maintenance plans. 

A new whiteboard placed in a central location of the production with information about when 

operators plan to use the blasting station and the measurement station would reduce the waste 

by preventing queues. On this board, the operators would be able to show when they will be 

using for example the blasting station so that if another operator ends up needing to use the 

station at the same time they can plan for it. 

Spare parts 

The greatest reduction in waste can be achieved by purchasing and manufacturing spare parts 

for the machines. This is because, as shown in Figure 9 and 11, one of the operation that takes 

the longest is the blasting operation. This blasting operation is now performed while the 

machine is still open, the optimal solution would be to be able to perform this action after the 

machine has started again. If the machine had spare parts, the operator would be able to 

disassemble the machine, do all necessary operations but instead of blasting the old parts the 

http://cdn.gerdmans.com/content/images/thumbs/0041925_mobil-verktygsvagn.jpeg
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operator could mount the spares instead. Implementing spare parts would not eliminate the 

entire need for the blasting station since some expensive parts also have to be sent to the 

basting station, but it would greatly reduce it.  

Because of the way the production works in the company, the operators have a lot of spare 

time between batches. The machines need about one and a half hour to heat up before 

production can start again after an opening. During this time the operators could go to the 

blasting station and blast some of the parts from the scheduled maintenance. All that would be 

needed for this to be possible is a storing area close to the blasting station for the parts and the 

willingness of the operators in the company to do the work required. The information about 

whether there are parts in need of blasting or not could in turn be shown on the previously 

mentioned whiteboard.  

Another way to handle the blasting needed could be to do as the company does in its other 

facility, where they send the parts off to another firm to have them blasted. But this would 

require logistic solutions that are not as reasonable in this facility as they are in the other 

factory. As another down side to this option it would also cost the company money to hire 

another company to perform the basting operation compared to having the workers do it 

themselves. 

Yet another reason for the spare parts would be the reduced need for aluminum foil on the 

parts. Today the parts get dressed in aluminum foil to reduce the coating that ends up on them 

but they still get sent to the blasting station. With spare parts this aluminum foil dressing 

process could be removed. This would save the operators time when it comes to dressing the 

parts in aluminum and reduce the money spent on aluminum each year.  

A second blasting station 

Today, it is possible to purchase a new blasting station to decrease the time wasted when a 

line is formed because multiple operators wants to use the blasting station at the same time. 

This line could also be reduced by the use of the previously mentioned whiteboard but it is not 

a guarantee that all queues will disappear. This solution would not be needed in combination 

with the spare parts for the machines since the spare parts can be blasted at any time and 

should therefore not be the cause of a line. 

Templates for the aluminum foil 

Even if spare parts were implemented the operator would still have to dress some parts of the 

machine in aluminum. These parts could be cut prior to the scheduled maintenance, for 

example when the machine is cooling down or at any other time. To be able to cut these parts 

of aluminum foil before the machine is open, every work station should have a template for 

the aluminum foil pieces that they will need during the scheduled maintenance.  
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6. Short maintenance 

When it comes to the short maintenance, nothing can be done to decrease the time as 

drastically as with the scheduled maintenance but since the short maintenances are done 

frequently, any slight reduction in waste will lead to a great reduction when looking over a 

longer period of time.  

There are different kinds of openings during production. It can either be to simply refill 

material; changing side to be processed on the product or after a batch is done.  

6.1. Measurements 

There are many different kinds of machines in the production and every operator performs the 

tasks during a short maintenance in a different way. To get a good overview of how much 

time is wasted during the short maintenances; measurements were taken and compiled in 

figure 16 to easily analyze what tasks that result in the most wastes.  

 

Figure 16 shows the amount of time wasted during short maintenances. The blasting rarely occurs but when it does it 

takes more time than the other actions combined.  

As seen in figure 16 the action that causes most of the wasted time during the short 

maintenance is blasting while the machine is open. This is a task that is unnecessary because 

the company has spare parts for all parts that get changed during the short maintenances and it 

is already said that these parts should be blasted after the machine is closed again. Instead of 

blasting the pieces while the product is cooling off the operators should actively cool the 

product down with an air gun to save as much time as possible.  

Filling the material source is something that should be performed before the machine opens as 

it is but because of bad planning the operators may have to perform the action while the 

machine is open instead.  

The waste that comes from searching for tools is the result of a lack of standards and 

organization. The cleaning on the other hand is a task that has to be performed no matter what 
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but the time spent on it could be reduced. This reduction comes from using less aluminum 

within the machine. The longer the aluminum stays in the machine, more parts will fall off 

and be in need of cleaning up. If on the other hand the amount of aluminum can be reduced, 

this extra time spent on cleaning is seen as a waste. 

