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Abstract 

This master thesis describes a project during which a new product was developed that will measure the wear of 
a high pressure feeder in the conventional feeding line in a paper mill. The product will also be industrialized so 
that it can be manufactured in smaller series. previously, wear has been measured with a metal scale where the 
operator read the values and documented them manually. The goal of this project was to develop the 
mechanical parts of a product that will automatically measure the wear distance, gather the information and 
present the data. 

The project followed the classic product development process that was slightly modified to fit this specific 
project. A pre-study of the market and the current product gathered the information needed to generate a large 
number of concepts. The concepts were then eliminated in order to select the final concept that was the best 
solution for the problem based on the requirements given by the company. 

Once the concept was chosen it was modelled using a CAD-software (Compute Aided Design). Most of the 
components are standard components that can be “bought off the shelf”, which means that it should not be too 
many special parts that will cost a lot of money and time to manufacture. The product is also IP67-classified 
which means that it can manage the water and white liquor (mainly sodium hydroxide and sodium sulphide) that 
are present in a conventional feeding line in a paper mill. 

The result consists of a description of the final product. The company have also been provided with CAD-files 
and a manual on how to build the product. The company have also been provided with a list of all the standard 
components and where to buy them. 

During the project, some of the requirements have been changed by the global development team which made 
the project harder and the final product is different from the initial thought. However, the goal was reached, and 
the company have information and concept to use as inspiration for the next generation of this product. 

The final product is a robust box that can easily be mounted onto the high pressure feeder. The lower part of the 
box consists of the mechanical parts that are linked to the electrical parts which are in the upper part of the box. 
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Sammanfattning 

Det här examensarbetet är ett project där en ny produkt har tagits fram som mäter förslitningen på en 
högtryckskik i det konventionella flödet i ett pappersbruk. Produkten skall också vara industrialiserbar så den 
kan tillverkas i en mindre serie. Tidigare har det varit en stållinjal som operatören läser av och dokumentarer 
värdena manuellt. Målet var att utveckla de mekaniska delarna på en produkt som automatiskt mäter 
förslitningen, samlar informationen och presenterar datan. 

Projektet följde den klassiska produktutvecklingsprocessen som var lite modifierad för att passa detta specifika 
projekt. En förstudie av marknaden och den nuvarande produkten fick ihop den informationen som krävdes för 
att ta fram ett flertal koncept. Koncepten var sedan eliminerade tills det endast var ett koncept kvar som är det 
optimala konceptet baserat på de krav som företaget har ställt. 

När det slutliga konceptet var bestämt visualiserades det med hjälp av CAD. Alla komponenter är standard-
komponenter som kan ”plockas direkt från hyllan”, vilket betyder att det inte skall vara några specialtillverkade 
delar som kostar mycket pengar och tid för att göra det lättare att industrialisera produkten. Produkten är också 
IP67-klassifierad vilket betyder att den kan klara av vattnet och kemikalierna i ett pappersbruk. 

Resultatet består utav en verbal beskrivning av den slutliga produkten. Företaget har blivit försedda med CAD-
filer och en manual för hur man skall bygga produkten. Företaget har även blivit försedda med en lista över alla 
komponenter samt vart dom går att köpa. 

Under projektets gång har några krav ändrats utav det globala utvecklingsteamet vilket gjorde projektet svårare 
samt att den slutliga produkten inte blev likt den initiala tanken. Målet nåddes och företaget har även 
information och koncept som kan användas som inspiration inför nästa generation av produkten. 

Den slutliga produkten är en robust låda som lätt kan monteras på högtryckskiken. Den nedre delan av lådan 
består utav det mekaniska delarna som är kopplade till de elektroniska delarna som är i den övre delen av lådan. 

Nyckelord: Högtryckskik, skala, industrialisering, produktutveckling, konceptgenerering 
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1 INTRODUCTION	
In this chapter, the project will be introduced together with a brief introduction to the company and 

paper mill. 

1.1 BACKGROUND	
The project was affecting one certain product in the paper mill, the high pressure feeder. To understand the 
purpose of this project a briefly introduction to the company, paper mill and the high pressure feeder is 
necessary. 

1.1.1 About	Valmet	
Valmet AB is a finish-based company that can be tracked back to year 1750. During the history of time there are 
a lot of different companies that today forms Valmet. With over 200 years of experience Valmet is the global 
leading developer and supplier of technologies, service and automation of the pulp, paper and energy industries. 

Valmet have over 12,000 employees and is active in more than 30 countries world wide 

In the start of the company, Valmet had a wide range of product. Valmet did broaden the product range further 
during the 1950s and developed ships, aircraft, weapons, marine engines, elevators and paper machines. The 
first paper machine that Valmet delivered was in 1953. During the 1980s and 1990s Valmet did put their focus 
on paper technology. Starting off with selling production sites where ships, rolling stocks, elevators and tractors 
were built and then bought companies that would help to develop the paper industry. One of the companies 
that was bought was Karlstads Mekaniska Werkstad that was a manufacturing company founded 1860 by Gustaf 
Adolf Andersson [1]. 

 

 

Figure 1 shows a statue of Adolf Andersson located in Karlstad, Sweden 

This Master thesis project will take place on Valmet AB; s branch office in Karlstad at the apartment of Fibre. This 
apartment focus on repairing, improve and extend the lifetime of the products. 
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1.1.2 Paper	mill	
Making paper is an old technology and can be traced back before the common era (B.C.E.). The first documented 
paper making process was in the first century. Since then this process have grown into a large industry that has 
been developed a lot to the point where it is today. Paper is created by using pulp which is manufactured from 
different raw materials containing cellulose, often wood or recycled paper. It is also possible to use non-wood 
raw material such as bamboo and reeds[2]. 

First the raw material is being pre-processed, that including remove all the bark when wood is used as the raw 
material. In most case the bark is burned in an oven to produce energy for the pulp and paper making process. 
The raw material is also chipped into smaller pieces [3]. 

There are different ways to separate the wood fibre and create pulp for paper and cardboard such as 
mechanical, thermomechanical, chemithermomechanical and chemical pulp. The most common way is chemical 
pulping, also known as the sulphate process and the Kraft process. This process is using a chemical solution 
called white liquor that is mainly sodium hydroxide and sodium sulphide. This chemical is used to separate the 
lignin from the cellulose fibre. The woodchips are blended with the white liquor and then fed into the digester to 
create the pulp [3]. 

To feed the liquor and chips through the system a low-pressure feeder is used that push everything through the 
system without too much change in pressure. The digesters are often very tall and to get the chips and white 
liquor to that height, a high pressure feeder is used to pressurize it. This could be called the heart of the Kraft 
process because it is the high pressure feeder that pressurize and feed everything through the system. The high 
pressure feeder sometimes must push the pulp as high as 60 meters. Even though the most common application 
for the high pressure feeder is in the Kraft process, it can be used in other application as well [1]. 

As mentioned earlier the high pressure feeder is a part of the conventional feeding line as demonstrated in 
figure 2 [1]. 

 

Figure 2 shows the conventional feeding line [4] 

 

So, this is the first step of the conventional feeding line and this part is steaming up the chips, sort out any dirt or 
sand and blend the chips with the white liquor. 

After this step the chips and liquor are going through the high pressure feeder that is shown in figure 3. 
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Figure 3 shows a high pressure feeder [1] 

To get the correct change of pressure, it is important that it is a tight fit between the rotor and the housing. This 
causes a loss of material due to friction between the metal rotor and the metal housing. To compensate this loss 
of material of the wedge-shaped rotor it is necessary to move the rotor further into the housing by 
approximately 0.5 mm once or twice a week. This is done by rotating the adjustment wheel shown in figure 2. 
Once a site buys a high pressure feeder, it will be in use until it is time for service and then back to the site. The 
service price compared to the price to buy a brand new are very different. The service is much cheaper and will 
restore the high pressure feeder to an almost brand-new state [1]. It is common to have two high pressure 
feeders, so the site can produce paper even when the high pressure feeder is at service. 

Depending on how much volume the paper mill wants to have flowing, there are various sizes of high pressure 
feeders. There are a few standard sizes that varies from 160 litres to 1080 litres [1].  

A study of the sizes of high pressure feeder was done and can be seen in Appendix II. 

1.2 PROBLEM	DEFINITION	
The high pressure feeder is an invention that can be traced back to the late 19th century. A lot of small changes 
and upgrades are done on the high pressure feeder every now and then. It could be change in material, change 
in service-method and so on. But the method to measure the wear and the wear rate on the rotor is the same 
now as it was back in the mid-1900. This method is simply a steel ruler that is mounted onto the housing. on this 
ruler, the operator can read how much the rotor have been rotated into the housing. This is a very simple 
solution which causes some inaccuracy in the measurement. a worker is reading the ruler to see the rotor 
relative position to the housing. It is important that the worker knows the machine and make sure to document 
the results. By document the results it is possible to calculate an approximation of how much time it is left until 
reconditioning is needed. It is time to update this product and make it easier to get the data needed. Instead of 
the steel ruler a new product is needed that can measure the wear of the rotor and process the data and 
calculate an approximate time until service is needed automatically. This product should be easy to mount 
during reconditioning as an additional product to the costumer. A retrofit to make an older version of the high 
pressure feeder up to date. 

When developing a new product there are some things to consider, such as: 

• The new product should have a long life span 
• The new product should give reliable results 
• It should not need much service, and if it does it should be easy to do so 
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• It should be as small as possible and require small installation space 
• It should be possible to adapt it to different sizes of the high pressure feeder 
• It should meet all the requirements such as ip67, vibrations, temperature and chemicals (white liquor) 
• It should be ergonomic 

 

 

1.3 PURPOSE	
The purpose of this project is to analyse the current solution of the problem and develop a new better product 
that solves the problem. It is important that all the details about the product is covered since the products is 
going to be produced in a smaller series. Information to industrialization of the new product is the final goal. 

The product should be ready to industrialize, which means that information on how to produce the product in 
the best way possible is required [5]. 

1.4 GOALS	
The goal is to develop the mechanical parts for a product that can measure the wear of a high pressure feeder 
and then make it possible to industrialize it.  

So, the goal is to provide Valmet AB with the design of the mechanical part of the product. A list of all the parts 
needed to build it, where to get the parts and the price. This does not include the electronical parts like circuit 
board and batteries. Valmet will also be provided with all the documentation on how this project was 
completed. 

1.5 DELIMITATIONS	AND	REQUIREMENTS	
This master thesis will be done during a period of 20 weeks with 40 hours of work every week (800 hours). The 
project is individually done with help from a supervisor at Valmet AB and a supervisor from the University of 
Karlstad. Part of the time will be spent on writing the report which means that not the full 800 hours will be 
spent on the product development and industrializing.  

Delimitations and requirements of this master thesis: 

Requirements 

• generation of concepts 
• determination of concept 
• development of concept  
• information to Industrializing of the product 
• The price of manufacturing of the product 
• Follow the product development process 

 

Delimitations 

• The product will only cover the measurement of the wear of the high pressure feeder and nothing else.  
• A prototype is not required 
• No bigger modification of the high pressure feeder is allowed 
• Focus on the mechanical parts of the product 

o Work closely with the development of the electronics so the mechanics can be custom fitted for 
the cords and the circuit board 

• No major research on market 
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o Will not research what the price of this product will be for the costumers 
• Will not set the price of the product to customer 
• not focus on process of data 

o Will leave that to the developer of the electronic parts 
• it is not required to focus on the whole lifecycle, only from components to finish product and mounting. 

1.6 THE	PRODUCT	DEVELOPMENT	PROCESS	
During this project, a systematic development of the product will be used. This systematic product development 
is a step-by-step guide to create a new product. The main steps of this process are [6] : 

1. Product specification - The purpose of the product will be announced and what problem the new 
product will solve. It is also important to have other inputs that needs to be in mind while developing 
the product, such as environmentally friendly, what components and material are available and how 
much it should cost for example. 

2. Generation of concepts - This part needs more time and focus than expected. If this part is stressed it 
may end up causing problems later in the project. Here there are different ways to generate concept 
which will be discussed further. 

3. Choice of concept - When there are a few good concepts that have been generated from the first part of 
the project it is time to choose the best one. There are also a few ways to do this which will be explained 
later in the report.  

4. Layout design/detail design - During this part the concept chosen will be developed further to a working 
product, in some case this is the part where a prototype is developed. It is now the different criteria will 
be fulfilled.  

5. Prototype testing - This is the part in the project where the prototype is tested for its real purpose. it is 
important to analyse and document the test of the prototype in case changes needs to be done. 

6. Final construction - This is the part where the prototype has been tested and the final changes will be 
done to finally create the final product. This is the final part and after this there should be a new finish 
product. 

During this project, these steps will be followed but since the mechanical parts are dependent on the 
electronical parts and the software development it will be a little different. The finish product is also dependent 
on the software development. This could cause problems with building the prototype when the electronics and 
software are not finished yet. These are done in a separate project. The prototype will also need to be tested for 
a couple of month due to the long lifespan of the high pressure feeder, so there is no time for a master thesis to 
test that. 
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2 ANALYSIS	OF	CURRENT	PROTOTYPE	AND	PRODUCT	
In this chapter, an analysis of the current product is presented, how does the current product work, what can be 

improved and what can be used as inspiration to the new product. 

2.1 CURRENT	PRODUCT	
During the 1960´s some of the high pressure feeder was equipped with a steel scale so it was possible to see 
how much the rotor have been moved into the housing due to the wear. This did also make it possible to 
document the current position of the rotor in the housing. By documenting this it was possible to estimate when 
the high pressure feeder needed reconditioning and get a general knowledge of the usage of the high pressure 
feeder in a specific application. 

Figure 4 is an informative figure that explains how the steel scale is mounted and how it is used today. 

 

 

Figure 4 shows the current scale 

This method is a very old-fashioned way of doing it. The steel scale was often welded onto the high pressure 
feeder and were not always straight and could sometimes differ in positioning.  
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Some of the steel scales were also worn out after a while and it was hard or even impossible to read the current 
position. The environment that the high pressure feeder operates in, is very dirty and a lot of chemical that can 
make it hard to read the numbers on the scale. 

As seen in figure 4, there is a large part that is rotating and simultaneously moving linear towards the high 
pressure feeder. To measure the linear movement of a rotating body will be the biggest obstacle for this project. 

By documenting the positions every time, the rotor was moved into the housing it was possible to estimate a 
curve and from that curve estimate when a service was needed. The documentation of all the data, the 
calculation of the curve and the estimation of the lifetime was all done by hand and could take long time and 
sometimes be wrong due to the human factor. 

Overall, this solution is cheap and a temporary solution that did stay for over 50 years which gives inaccurate 
test results and can be fixed with a method more suitable for the 21th century.  [1] 

 

2.2 CURRENT PROTOTYPE 
There is a functional prototype that have been developed by an external company which did not have all the 
features as planned. This prototype will be used as inspiration during this project.  

This prototype works fine and can collect the necessary data and process it. The circuit board used in this 
prototype is not the one that should be used which means that both the electronics and software need to be 
changed.  

The mechanical parts are working but are not suitable for all the different size and variants of the high pressure 
feeders currently on the market which causes it to be special mounted on a lot of the high pressure feeder. 

The capsulation of the electronics needs to be according the IP code IP67 which means that the box needs to be 
able to withstand a test where it is in water for 30 minutes at a depth of one meter. This is only required for the 
box with all the electronics in it. It is also important that all the components outside of the electronic box also 
lives up to the IP67 criteria. 

Since the electronics will change and most likely to a smaller circuit board the capsulation can be smaller than 
the current prototype.  
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3 METHODS	
This chapter will explain all the steps necessary to follow to make this project a success. The project will follow 

the systematic construction process as good as possible, but since there are limitations in time some steps will be 
neglected. 

3.1 SCHEDULE	AND	PLANNING	
This project followed a classic method for product development. The steps in this project was: 

1. Pre-study 
2. Product specification 
3. Concept generation 
4. Design review 
5. Write of report 
6. Submission for final check 
7. Presentation 
8. Submission 

To be able to plan this project a preliminary GANT-scheme was created That can be seen in appendix V [7]. 

3.2 PRE-STUDY	
To be able to take on this project a broader knowledge of the high pressure feeder and the market was needed. 
The first part was to get knowledge about the high pressure feeder and paper mills. This information was 
gathered into the introduction of this report.  

The second part was to gather information on how to develop a product using the classical product 
development process. This information was gathered in the introduction part of the report. 

The rest of the pre-study was to gather information about the product that is being developed and the market 
on which it will be sold. This Pre -study is divided into identifying need, product specification and requirement 
specification [8]. 

3.3 IDENTIFY	NEED	
Before starting developing a new product it is important to make sure that there is a need for this product and 
make sure to gain information about how this product may affect the stakeholders.  

Even though this is a project assigned by Valmet it is a good idea to make a brief analyse of the market and make 
sure that there is a need for an upgrade of this product. Valmet have already established that a need for an 
upgrade is requested from the customers [8]. 

By doing interviews with various of stakeholders it is possible to state if there is a need or not. Stakeholders that 
will be interviewed is going to be both customers and people with different positions on Valmet. 

During the interviews, other questions will be asked so that a general idea of the product can be created and get 
some inspiration on how the new product should be designed based on the various stakeholder’s opinions [6]. 

3.4 PRODUCT	SPECIFICATION	
The purpose of the product specification is to specify with the costumer what the goals of the final product are. 
It is important to not focus on how the product will work and just focus on what the goal of the product is. Here 
it is also important to gain information from as many stakeholders as possible since a product can affect more 
people through the whole life cycle. 
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Since this part is just a briefly idea of the product and just to start the process of coming up with a solution it is a 
good idea to make some micro interviews with a few stakeholders where they can share their overall opinion of 
the product and what functions they wish to have in it.  

Example of questions could be: 

• How do you think this product will affect you? 
• How do you think this product will affect the company as whole? 
• What do you wish to see in the final product? 
• How do you think the product will work? 

From these questions it is easy to develop a briefly understanding on what the final product should fulfil but also 
get some ideas that can be used in the requirement specification and in the concept generation [6]. 