6.2. Suggestions for improved short maintenance 

The improvement suggestions regarding the short maintenance will be listed in this 

subchapter.  

5s 

The main thing to focus on when it comes to the short openings will be to standardize and 

eliminate anything that is not necessary. This standardization will help other operators to be 

able to take over the work in the cases where an operator becomes ill or is working with 

something else. The removal of unnecessary parts and standardization will reduce the short 

amount of time wasted when operators look for the tools they need. It is also noted that the 

operators have an entire rack of tools in their works station but only use a handful during 

normal production. As mentioned in the 5s chapter about the scheduled maintenance these 

unneeded tool will be placed on the scheduled maintenance wagon.  

In some cases, the operators are actually missing tools in their work stations so while 

standardizing these missing tools would have to be added to each work station.  

Spare parts 

If, as mentioned in the chapter about the scheduled maintenance, the company decides to 

invest in, and implement, spare parts for all easily exchanged machine parts the short 

openings could get reduced even more. The time saved is the result of the reduced need to 

clean the machine with each opening. When the machine is dressed in aluminum, it has an 

increased need for cleaning the longer the aluminum has been in the machine. This is because 

small parts of the aluminum may fall off after a while. The removal of aluminum would of 

course increase the layers of coating on the actual parts of the machine but they do not 

deteriorate like the aluminum does. And the resulting increase in time operators would have to 

spend blasting the parts does not contribute to waste in the production. 

Planning 

Also, as mentioned in the previous chapter, a new and better planning system would reduce 

the risk of operators having to use the blasting or measuring station as the same time. It would 

not completely remove the risk of it happening since two or more operators may have to open 

their machines at the same time but it would allow the operators to know beforehand that 

there could be a queue and allow them to plan for it and use their time more efficiently.   

This planning system could either be a manual one with some kind of whiteboard, placed at a 

central point of the production where the operators can write when they will need to use the 

different machines. It could also be a digital calendar but, if a digital calendar were to be used 

it would need to be hooked up to the computer standing in the production and then relayed to 

some kind of screen, in a central point of the production, so that everyone can see the 

planning calendar. 
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When standardizing the work for opening the machine it will be included that some 

operations can be performed before the machine is actually open. When an operator has to 

refill his material source it takes around 5 minutes but this operation can be planned in 

advance and the operator can go and perform it while the machine is cooling down. This 

works because the machines always have to cool down before being opened and the cooling 

operation does not need to be supervised by an operator.   

When the fixtures are removed from the machine, they are too hot to measure. This naturally 

means that they have to cool down before further work can be done. During this time the 

operator can perform tasks that have to be done before starting the machine again. These tasks 

are to refill the material in the machine and cleaning it. This time should not include blasting 

the parts of the machine that are being changed regularly since spare parts already exist. The 

operator should, after performing the tasks that are needed to close the machine again, use 

tools that are at their disposal to cool the fixture off. If this is not done and the operator only 

waits for the fixtures to cool off by themselves up to 20 minutes will be wasted.  
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7. Implementation 

After considering the improvement suggestions, the company chose to implement some of 

them. These implementations will be described in this chapter and the result whether or not it 

was a successful or not will also be presented here.  

7.1. Scheduled maintenance wagon 

The company chose to implement the suggestion with the scheduled maintenance wagon, 

where all tools that are needed to be able to perform a scheduled maintenance are located. The 

wagon, shown in figure 17, consists of two main parts. The first part is the bottom, which in 

actuality is the wagon itself, which has 5 drawers and a cabinet for storage together with an 

area to work on. The things being stored in the bottom part of the wagon will to begin with be 

everything that the operator uses during a scheduled maintenance that is not tools per say. For 

example, scotch bright or clean room cloth can be stored in the bottom half.  

The second part of the scheduled maintenance wagon is the top part which consists of a tool 

board, a rack for small boxes and a shelf. The tool rack will have all tools needed to perform a 

scheduled maintenance while the rack and shelf will have boxes upon them. These boxes are 

there for the operator to place all small dismantled parts in. This is a task that can be even 

more standardized by marking the different boxes with specific part names.  

Even without marking the boxes with specific part names, giving the operator a place to put 

all small parts during a scheduled maintenance will still be an improvement to the current 

situation. In the current situation operators place parts all over the work station where they 

have found a place they like. 

 

Figure 17 The scheduled maintenance wagon that was chosen shown without all necessary tools 
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7.2. Tool board 

Since the company has invested in a new scheduled maintenance wagon, the tool boards in 

every work station will be reviewed so that only the tools needed during normal production 

will be available. All tools needed during the scheduled maintenance will be placed on the 

wagon.  

The implementation part for the tool boards is the result of the lean tool 5s where all 

unnecessary things are removed and the remaining once are standardized.  

After the implementation of 5s, all tool boards are organized, placing the same kind of tools in 

the same position on every tool board. The tool boards will still differ slightly from station to 

station, the reason for this is that some machines use unique tools.  

To show exactly where every specific tool needs to be placed an outline of the tool should be 

marked on the board. This will help the operators see where they should replace the tools and 

will also help identifying any missing tools. See figure 18.  

 

Figure 18 An example of how a tool board can be marked to show the operators where all tools should be placed [14] 
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7.3. Planning tools 

As a new planning tool, the company chose to implement a whiteboard hanging on a wall in 

the production. This whiteboard is created to reduce the risk of operators standing in line for 

the blasting or measuring station.  

The whiteboard, shown in figure 19, consists of a table with every different machine on the 

top and hour intervals from the start until the end of the day on the left.  

 

Figure 19: Whiteboard showing when operators will use the blasting or measuring station 

To use the whiteboard, the operator takes the magnets needed from the right column, blue for 

blasting and yellow for measurements, and places them on the appropriate position. In the 

image, an operator has already placed a magnet, this shows that the operator from machine 4 

needs to use the measuring station between 9 and 10 am.  

7.4. Standard 

As mentioned in the theoretical framework, it is important to create standards to be able to 

eliminate waste. Because of its importance, standards will be implemented in the production 

of the company. This chapter will describe how the standards were created.  

There are different kinds of standards; the first kind that has been implemented is to make 

every cell standardized. This means, as mentioned before, to rearrange the tool boards in each 

works station to look the same. As a result, this will reduce the time it takes for the operator to 

find tools during all the short maintenances.  

The second kind of standard is a method standard, these standards describes the way that tasks 

are performed during production to ensure all operators work the same way. To create this 

standard, it is important to include the operators since they know the tasks they perform the 

best. The end result is supposed to be the best way to perform the scheduled and short 

maintenances by implementing the best ideas from all operators[3].   
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To follow the instructions on how to create a method standard, the operators were consulted 

to ensure that the standard contained the right information. Two standards for how to perform 

an action were written down. These two standards were created for the scheduled 

maintenance and the short maintenance. The main goal was to get every operator to work in 

the same way and to change as much of the interior setup time as possible to exterior setup 

time.  

7.4.1 Standard for scheduled maintenance 

The standard, which is included in appendix 2, describes the actions that should be taken 

before the machine opens, while the machine is open and after it is closed again. The standard 

for the scheduled maintenance focuses a lot on helping the operator with the communication 

between operator and maintenance crew since a lack of communication between the two can 

cause a lot of extra down time.  

Before the machine opens, the operator should mark the machine as down, which means 

walking into the office where there is a board that the operators can use to let management 

know whether or not their machine is in action or not by marking it as green or red. After 

changing the status to red, the operator should get the newly implemented scheduled 

maintenance wagon which includes all tools needed to perform the maintenance. The next 

action for the operator would be to pre-cut the aluminum foil pieces that will be needed 

during the maintenance. The first time this action is taken the operator will have to create 

templates for the parts of aluminum foil needed. The last thing that needs to be done before 

opening the machine is to make sure there are two operators available to perform the 

maintenance.  

An important note about the actions that should be performed before the machine is opened is 

that they should be performed before the machine can be opened. As soon as the actions are 

being performed while the machine could have been opened, they count towards the internal 

setup time. It is essential to use the time the machine is for example cooling down to perform 

these actions.  

The tasks performed while the machine is open are described in the standard but not in detail, 

the standard focuses more on urging the operator to communicate with the maintenance crew 

in time so that they know when they can come in and perform their work. 

After closing the machine, the operator has to return the scheduled maintenance wagon to its 

original place, clean the workstation and change the machine status back to green. An action 

that the operator may have to take in the future, if spare parts are purchased, is to mark on the 

whiteboard that there are spare parts to be blasted and if there is time, go and blast them.  

7.4.2 Standard for short maintenance 

The focus of the short maintenance standard is to let the operator know which order the tasks 

should be performed.  

Before the machine is opened, it is important that the operator makes sure that all needed tools 

and materials are available. After making sure that everything is available, the operator needs 
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to use the planning whiteboard located within the production. This lets other operators and 

management know when the blasting and measuring station is available.  

While the machine is open, the standard describes the tasks that the operator needs to perform 

in order to complete the maintenance.  