 

3.5 REQUIREMENT	SPECIFICATION	
The requirement specification is a set of requirements that the final product needs to fulfil. This part is very 
important to specify early in the project to make sure no major changes needs to be done in a late stage of the 
project. To make sure the list of requirements is completed there are a few methods to do so. It is also 
important to gather more information and requirements from different people since there could be requirement 
that are more obvious to some stakeholders than other.  

The method that will be used for this project is to create a requirement matrix. Since the goal with this project is 
to create a product but also industrialize it, it is important to take account to three phases: 

• Development 
• Manufacturing 
• Usage 

These three phases of the project will be assessed against four different aspects: 

• Ergonomic 
• Economic 
• Function 
• Performance 

Each of the phases will be discussed against each aspect to make sure as many requirements as possible is 
considered. When a new requirement is found it is necessary to state if it is a requirement or just a wish from 
the costumer, but also state if it is a function of the product or a limitation of the product.  

Table 2 is a matrix that shows how this method will work, each of the 12 topics will be discussed with as many 
stakeholders as possible. This part may take some time, but it is important to make the workflow easier 
throughout the project [6]. 

Table 1. The aspects and phases in the requirement specification 

Aspect 

Phase 

Ergonomic Economy Function Performance 

Development 1.1 1.2 1.3 1.4 

Manufacturing 2.1 2.2 2.3 2.4 

Usage 3.1 3.2 3.3 3.4 
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These numbers and correlations will be considered to make sure all the requirements will be found. When a 
criterion is found it is important to define if it is a requirement (R) or a wish (w) and if it is a function (F) or a 
limitation (L). 

Table 3 is an example of how this may look like. [6] 

Table 2. An example of a criteria 

Number Cell Criteria W/R F/L 

1 1.1 Ergonomic concepts R L 

3.6 CONCEPT	GENERATION	
The purpose of concept generation is to use different methods to find as many solutions to the problem as 
possible. By doing this, it is a small chance that concept will be missed and a bigger chance to come up with a 
good solution. 

First, the problem and requirements have been organized into a list as previously mentioned. Then it is time to 
come up with as many solutions as possible for each problem and requirement. These solutions and ideas can be 
generated by using various of methods and it is important to remember that no ideas are bad ideas. Even if an 
idea is obviously not going to work there are always something to learn from it or get inspired to come up with a 
new idea [6]. 

 

3.6.1 Divide	the	problem	into	sub	problems	
It is sometimes easier to divide a complex problem into smaller pieces and do concept generation on each sub 
problem. By analysing small sub problems instead of a big complex problem, it can give a better overview and 
make sure that everything is considered. 

Once there are a few good solutions to each sub problem, the sub solution will be combined into one or more 
solution for the big problem. 

Each sub solution will be analysed and ranked, and the best concepts will be put together into one solution if it is 
possible. Some sub concepts may not be fit with other sub concepts [9] 

 

3.6.2 Methods	of	concept	generation	
There are many various methods to come up with concepts for all the sub problems. Since this is a creative part 
of the project but also the most important part it is necessary to spend a lot of time and try different kinds of 
methods. Here some of the methods are described. 

During the concept generation, it is also important to ask the customer who are using the existing product. So, it 
is suitable to call a paper mill that have bought a high pressure feeder from Valmet AB and ask them what they 
like and dislike about the existing scale. It is also important to ask the people who are working with the high 
pressure feeder because they could have some ideas about the new product that could turn into a good 
concept. 

These methods will be done with different people to be able to generate as many different concepts as possible 
[9]. 

3.6.2.1 Comparison	with	similar	products	
Once the problem is defined and all the requirements are stated it is time to start to find inspiration. This is 
easily done by searching for similar solutions and gather information on how the problem is solved. This can be 
any product that measure distance or wear. In some cases, there are other companies that have a solution to 
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the same problem and should not be copied due to the risk of patent conflict. Since this project is the develop of 
an all-new product this should not be an issue.  

This method is what you call a systematic method of concept generations and consists more of research than 
creativity [6]. 

3.6.2.2 Brainstorming	
Brainstorming is a creative method to generate concepts. A brainstorming session should be around 40 to 60 
minutes and needs to be arranged by someone who will organize the session. Before the session, all the 
participants need to know what the problem is, so they can have time to come up with some concepts on their 
own before the brainstorming session. The organizer should come up with a minimum amount of concept that 
will be developed during the session.  

The goal of a brainstorming session is to produce as many concepts as possible. It is not acceptable to criticize 
any concepts. Instead they can be used to inspire a new idea. Even “bad” concepts should be analysed to 
determine why they are bad and learn from that.  

Every participant will present their ideas and discuss them briefly. The other participants will use their ideas and 
try to come up with another concept using their concepts as inspiration [6]. 

 

3.6.2.3 Random	word	generator	
A method that will be used a lot during this project is the random word generator. For example, a random word 
generator can be used to randomize a word and if there is something that comes to mind when hearing the 
word that could help solve a problem it needs to be written down and then turn into a solution. This could also 
be done by using a program that randomize pictures. This is not an official method, but it has been tried before 
with a successful outcome. This is also a creative method that can be done one by one or in a group like a 
brainstorming session  [9]. 

3.6.2.4 S.C.A.M.P.E.R	
The last method that was used was a sceptical analyse of all the concepts, where changes will be tried to 
implement on all the sub concepts. This is a creative method that can be used to improve concepts or come up 
with new ideas of concepts [10]. 

S.C.A.M.P.E.R stands for: 

• Substitute 
• Combine 
• Adapt 
• Modify 
• Put to another use 
• Eliminate 
• Reverse 

This are basically things that will be questioned on each sub concept but also on the combined total concept as 
well.  

Here are some questions that can be asked in each category: 

Substitute	
• What parts or materials can be changed to make it better? 
• Can this product be used somewhere else? 
• How would you resonate if you changed your mind about the concept? 
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Combine	
• What could you combine this product with and what would be created then? 
• What could you combine to optimize the usage of the product? 
• Could you combine any concepts to create a new concept? 

Adapt	
• How could this product/concept be readjusted to serve a different use? 
• Does the product/concept remind you of another product? 
• What other products reminds you of this concept/product? 
• What other products could you use as inspiration? 

Modify	
• How could you change the shape, feel and look of your concept/product? 
• What could you add to change the product/concept? 
• What could you highlight to increase the general value of the product/concept? 
• Could you strengthen any part to make a new product? 

Put	to	another	use	
• Could this product/concept be used as something else? 
• Who could else use this product/concept? 
• How would this product/concept behave in another application? 

Eliminate	
• How could you simplify this concept/product? 
• Could you eliminate any features or parts? 
• How could you make it smaller, faster or lighter? 

Reverse	
• What would happen if you reversed the use of the product/concept? 
• How would the product/concept be if you tried to do the opposite than its use? 
• How could you reorganize this product? 

 

 

3.7 CHOICE	OF	CONCEPT	
When a good amount of time has been spent on generating concepts for every subproblems it is time 
to weight all the problems. This is done to see which sub concept is best to solve every sub problem.  
 

3.7.1 First	elimination	of	sub	concepts	
 
Before weighing all the problems, it is a good idea to analyse each concept and eliminate unrealistic 
concepts to save time when each concept will be analysed and ranked. The unrealistic concept should 
not be removed but put into another category. It is still important to spend some time to analyse these 
problems and document why these are not suitable concepts and learn from them [6]. 
 

3.7.2 Sub	concept	screening	
After the first elimination, the remaining concept will be analysed in a screening where the suitability to the 
problem is tested. If the concept fits as a possible solution to the sub problem it will advance to the next step, if 
not it will be eliminated. 
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To do this an elimination matrix will be used. This particularly elimination matrix was developed by Pahl and 
Beitz. The ideas are to question if each sub concept solves the problem in a good way and follow all the 
requirements. [6] 

Table 4 is an example of the matrix that will be used. 

Table 3. An example of the screening matrix 

Elimination matrix 
for sub problem:  

Elimination requirements:  
(+) Yes 
(-) No 
(?) More information needed 
(!) Check the product spec. 
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Decision:  
(+) Proceed with concept 
(-) Eliminate the concept 
(?) More information needed 
(!) Check the product spec. 

                Comment Decision: 
1                   
2                   
3                   
4                   
5                   
6                   
7                   
8                   
9                   

 

From the matrix, it can then be determined what sub concepts will advance to the next step [6]. 
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3.7.3 Sub	concept	scoring	
Each sub concept that made it through the screening will now be ranked. By giving every concept points 
regarding how good it solves the problem with aspect to economy, construction, life time, ergonomic, easy to 
use and operating cost. Then every sub concept will get points on how good they solve each criterion. It will be 
either 1, 3 or 5 points. Then all the points are summed up to see which sub concepts are the best. This will be 
done in a modified decision-matrix created by Stuart Pugh [6]. 

 
Table 5 is an example of the matrix that will be used. 