After the machine is closed the operator needs to blast the changed parts, and if this is done 

the operator needs to make sure that this action is marked on the whiteboard. When done with 

the blasting the operator needs to remove the magnet from the whiteboard to show the other 

operators that the blasting station is free.   

8. Discussion and conclusion 

The goal of this master thesis was to reduce the time wasted because of internal setup time for 

short and scheduled maintenances. The way that the author chose to attack this problem was 

by implementing some lean and total productive maintenance tools in the production. There 

are other solutions as well, like purchasing entirely new machines but these options were not 

relevant for this master thesis.  

The suggestions that were implemented will not greatly reduce the amount of time wasted but 

they are a basis for future improvement work. Implementing 5s is usually the first step when 

working with lean. Cleaning up the work station and removing any unnecessary equipment is 

the result of implementing an improved tool board in the works stations and using a scheduled 

maintenance wagon.  

The operators seem positive towards the implementations of the suggested solutions. There 

are of course some that do not see the benefit of working with lean. That is a speedbump that 

the management in the company needs to work on. It is hard to get a person who has done 

something the same way for a long time to do it another way without enough motivation.  

It could be an idea to implement some kind of reward for the workers if they manage to 

improve the numbers within the production. Just increasing the value added time is usually 

not motivation enough for an operator. 

The decision to not go with a second blasting machine is a decision that the author of this 

thesis agrees with. The second blasting machine would have required a much higher 

investment cost. The time saved by using a second blasting station would not pay for the 

investment cost in a long time. If the cost of a second blasting machine is ignored, there is still 

the logistic problem with actually installing a huge blasting station.  

One thing that could have made the scheduled maintenance wagon even better would have 

been the ability to attach a roll of aluminum foil to the wagon and with that including 

everything needed for a scheduled maintenance. At the moment the operators still have to go 

to the current aluminum foil cutting station to get the needed pieces. Since the aluminum foil 

cannot be attached to the wagon as it is now, the operators can pre-cut the aluminum to save 

some extra time.  
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The operators do not currently have any templates for the aluminum foil and there is no way 

to use one standard template for all machines. Creating the templated will result in the first 

scheduled maintenance taking a bit longer than it should but in the long run it will save time. 

The mentality to implement solutions that may not bring instant profit but results in a profit in 

the long run is good when thinking Lean. 

An important thing for the company to know is that just implementing the solutions chosen 

from the suggestions in this master thesis will not result in a lean production. The production 

has definitely taken a step in the right direction towards achieving lean but since lean is about 

continuous improvements and making sure all employees have a lean mentality the work is 

not over yet. It is very important to make sure that, for example, the operators see the benefit 

in being leaner and to achieve this it is important that the management does its part.  

To verify the theoretical results, the scheduled maintenance wagon was used by an operator. 

This meant that the operator only used the tools from the wagon during the scheduled 

maintenance. Most of the tools used during the scheduled maintenance already exist in the 

work station but to lower the risk of those tools disappearing, every needed tool was placed on 

the maintenance wagon. When it comes down to time saved, all the time that was lost due to 

searching for tools was now eliminated. 

The Scheduled maintenance with the wagon was performed on machine group 2 so in this 

case the time saved meant 7% of the total time. It is important to remember that the first 

scheduled maintenance for machine group 2 and the one with the wagon was not performed 

by the same operator or even in the same work station. This is because the time interval 

between scheduled maintenances are too long to be able to check the same machine twice 

during the master thesis. The result of this is that the percentage of time saved will vary from 

operator to operator since they all did the scheduled maintenance their own way before.  

Despite not knowing the exact amount of time saved for each machine the results are very 

positive. The maintenance wagon will eliminate that part of the waste that occurs during the 

scheduled maintenance.  

The operator was very pleased with the new scheduled maintenance wagon. To be able to 

have all tools needed in the same place and have all the boxes available for storage. The boxes 

on the maintenance wagon eliminated the risk for parts to get lost during a scheduled 

maintenance. This is because previously, the operators would place parts all around the work 

station where there was place for it. The fact remains that for these boxes to work, the 

operator has to make an effort to actually use them.  

The planning board was also accepted by most operators despite them not seeing any changes 

occurring right away. If the operators keep using the planning board the risk for a line to 

occur, which results in a lot of waste, is minimized.  
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8.1. Future work 

Since implementing and working with lean is a never ending assignment it is important for the 

company to keep thinking lean. To help the company improve even further this subchapter 

will address future work that could be performed. 