Table 4. An example of the concept scoring matrix 

Weight factor (1-
3) Criteria       \           concept 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 

1 Long life 5               
1 Economic                 
1 Good precision 5               
1 Efficient (direct result) 5               
1 Software (collect data) 5               
1 Do not need much space                 
1 Reliable 5               
1 Small or non-change to HPF                 
1 Little or none Maintenance                 

1 
Don’t reduce function of 
HPF                 

1 Don´t misalign                 
1                   
1                   

  Sum: 25 0 0 0 0 0 0 0 
                    
  Comments                 
  pros                 
  cons                 

 
 
From these numbers, it is easy to rank all the sub concepts. Then the top sub concepts will be 
combined to get the best overall solution. Some sub concept does not work together with each other, 
so it is a good idea to choose the best sub concept and develop a complete concept using the best 
possible solution from the other groups. This will result in a few complete concepts which can be 
reviewed.  
 
These complete concepts will also put through the S.C.A.M.P.E.R process to possibly improve the 
products or come up with a better solution. The concept generation is alive during this process as well, 
there could always be new concepts found. And if new concepts are added it is extremely important to 
analyse all the concepts to make sure they are good on every level [10]. 
 
At the end of this process there should be one final concept [6]. 
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3.8 CONCEPT	DEVELOPMENT	
By using computer aided software, the chosen concept will be visualized. In this project Solidworks will be used 
to model the product. Since this product is going to be mounted onto a high pressure feeder, the high pressure 
feeder will be visualized as well to confirm that it will be possible to mount it and that it will fit. 

One of the requirements of this project is to use as many standard components as possible. To visualize that in a 
CAD-program it is possible to obtain CAD-files from companies that sells the components. If that is not possible a 
similar part can be created to visualize that component [5]. 

After this the new prototype will be presented to as many stakeholders as possible to gain feedback. 

3.9 INDUSTRIALIZING	
As mentioned earlier the goal of this project is to industrialize the product. This means that this project will 
provide Valmet with all the necessary information to produce this product in a smaller series. 

One wish from the company was, that as many components in the product should be standard components and 
as few custom-made parts as possible. 

Valmet will also be provided with a complete costing of the product including the price of all the components 
and where to buy them. They will also get a manual on how the product should be made and mounted.	
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4 RESULTS	
In this chapter, all the results from each steps of the product development process will be presented and how the 

results came to be. 

4.1 IDENTIFY	NEED	
 

When starting the project Valmet AB already had established that an upgrade is needed and requested from the 
customers. Since this project have been active for a few years a light research was done to make sure all the 
stakeholders still have an interest of an upgrade but also to get some information about the project. 

First interview was with the project manager who stated that there is clearly a need for this upgrade since it will 
help both the costumer and the company to plan the service of the high pressure feeder. 

Second interview was with the fitter at Valmet, who is responsible to measure the possible wear of the high 
pressure feeder before shipping it to costumer. This procedure is slow and inaccurate using existing steel scale. 
The numbers are also documented manually and according to him an upgrade would make this part of his job 
easier. 

During the project, a visit to a customer of Valmet was arranged. The company had a few high pressure feeders 
on the site. According to the company an upgrade would have helped both the company and the operator. Since 
they will have more information about when next service will be needed, and the operator does not have to 
gather all the information manually. 

An interview was also arranged with a construction engineer at Valmet who have a lot of information about the 
high pressure feeder. There was not much information about the need of this product given by the engineer. 
However, information about what can be done with the high pressure feeder was given. 

The interviews showed that there is a need for an upgrade from all the stakeholders interviewed. 

Because this method has been used since the 1960’s and will most of the times give an inaccurate and unreliable 
value. And since most of the stakeholders would like to see a change an upgrade is needed. 

4.2 PRODUCT	SPECIFICATION	
From the interviews that was done to confirm the need of this product a better knowledge was developed of the 
product. Since the interviews was done with all the stakeholders it was a good opportunity to dig deeper into 
the product itself. 

The information that was given about the product is that it is going to be a mountable measurement tool that 
can be mounted onto a high pressure feeder to measure the wear and wear rate. 

The product should be an optional product for the high pressure feeder that the customer can add to their high 
pressure feeder when at service. It is not necessary to make the product possible to mount on site since the start 
value and the stop value of the wear needs to be set when the high pressure feeder is new or at service.  

This product will measure the distance left on the rotor until service is needed. The total distance needed to 
measure is between 100 and 145 mm and needs to be accurate down to 0.01 mm. 

Due to change in “start distance” it should be possible to reset the starting point. This is up to the developing 
team and contact with them are needed throughout the project to make it possible. The electronics should also 
be able to collect data and process it.  

All the electronic components should be encapsulated in a waterproof and dustproof box since they clean the 
high pressure feeder with a high pressure washer. 
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The electronics should not rotate with the wheel but will still go with the moving part towards the high pressure 
feeder. 

It should be easy to maintain the product, fix issues and clean it. 

The mechanics should be able to handle some vibrations and have a long service life. 

 

4.3 REQUIREMENT	SPECIFICATION	
By arranging creative workshops with various of stakeholders and people that works with the high pressure 
feeder a final requirement specification was developed. The requirement specification is presented below 
following a requirement specification standard: 

Table 5. The phases and Aspects 

Aspect 

Phase 

Ergonomic Economy Function Performance 

Development 1.1 1.2 1.3 1.4 

Manufacturing 2.1 2.2 2.3 2.4 

Usage 3.1 3.2 3.3 3.4 

 

 

Requirement specification for the mechanical parts of the electronic scale 

Table 6. The requirements 

Number Cell Criterium W/D F/L 
1 1.1 Concepts that are ergonomically D L 
2 1.2 Concept that have long life time W L 
3 1.3 Measure wear of the rotor in a high pressure feeder D F 
4 1.3 Protect the electronics D F 
5 1.4 Exact and safe measuring D F 
6 1.4 Long life time W L 
7 1.4 Avoid misalignment, Secure measurement D L 
8 2.1 No dangerous materials or concepts D F 
9 2.2 Use resources that Valmet have access to W L 
10 2.2 Commercial thinking D F 
11 2.3 -   
12 2.4 Ensure that production and mounting is done right D L 
13 3.1 User friendly and intuitive to use W F 
14 3.2 Low operating costs W L 
15 3.3 Easy to do right, hard to do wrong W L 
16 3.4 -   

 

Each of these requirements was broken down into smaller, more specific requirements that can be seen in 
appendix III. 
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4.3.1 IP-67	
Since this product should be in a challenging environment it is important that all the parts of the construction 
could withstand chemicals, waterjets and dirt. Therefore, the product should be IP-67-classifeid. 

IP-Rating is a way to describe how protected a certain thing is. It stands for Ingress protection rating and is 
defined by the degree of protection from solid objects including dust, water and accidently contact in 
electronics. To classify an electronic enclosure, it gets an IP-classification that is the two letters IP and then 
followed by two digits. The first digit is representing how well the enclose protects against moving parts, 
electrical conductors and solid foreign objects. The second digit is representing the level of protection of the 
inside of the enclosure against water [11]. 

In this case the classification needs to be IP67 which means that there cannot be any ingress of dust but also 
that the enclosure needs to be able to be held under water for approximately 30 minutes under 15 to 100 cm of 
water from the top of the enclosure [12]. 

4.3.2 Vibration	
A part of the requirement was to make sure the product can withstand vibration. This requirement was removed 
after the visit since the vibration on the site are negligible since the amplitude is too small. The only part that 
might be affected by the small vibration over time is the electronics. Since the electronics are not covered in this 
project no further investigations of the vibrations were done. 

4.4 COMPARISON	WITH	SIMILAR	PRODUCTS	
This product should measure and process a linear distance of around 100 to 150 mm with a margin of error of 
0.01 mm. So, a study was done on a lot of products that measure small distances around the same resolution.  
By researching products that measure a linear distance and products that translate a rotating motion to a linear 
motion a lot of inspiration was found. The inspiration was then used to develop some of the sub concepts. All 
the sub concepts can be found in Appendix I. 

4.5 CONCEPT	GENERATION	
The problem was first divided into smaller problems. By using various of method with different stakeholders 
many concepts were developed. 

4.5.1 Dividing	the	problem	
To make it easier to analyse the problem, it was divided into four main groups: 

1. Measurement - How will the distance be measured, what method will be used and what 
mechanics parts are needed? 

2. Mounting - How will everything be mounted onto the high pressure feeder? Most of the parts, 
including the displays, will probably be inside the same capsule so how should this capsule be 
mounted 

3. Activation - Since this product will only be used on short period of times once or twice a week it 
should not be activated at all time. How can the product automatically be activated when the 
high pressure feeder needs adjustment? 

4. Capsulation - How will all the components and mechanics be capsulated to match all the 
requirement for IP67 

 
These sub problems have requirements on their own that each sub concept needs to fulfil to advance 
in the concept screening and scoring. 
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4.5.2 Measuring	
The first subproblem is to find the best solution to measure the distance. When choosing the best concept for 
measuring it is important that the concept fulfil these requirements: 

• Have a long lifespan 
• Is economic 
• Have good precision (error of margin < 0.5 mm) 
• Efficient 

o Can give a result immediately 
• Is easy to develop software that can collect the data 
• Don’t need much space 
• Reliable 
• Don’t need bigger adjustment on the high pressure feeder to work 
• Needs little or none maintenance 
• Don’t reduce the function of the high pressure feeder 
• Don’t misalign 
• Measure the full wear distance (100 mm, 120 mm or 145 mm) 

 

4.5.3 Mounting	
The second subproblem is the mounting. How should the new product be mounted onto the high pressure 
feeder? Important requirement to take account to is that the sub concept: 

• Should be robust 
• Vibration 
• Should not make major changes to the high pressure feeder 
• Should not reduce the function of the high pressure feeder 
• Should fit to more sizes and variations of high pressure feeder 
• Economic (little material usage) 
• Don’t take much space 
• Easy to mount 
• Should be straight at any time (to get legit result) 

 

4.5.4 Activation	
Since the product will be driven using battery it is important that it don’t use too much energy and that it is off 
when not in use. That is why it needs a system that activate the product when the adjustment wheel is rotating. 
Important requirement to take account to is that the sub concept: 

• Should be easy to use 
• Should use little material 
• Should have a long life time 
• Use the mechanics of the product and the high pressure feeder 
• Activate with only small movement 
• Use little energy 
• Preferably should be mechanic (for generation 1) 
• Should not make major changes to the high pressure feeder 
• Don’t take much space 
• Should be economic 
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Note that after the concept generation part of this project, the requirement was changed by the global 
development team and will now require power supply from a wall socket instead of batteries. 

4.5.5 Capsulation	
Since the high pressure feeder is in an environment with chemicals and a lot of water and steam it is important 
that the scale is water proof. It needs to follow the IP67 classification. Important requirement to take account to 
is that the sub concept: 

• Is waterproof (IP67) 
• Protect the scale from waterjet from a pressure washer 
• Protect all electronics component (battery, circuit board) 
• Make it easy to change battery 
• Is easy to mount 
• Should be economic 
• Don’t take much space 
• Don’t make major changes to the high pressure feeder 
• Is robust 

 

Sketches and description of all the sub concepts can be found in Appendix I. 

4.6 CHOICE	OF	CONCEPT		
The process of deciding what the final concept was divided into three parts; First elimination, concept screening 
and concept scoring. 

4.6.1 Measuring	
The first sub problem to solve is the measuring. Below are the results from each part of the concept selection. 

A late change in the requirement specification from the global development team made it a requirement to use 
a certain type of measuring sensor and a specific type of measuring area. This requirement eliminated a lot of 
sub concept for the measuring sub problem. 

4.6.1.1 First	elimination	
Since there are a lot of concepts an elimination was done by arranging a workshop with a few of the 
stakeholders where all the concepts were analysed and eliminated if they did not work for obvious reasons. 

All the sub concepts that made it through the first elimination are shown and described below. 

1.1 moveable measuring sensor and fixed 
measuring area 
 
This sub concept will mount the measuring area 
onto the fixed part of the high pressure feeder 
and then let the measuring sensor slide along 
the using the linear motion of the adjustment 
cap. 
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1.2 Moveable measuring area and fixed 
measuring sensor 
 
This sub concept will have the sensor fixed onto 
the fixed part of the high pressure feeder and 
instead let the measuring area move along the 
sensor using the linear motion of the 
adjustment cap. 

 
 

1.8 Rotating measuring area and fixed 
measuring sensor 
 
There are measuring areas that are flexible, so 
it is possible to mount it around the rotating 
adjustment cap. And then mount a sensor on 
the fixed part of the high pressure feeder that 
can measure the rotation of the wheel and 
register each full rotation. The rise of the thread 
is known so by register the rotating angle the 
linear distance can be calculated. By using 
telescope linear guide to hold the sensor, it can 
follow the wear distance. 
 

 

 

1.15 Push the sensor 
 
Since there is an edge from the adjustment cap 
it could push the sensor while moving. By the 
mount a measuring band, that the sensor can 
read from, on top of the sensor it can measure 
the distance travelled (wear distance). 
 

 
 

1.16 measure vertically 
 
By putting to rotating bars that cover half of the 
stroke length each and link them together they 
will rise when pushed together by the 
adjustment cap. The middle part will rise 
vertically and by mounting a measuring sensor 
on it and mount a measuring band on the fixed 
part it can measure the distance. This will make 
the measuring distance half of the stroke 
length.  
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1.17 Gears and a slide 
 
Mount a gear onto the adjustment cap and the 
let a sensor that can count the teeth slide along 
the gear. Walls on the gear will make it possible 
for the sensor to slide along. Each gear will 
correspond to a change in angle that can be 
translated to a change in linear wear direction 
by the knowledge of the rise of the thread.  
 

1.19 Milling track for the sensor 
 
By milling a track where the measuring sensor 
can slide over the measuring area the wear 
distance can be measured and will not need 
much space to do so. 

 
 

4.6.1.2 Screening	
Screening was done by using an elimination matrix for each sub problem which are presented below. 

Table 7. Elimination matrix for sub problem - Measuring 

Elimination matrix 
for sub problem: Measuring 

Elimination requirements:  
(+) Yes 
(-) No 
(?) More information needed 
(!) Check the product spec. 
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Decision:  
(+) Proceed with concept 
(-) Eliminate the concept 
(?) More information needed 
(!) Check the product spec. 

                Comment Decision: 
1.1 + + + + + + ? Good, but how to build it? + 
1.2 + + + + + + ? Good, but how to build it? + 
1.8 + + + + + + ? Good, but how to build it? + 
1.15 + + + + + + ? Will it return? ? 
1.16 + ? + + + + + Many moveable parts ? 
1.17 + + + + + + ? How to build it in detail? + 
1.19 + + + + + + ? Ok the mill in the HPF? + 

 

4.6.1.3 Concept	scoring	
Below is the scoring of the measuring sub concept with respect to every requirement. 
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Table 8. scoring matrix for sub problem - Measuring 

Weight factor (1-
3) Criteria\concept 1.1 1.2 1.8 1.15 1.16 1.17 1.19 

3 Long life 3 3 3 3 3 3 5 
3 Economic 3 3 3 3 3 3 5 
3 Good precision 5 5 3 5 3 5 5 
2 Efficient (direct result) 5 5 5 5 5 5 5 
3 software (collect data) 5 5 5 5 5 5 5 
2 Do not need much space 3 1 3 3 5 3 5 
3 Reliable 3 3 3 3 3 3 5 
1 Small or no change to HPF 3 3 3 3 3 3 3 
2 Little or none maintenance 3 3 3 3 3 3 3 
3 Don’t reduce function of HPF 5 5 5 5 5 5 5 
3 Don´t misalign 5 5 5 3 3 3 5 
2 Measure all sizes (100-145 mm) 5 5 5 5 5 5 5 

                  
  Sum: 122 118 116 116 114 116 144 

 

These sub concepts include the measure sensor and area that was required later in the project. Based on the 
scores from the matrix but also other aspects sub concept 1.19 is the best sub concept. However, the concept 
has been changed and does not require to mill in the high pressure feeder. So, instead of milling in the high 
pressure feeder a model of the same guide is built a little bit above. This will allow it to be easy to dismount and 
does not change the high pressure feeder. 

Concept 1.1 and 1.2 was also discussed a lot. Compared to each other 1.1 needs less space than 1.2 and will 
therefore be the first runner up. 1.1 will be used if problems are found with concept 1.19. 

 

4.6.2 Mounting	
The second sub problem to solve is the mounting. Below are the results from each part of the concept selection. 

4.6.2.1 First	elimination	
All the sub concepts that made it through the first elimination are shown and described below. 

2.1 Mount using existing holes 
 
By creating a part in metal where everything 
can be mounted and then mount it on the high 
pressure feeder it will be easy to assemble and 
mount it. On the high pressure feeder are holes 
that are used to mount the adjustment cap 
onto the rest of the high pressure feeder. These 
holes can be used to mount the new product. 
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2.2 Mount using existing holes and two parts 
to mount 
 
By using two parts to mount it is possible to 
mount on more than one size of high pressure 
feeder. This will still be robust but can be fitted 
on every size of high pressure feeder. 

 
 

2.3 Hose clamp 
 
A hose clamp that are strapped around the 
fixed part of the high pressure feeder. The 
product can then be mounted on the screw on 
the hose clamp. The hose clamp should be in 
aluminium to withstand the chemicals. By using 
two hose clamps it will get more stable. 
 

 
 

2.4 Weld 
 
Welding the product onto the high pressure 
feeder is a very easy method and will hold it in 
place.  

 
 

2.7 Clamp 
 
A big clamp that can be mounted onto the high 
pressure feeder. The product will then be 
mounted onto the clamp. The clamp has angled 
fixings that can be fitted on all the sizes of high 
pressure feeder. 
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2.8 Scale mount 
 
All the metal scales that have been mounted 
since the 1960´s have been mounted on a 
custom-made mount on the fixed part of the 
high pressure feeder. By mounting it on this it is 
not necessary to do any change on the high 
pressure feeder. 

 
 

4.6.2.2 Screening	
Screening was done by using an elimination matrix for each sub problem which are presented below. 

Table 9. Elimination matrix for sub problem - Mounting 

Elimination matrix 
for sub problem: Mounting 

Elimination requirements:  
(+) Yes 
(-) No 
(?) More information needed 
(!) Check the product spec. 
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Decision:  
(+) Proceed with concept 
(-) Eliminate the concept 
(?) More information needed 
(!) Check the product spec. 