Responsible person 

To keep improving and working with lean it may be a good idea for the company to assign 

one person that focuses on implementing lean in the production. This will help operators 

know who they can talk to about possible improvements and it will also give the company a 

person that can communicate with the management and the operators. 

Implementing spare parts 

As mentioned in the master thesis and as seen in the graphs, implementing spare parts would 

greatly reduce the time wasted. This would require the company to make 3d models of the 

parts they wish to have spared for and then manufacture the parts. If this was to be 

implemented the company would also have to implement some kind of storage area for the 

spare parts.  

The company will have to decide whether or not they want to have a third party handle the 

blasting of the parts or if they want the operators to handle it themselves.  

Regular maintenance 

If the company invests in spare parts, it is possible to implement a schedule for regular 

maintenance where the operator changes some parts at a time. By changing parts regularly, 

the need for a scheduled maintenance where the operator cleans the entire machine could be 

reduced.  

Changing the lines on the whiteboard 

At the moment the lines on the whiteboard are drawn on but to ensure that they do not get 

smeared by accident they can be changed to for example tape.  

Tool board 

To complete the tool boards within the production, the company needs to mark the boards so 

that the operators know exactly what tool belongs where. 

More detailed standard 

The standard that was created during this master thesis gives a good overview of what needs 

to be done by the operator. In the future, the company could improve the standard even 

further by making it more detailed. The detailed standard would then contain the exact tasks 

that the operator needs to perform to complete the maintenance. This would reduce the time 

wasted by eliminating any unnecessary actions performed by the operator and maintenance 

crew 
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Appendix 

Appendix 1: Fishbone diagram from the root cause analysis 
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Appendix 2: Standard 

Scheduled maintenance 

There are tasks that can be performed before the machine opens to reduce the internal setup 

time and there are tasks that can be performed after the machine is closed again. Because of 

this, to change as much of the interior setup time to exterior setup time, the standard separates 

the different tasks in interior and exterior tasks. 

Before opening the machine (Exterior setup time) 

 Change status of the machine to down (red) 

 Get the scheduled maintenance wagon 

 Pre-cut aluminum foil with the templates (measurements for templates needs to be 

taken the first time) 

 Make sure to have two operators 

 

After opening the machine (Interior setup time) 

 Let service know a time-span they can come.  

 Remove aluminum foil 

 Allow the maintenance staff to work on the machine at the same time as the operators 

when it is possible 

 Dismantle the machine 

 Keep the table clear of any parts not currently being worked on 

 Use the tools from the service wagon when performing the scheduled maintenance 

 Place dismantled parts grouped up in the yellow boxes on the service wagon 

 Contact Service again if needed and let them know when they can come in 

 Blast needed parts, if there is a queue at the blasting station, start redressing the 

interior of the machine 

 While redressing the machine in aluminum foil, the service crew can work on the 

machine as well 

 Redress the machine in aluminum foil 

 Reassemble the machine 

 Make the surface of the aluminum foil rough, to increase adhesion of films 

o Use scotch bright on all aluminum foil 

 If needed let service come into verify the work or align the machine when the work is 

done 

  Close the machine 
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After machine is closed (Exterior setup time) 

 Return the Scheduled maintenance wagon 

 Clean up work station 

 Check the “need blasting” on the white board (If there are a lot of spare parts in need 

of blasting) 

 Change machine status to up (green) 

 Blast parts when spare time is available 

 

Tools on the maintenance wagon 

o Allen keys (red and yellow) 

o M10 key 

o M7 key 

o 2 different pairs of gripping pliers 

o A pair of cutting pliers 

o Hammer with rubber head 

o Scalpel 

o Scrape 

o Alcohol 

o Heat resistant tape 

o Clean room cloth 

o Roller 

o A pair of scissors 

o Screwdrivers 

o Wrench set 

o Scotchbright 

o Polygrip plier 

o Torque wrench 

o Measuring tool 

o 7/64” Allen key with screwdriver handle 

o Small bitset 
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Short maintenance 

Before opening 

 Make sure that extra, filled, material sources are available 

 If blasting or measuring is needed, make sure to mark the right time on the whiteboard 

 Communicate with other operators marked on the same time 

After opening 

 Remove the discs and let them cool down 

 Clean the machine while the discs are cooling down 

 Change the material source if needed 

 Change parts in need of blasting 

 If measurements are needed: 

o If the discs are not cool enough to measure, use the air to cool them down 

o Measure the discs  

 Remount discs or mount new discs 

 Close the machine 

After closing 

 Blast the changed parts 

 Remove blasting magnet after blasting 

 Remove any measurement magnets 

 Replace the changed material source 

 

 