                Comment Decision: 
2.1 + + + + + - + different sizes? - 
2.2 + + + + + + +   + 

2.3 + + + + + - + 
stable? Not standard 
component - 

2.4 + + + + + + - effects of welding? Dismount? + 
2.7 + + + ? ? - ? How to build? - 
2.8 + + + + + + +   + 
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4.6.2.3 Concept	scoring	
Below is the scoring of the measuring sub concept with respect to every requirement. 

Table 10. scoring matrix for sub problem - Mounting 

Weight factor (1-
3) Criteria\concept 2.1 2.2 2.3 2.4 2.7 2.8 

3 Robust 5 5 1 5 3 5 
1 Vibration 5 5 1 5 3 5 
3 No major change to the HPF 3 3 5 3 5 5 
3 Don´t reduce function of the HPF 3 3 5 5 5 5 

3 
Fit more sizes and variations of HPF (140-
280) 1 1 5 5 5 5 

3 Economic 3 3 5 3 1 5 
3 Don’t take much space 3 3 3 5 1 5 
3 Easy to mount 5 5 3 1 5 5 
3 Don’t misalign 5 5 3 3 3 3 
3 Fits all sizes and variations (140-280) 1 1 5 5 5 5 

                
                
                
  Sum: 92 92 106 110 102 134 

 

This sub problem did have a sub concept that was clearly the best. From the current metal scale, that are on 
every high pressure feeder today, there are a custom-made mount where the scales are attached. This mount is 
basically an added horizontal part with two threaded holes that can be used to attach the scale but also the new 
product. 

Even if some sub concepts were eliminated in the screening they will be weighted to show further proof that 
they will not advance as a final sub concept. 

So, the best mounting concept is 2.8. 

4.6.3 Activation	
The third sub problem to solve was the activation. Below are the results from each part of the concept selection. 

4.6.3.1 First	elimination	
All the sub concepts that made it through the first elimination are shown and described below. 

3.1 Button 
 
To be able to activate the system and look at 
the numbers without the need of rotating the 
wheel there should be a button on the display 
that can be pressed at any time to activate the 
system. 
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3.2 Wheel and gear 
 
By having a switch that activates when being 
pushed mounted over the rotating part and 
then have teeth on the rotating part where the 
switch rest. Once the wheel is being rotated the 
switch will be activated by the amplitude 
change of the gear. 
 

 
 

3.3 Rotary switch 
 
By analysing different switches, a rotary switch 
was found. This switch will activate the system 
once it gets exposed to a rotating force. By 
mounting it so that it can be affected by the 
rotating adjustment cap it can activate the 
system as soon as the wheel is getting rotated. 

 
 

3.5 Movement sensor 
 
A movement sensor that is mounted on the 
fixed part of the high pressure feeder that is 
directed towards a disc with patterns or other 
changes that the movement sensor can detect. 
The movement sensor will then activate the 
system when the disc is being rotated.  The disc 
is mounted onto the rotating part. 

 

 

3.6 Pinwheel 
 
Mount a lot of small elastic blades on a disc and 
mount the disc on the rotating part of the high 
pressure feeder. Then mount a button switch 
that will be hit by all the blades when the wheel 
is being rotated. The rotation will then activate 
the system by the blades hitting the button 
switch that will activate the product. 

 
 



28 
 

3.7 Rotary switch and strap 
 
Mount the rotary switch onto a linear slide 
guide. Then mount a strap between the rotary 
switch and the adjustment cap. The rotation of 
the wheel will then be transferred to the rotary 
switch that will activate the system. 

 
 

3.8 Wireless control 
 
A wireless control that will activate the system.  

 
 

3.9 Lock on wheel 
 
By mounting a lock on the wheel that needs to 
be removed to be able to rotate the wheel an 
activation is possible. If a switch is added to the 
lock that activates when the lock is removed a 
way of activating the system is made.  

 
 

3.10 Movement sensor in the room 
 
Mount a wireless movement sensor that is 
aimed to the high pressure feeder. Once an 
operator is going to rotate the wheel the sensor 
will pick up the movement and activate the 
system. 
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4.6.3.2 Screening	
Screening was done by using an elimination matrix for each sub problem which are presented below. 

Table 11. Elimination matrix for sub problem - Activation 

Elimination matrix 
for sub problem: Activation 

Elimination requirements:  
(+) Yes 
(-) No 
(?) More information needed 
(!) Check the product spec. 
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Decision:  
(+) Proceed with concept 
(-) Eliminate the concept 
(?) More information needed 
(!) Check the product spec. 

                Comment Decision: 
3.1 + + + + + + +   + 
3.2 + + + + + + +   + 
3.3 + + + + + + ? Details + 
3.5 + + + + + + ? What target?   
3.6 + + + + + ? ? many moveable parts + 
3.7 + + + + + + ? details, construction? + 
3.8 + + + + + + +   + 
3.9 + ? + + + ? + Ergonomic? More lifting? + 
3.10 + + + + + + + A lot of movement on site + 
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4.6.3.3 Concept	scoring	
Below is the scoring of the measuring sub concept with respect to every requirement. 

Table 12. scoring matrix for sub problem - Activation 

Weight factor (1-
3) Criteria\concept 3.1 3.2 3.3 3.5 3.6 3.7 3.8 3.9 3.10 

3 Easy to use 5 5 5 5 5 5 5 3 5 
2 use little material 5 3 3 3 3 3 3 3 5 
3 Long life time 5 5 3 5 3 3 5 5 5 
1 Use existing mechanics 1 3 3 5 5 5 1 1 3 

2 
Activate with only small 
movement 5 5 5 5 5 5 5 3 5 

3 Use little or none energy 3 5 5 1 5 5 3 5 3 
2 Mechanic (gen 1) 3 5 5 3 5 5 1 5 3 
3 No major changes to the HPF 5 5 3 3 3 3 5 3 5 
3 Don´t take much space 5 5 3 5 3 1 5 3 5 
3 Economic 5 5 3 5 5 3 3 3 3 

 
                    

 
                    

 
                    

  Sum: 111 119 95 99 103 91 97 89 107 
 

By adding a ring with teeth around the adjustment cap this can be used to let the sensor slide along but also to 
activate the system. So, by adding a ring, two sub problems will be solved. In this case sub concept 3.2 is the 
best. 

4.6.4 Capsulation	
The fourth sub problem to solve was the capsulation. Below are the results from each part of the concept 
selection. 

 

4.6.4.1 First	elimination	
All the sub concepts that made it through the first elimination are shown and described below. 

4.1 Fitted box 
 
By creating a metal cover that can be placed 
over the electronic box and the mechanical 
parts everything will be covered. The cover will 
be an external part that covers the electronic 
box and the mechanical parts. The box will have 
a hole for the display and the button.  
 



31 
 

4.2 Box that slides into cover 
 
An IP67-classified box with all the electronics in 
it and then have a cover where the electronic 
box can slide in. This will make it easy to take 
out the electronics in case service is needed or 
battery needs to be changed. There is a lid of 
glass or some transparent plastic that can be 
folded down to cover the electronics box but 
also make it possible to see the display. 

 
 

4.3 Easy to dismount for cleaning 
 
By making it easy to dismount the product it 
will be easy to serve it if something happens or 
battery needs to be changed. There are screws 
for the metal scale that can be used to mount 
the product.  
 

4.4 Mount everything and put a box on it 
 
Mount the electronics and mechanical parts on 
a platform and put a lid on top of it to protect 
it. 

 
 

4.5 A isolating lid 
 
Mount everything inside a box and then put a 
lid on it with a rubber edge that will isolate it 
and keep water, dirt and chemicals. 

 
 

4.6 Drainage 
 
By making a drainage system in the box, water 
will be guided away and will not stay in the box 
and damage the components. 
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4.9 Protected standard box to protect both 
electronics and mechanical parts 
 
There are standard boxes in different sizes that 
are IP67-classified. By having the electronics in 
one small box and the put that box in another 
bigger IP67-classified box together with the 
mechanical parts it will be fully protected. 

 
 

4.6.4.2 Screening	
Screening was done by using an elimination matrix for each sub problem which are presented below. 

Table 13. Elimination matrix for sub problem - Activation 

Elimination matrix 
for sub problem: Capsulation 

Elimination requirements:  
(+) Yes 
(-) No 
(?) More information needed 
(!) Check the product spec. 
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Decision:  
(+) Proceed with concept 
(-) Eliminate the concept 
(?) More information needed 
(!) Check the product spec. 

                Comment Decision: 
4.1 + + + + + + + Depends on other concepts + 
4.2 + + + + + + + Depends on other concepts + 
4.3 + + + + + + + Depends on other concepts + 
4.4 + + + + + + + Depends on other concepts + 
4.5 + + + + + + + Depends on other concepts + 
4.6 + + + + + + + Depends on other concepts + 
4.9 + + + + + + + Depends on other concepts + 
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4.6.4.3 Concept	scoring	
Below is the scoring of the measuring sub concept with respect to every requirement. 

Since this sub problem depends a lot on what other sub concepts will be used it is hard to tell what is best using 
the scores.  

Table 14. scoring matrix for sub problem - Capsulation 1 

Weight factor (1-
3) 

Criteria\concept 4.1 4.2 4.3 4.4 4.5 4.6 4.9 
3 Waterproof (IP67) 5 5 5 5 5 3 5 
3 Protect from waterjet 5 5 5 5 5 3 5 
3 Protect all electronics 5 5 5 5 5 3 5 
2 Easy to change battery 5 5 5 3 3 5 5 
2 Easy to mount 5 3 5 3 3 5 3 
2 Economic 3 3 5 3 3 5 3 
2 Don’t take much space 5 3 5 3 3 5 3 
2 No major changes on the HPF 5 5 5 5 5 5 5 
3 Robust 5 5 5 5 5 5 5 

3 
Fits all sizes and variations (140-
280) 5 5 5 5 5 5 5 

                  
                  
                  
  Summa: 121 113 125 109 109 107 113 

 

It is pretty even with the scores but concept 4.1 and 4.3 seems to be the highest ranked. By adding another 
criterion to the scoring matrix, it is easier to tell what concepts are the best. 

Table 15. scoring matrix for sub problem - Capsulation 2 

Weight factor (1-
3) Criteria\concept 4.1 4.2 4.3 4.4 4.5 4.6 4.9 

3 Waterproof (IP67) 5 5 5 5 5 3 5 
3 Protect from waterjet 5 5 5 5 5 3 5 
3 Protect all electronics 5 5 5 5 5 3 5 
2 Easy to change battery 5 5 5 3 3 5 5 
2 Easy to mount 5 3 5 3 3 5 3 
2 Economic 3 3 5 3 3 5 3 
2 Don’t take much space 5 3 5 3 3 5 3 
2 No major changes on the HPF 5 5 5 5 5 5 5 
3 Robust 5 5 5 5 5 5 5 

3 
Fits all sizes and variations (140-
280) 5 5 5 5 5 5 5 

3 Fits the other sub concepts 5 3 5 3 3 3 3 
                  
                  
  Sum: 136 122 140 118 118 116 122 

 

Since the other sub concepts have been chosen a criterion to fit the other sub concepts is suitable to decide the 
capsulation. And as seen in table 16 capsulation 4.1 and 4.3 are still the best. And since 4.3 is not a full concept 
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but more like a compliment both 4.1 and 4.3 can be realized in the same solution. This is possible by making a 
custom-made cover and attach it to the existing holes used for the current scale. 

 

The four sub concepts that will form the final concept is: 

• 1.19 (1.1) 
o 1.19 is an economic and small sub concept. This will get the job done and still take as little space 

as possible. It is also a cheap concept and can take advantage of the existing mount for the 
current scale. It will also be easy to find standard components to construct this sub concept. 

o 1.1 is a basic concept that might take some extra space. It could be developed to a smaller and 
more efficient concept but since 1.19 is more reliable and take less space sub concept 1.1 will 
only be developed if there are major problems with 1.19. 

• 2.8 
o This is a perfect sub concept since it uses the already existing mount for the current scale. Since 

the goal is to replace the current scale it is a good idea to use the parts on the high pressure 
feeder that was created only to hold the current scale. It is also a robust concept and will align 
good. It is a cheap method since there is no need to drill or thread anything extra. 

• 3.1 and 3.2 
o 3.1 is a requirement. The button will allow the operator to activate the display and look at the 

numbers at any time without having to rotate the wheel. 
o 3.2 Is a good and robust concept that allow small changes to activate the system. The operator 

does not have to think about it since it will work by itself once the operator rotates the wheel. It 
will use the existing rotating mechanics to detect movement and activate the system, so it does 
not need any extra parts. It uses mechanics to activate the system which is a requirement since 
the product will run on battery and cannot be in standby-mode.  

• 4.1 (and 4.3) 
o Since the other concepts require a bottomless construction (no protection from below) most of 

the boxes were eliminated. By designing a cover that protects the product on every side and as 
much as possible from the bottom it will get the most protection but still have a cover that can 
easily be removed and adjusted to the product. 

 

4.7 CONCEPT	DEVELOPMENT	
First a model of the adjustment cap of the high pressure feeder was created in CAD and then each sub concept 
was created and mounted one by one. This was done to create a good flow to design the product. The new 
prototype is modelled for Valmet´s perusal. 

4.7.1 Measuring	
First is the measuring part which consist of a measuring sensor, a measuring area, a linear guide with a runner 
and custom-made parts to keep the component together. 

The linear guide is a standard component where an associated runner is mounted onto it. This linear guide is 
mounted onto a piece of stainless steel with two holes. The two holes are used to mount it onto the high 
pressure feeder. This will be the base of the product.  

On the rotating part of the high pressure feeder an aluminium ring will be mounted that will guide the sensor 
along the measurement area. 

Another piece of stainless steel is mounted onto the runner on the linear guide. On this piece, a holder for the 
measurement sensor is mounted as well as four bars with bearings on them which will make sure the runner 
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follows the wear without misalign. The bearings will work as wheel that rolls along the mounted ring. The ring 
will push the runner with the sensor along with the wear. 

The sensor has two holes in it that will be used to mount the sensor onto the holder for the sensor. 

The measuring area will be mounted in a profile of stainless steel where the sensor can slide through without 
misalign. The profile where the measurement area is mounted is a U-profile that will be mounted on both ends 
of the linear guide. This will create a boxing situation, so the runner cannot leave the linear guide.  

4.7.2 Mounting	
To be able to mount the product, already existing holes from where the current scales used to be mounted will 
be used. This is where the piece of stainless steel with two holes are mounted. It is an easy way to mount and it 
will fit all the different sizes since every high pressure feeder have a levelled mount for the current scale with 
two threaded holes. 

The piece of stainless steel with two holes in it is a rectangular profile. The two holes are in the bottom and on 
top are a cut out where the cord can run through from the measurement sensor two the electronical box. 

The rectangular profile that will be used to mount will also be used to mount the electronic box which is a 
standard component, IP67-classified box. In this box, all the electronics will be placed and the only thing that is 
necessary to know in this project is the size and the mounting ability. 

4.7.3 Activation	
The concept of activation was to have teeth on the added aluminium ring were a switch will feel the rotation of 
the wheel. However, there was a late change in the requirement specification and the product does not need to 
be energized by battery. Instead, electricity will be from a 230 Volts wall socket which means that the product 
will be in standby-mode and can use the measuring sensor to detect change and activate the system. 

So, this part will not be in the final product. 

4.7.4 Capsulation	
The capsulation will be a cover that easily can slide onto the electric scale and mounted using 4 bolts. The cover 
will be a box made from stainless steel that will protect the mechanics from water and dust. The cover will also 
protect the electronic, but it will also create a more uniform design. 

4.8 MATERIAL	
Most of the components used in this new prototype are standard components and manufactured by an external 
company that promise an IP67-classification of the products. 

The components that needs to be manufactured exclusively for this product will use a stainless steel that Valmet 
have used previously for similar products. Since Valmet have many years of experience in the paper mill industry 
the material chosen for this job is a material that Valmet engineers have chosen for this special environment.  

Due to all the research done on what material to use in a paper mill no further investigation were done in this 
master thesis. 

4.9 INDUSTRIALIZING	
Since the start of the project it has been important that the final product should be industrialized. What that 
means in this context is that Valmet will be provided with all the information needed to start to produce this 
product in a smaller series.  

Valmet will be provided with a complete list of all the standard components that are needed to buy for this 
product including, measuring sensor, measuring area, screws, linear guide. The list will also have information on 
where each component can be bought and to what price. The companies where the standard components can 
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be bought will mostly be companies that Valmet already have relationship with or companies based in 
Scandinavia. 

Valmet will also be provided with all the drawings of the components that needs to be manufactured. The 
components that needs to be manufactured will all be made from the same material and that material is going 
to be a metal sheet that will be cut, drilled, milled and bent. The material to be used is a stainless steel. 

A manual was created where Valmet can read step by step how to manufacture all the components and how-to 
assembly everything into the final product. 

Last of all Valmet will have all the information and ideas from this project to use when a new product will be 
developed that are similar.  
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5 DISCUSSION	
In this chapter, the project and the result are discussed, and opinions are shared. There is also a part with 

suggestion for future work. 

5.1 	FINAL	PRODUCT	
The final product solves all the problems and lives up to all the requirements. It is a smaller product that is easy 
to mount. With fewer parts and fewer moveable parts the new concept is more robust and will have a longer life 
span. 

During the concept generation process a lot of concept were developed for the measurement sub problem. Sub 
concept that would use several different methods to measure the distance. Later in the project the requirement 
specification was changed and most of the concept was eliminated for this project which made the idea of the 
new concept a lot different. However, there will be a new generation of this product developed in the future and 
Valmet will then use the ideas from this project as inspiration for the next generation.  

The mounting of the product will now use the same holes as the previous scale. This will make it easier and safer 
to mount since the holes used to mount the current prototype served a purpose for the high pressure feeder. It 
will also make it possible to mount it on all the sizes of high pressure feeder without any modifications. 

The sub problem that was the hardest to solve was the activation of the product. A lot of time was spent on this 
part. The idea of the product at this point was to use battery and a wireless measurement method. The 
requirement to use batteries made it necessary to use a mechanical movement of the high pressure feeder to 
activate the system since the stand-by mode would drain the batteries. This made it complex to come up with a 
concept that could activate the system using a mechanical movement whilst the rest of the product do not have 
contact to the moveable parts of the high pressure feeder. After some discussion with the global development 
team the requirement changed from batteries to an unlimited power supply which made all the concepts 
irrelevant. Since there is going to be a new generation of this product Valmet will use the ideas from this project 
to develop the activation on the new product as well.  

The capsulation on the final product is a cover that easily can be fitted to the product and fixed using screws. 
The cover will protect from water, steam, chemicals and dust to get to the product. Even if the cover would let 
trough some of the mentioned above, it would not be a risk since all the parts are IP67-classified. 

Since this product are mounted securely and rested on four bars in the other end there are no forces that needs 
to be calculated. The only force that are acting in this product is the force from the weight of the electronic box. 
But since the electronic box is mounted to the fixed part of the high pressure feeder it does not affect the 
mechanism that measure the wear distance. 

There was no need for a material selection for this product since all the components are standard components 
and IP67-classified. The only parts that you cannot buy from the shelf are parts that are used to assembly all 
together. This material however is already decided by Valmet. The material is a sheet of stainless steel that can 
withstand the water and chemicals in a paper mill.  

Overall the product is good but can be improved by changing some of the requirements. Since the electronics 
and software was decided some parts was required in the final product. By choosing different electronics the 
product could become smaller, more efficient and use less energy. By using some of the sub concepts developed 
a better product can be developed. 

5.2 PROCESS	
The process was good, and it was easy to follow the steps in the product development process. The process 
followed was a general process, so it had to be modified to fit this project. Some parts were not possible such as 
building a prototype. In the beginning of the project there was a plan to have time to build a functional 
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prototype but when the product requirements change late in the project there was no time left for this. Because 
this project has been in the process for some years there are many people that have been on the project at 
some point and have a lot of input for this master thesis. However, these people are on different offices around 
Europe and even on other companies, so the input was added at various times throughout the project 
simultaneously as the requirements specification was changed by the global development team. 

During the concept generation part, everything went smooth and a lot of help was given from the people 
working in the same department by attending workshops and discussing sub concepts. The concept scoring was 
done as a workshop as well. This workshop was planned to go through each sub concept and set the score on 
how good it solved all the requirements. This was changed early in the meeting since it would have taken too 
much time. Instead all the sub concept was discussed, and all the data, input and opinions were gathered to 
then set the scores. This saved a lot of the time for the people helping with the workshop and the scores are 
would probably not be any different if all the scoring would have been done at the workshop. The winning sub 
concepts would be the same. 

5.3 PLANNING	
The GANT-scheme that was done early in the project was a roughly plan to follow during the master thesis. This 
plan was not followed that much since a lot of changes were made in the project goal and requirements. 

The original goal of this project was to industrialize an already existing functional prototype, but after a while 
this was changed to develop a new concept which changed the outline and planning of the project. The product 
was still going to be industrialize, so the final goal of the project got bigger. The part that was added, concept 
development, was the part that took the most time due to the many changes in the requirements specification. 

During the first part of the master thesis it was written at another company that Valmet had hired to develop 
the electronics and software for this product. The thesis was moved to Valmet hastily and Valmet did not have 
time to have a clear project requirement which is one of the reasons for the requirements and goals were 
changed during the project. 

The goal was reached but with a tighter time schedule than planned. A concept was developed in detail so that 
Valmet have all the information necessary to industrialize the product.  

5.4 FUTURE	WORK	
The product is now constructed, and Valmet now have all the information they need to build the product in a 
cheap way to be able to industrialize it. First a prototype needs to be built and implement it to a functional high 
pressure feeder to make sure that the product can withstand the environment at the site.  

After the prototype have been tested the product can now be made in a small series and sold as an addition to 
the high pressure feeder. 

Valmet are sometimes in the future develop a new generation of this product and by using this report as 
inspiration a lot of time will be saved from the concept generation. 
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6 CONCLUSIONS	
During this master thesis project, a new concept to measure wear on a high pressure feeder have been 
developed. It has only focused on the mechanical parts of the products since the electronical parts and the 
software have been developed by an external company. 

The requirement has been changed throughout the project by the global development team which causes some 
difficulties. The original idea was to industrialize a functional prototype but a requirement to create a new 
concept as well was added which was the part that took the most time. 

The previous product was a steel scale that was mounted onto the high pressure feeder which now will be 
changed to the new developed product. 

The new product does not need any operator. It will automatically gather all the data and store it instead of an 
operator manually reading the scale and write it down to store it. Another advantage of the new product is that 
it calculates the estimated time of when the high pressure feeder needs service based on the wear rate. This will 
make it easier for the company to plan the service and it will make it easier for Valmet to prepare for when the 
high pressure feeder comes for service. 

The new product is waterproof and can managed to be in a paper mill process where there are chemicals such 
as white liquor. During the development, it was important that all the components were IP67-classified which 
basically means it is waterproof.  

The product is developed in such a way that it is possible to industrialize it. In this case it means that all the 
components are standard components and can be bought “right of the shelf”. Valmet have been provided with a 
list of all the components and where to buy them and they have also been provided with a manual on how to 
build the product. Thus, for reasons of confidentiality due to the industrialization of the product it is not possible 
to publish a detailed description nor CAD-illustrations of the final product. 

Future work is for Valmet to build the product and test it out on a functional high pressure feeder on site for a 
few months to make sure it works. Then they can start to make a smaller series of these products and sell as an 
addition to the high pressure feeder.  
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9 APPENDICES	

Appendix	I	–	Sub	concepts	
1	MEASURING	
1.1 moveable measuring sensor and fixed 
measuring area 
 
This sub concept will mount the measuring area 
onto the fixed part of the high pressure feeder 
and then let the measuring sensor slide along 
the using the linear motion of the adjustment 
cap. 

 
 

1.2 Moveable measuring area and fixed 
measuring sensor 
 
This sub concept will have the sensor fixed onto 
the fixed part of the high pressure feeder and 
instead let the measuring area move along the 
sensor using the linear motion of the 
adjustment cap. 

 
 

1.3 Measure distance with laser 
 
By analysing similar products, a method was 
found where distance could be measured with 
laser with a high accuracy. By mounting a laser 
sensor onto the fixed part of the high pressure 
feeder and then mount a disc or like the 
rotating part it is possible to measure the 
distance. 

 
 

1.4 Digital Calliper 
 
During the analysing of similar products, one 
came across digital callipers which are basically 
measure a linear distance using mechanical 
parts and programmed measure areas to obtain 
a high accuracy on the measured distance. So, 
by using a calliper or by using the same method 
it is possible to measure the wear distance. 
  



 
 

 

1.5 Using digital measuring tape 
 
By analysing other products that measure linear 
distance one came across a digital measuring 
tape. Like a regular tape measure but it also had 
a screen on it where it displayed a more 
accurate distance than what a human can read. 
The accuracy is good enough for this project. By 
using a digital tape measure or the same 
method it is possible to measure the linear 
wear distance.   
 

1.6 Count each rotation 
 
This sub concept was inspired by pinwheel and 
a measuring wheel. A measuring wheel is a 
wheel with a handle. The wheel has a perimeter 
that is exactly one meter (for example) and it 
makes a clicking-noise after every full rotation. 
The newer models can also register each 
rotation. By using the same method, it should 
be possible to measure each rotation of the 
adjustment cap. And since the increase of the 
thread is known the linear distance could be 
calculated. By adding more pins, it could be 
possible to measure each quarter of a rotation 
or even smaller to get better resolution. 

 
 

1.7 Mount display on roller bearing on wheel 
 
Since the operator are standing in front of the 
wheel when rotating it, it should be a good idea 
to have the display on the wheel. There are not 
any fixed parts on the wheel, everything 
rotates. By mounting a roller bearing in the 
centre of the wheel and then mount a box onto 
the bearing with a heavier part at the bottom 
the display should be upright at all time and do 
not rotate with the wheel. And by using the 
rotation of the wheel the wear distance can be 
used by register each rotation of the wheel. It is 
also possible to measure the rotational angle to 
get even better resolution.  
 



 
 

1.8 Rotating measuring area and fixed 
measuring sensor 
 
There are measuring areas that are flexible, so 
it is possible to mount it around the rotating 
adjustment cap. And then mount a sensor on 
the fixed part of the high pressure feeder that 
can measure the rotation of the wheel and 
register each full rotation. The rise of the thread 
is known so by register the rotating angle the 
linear distance can be calculated. By using 
telescope linear guide to hold the sensor, it can 
follow the wear distance. 
 

 

 

1.9 Measure angle with laser 
 
By mounting a disc onto the rotating 
adjustment cap and place laser sensors on the 
disc and then let a laser be mounted on the 
fixed part and read the sensors while they 
rotate. This method let the laser measure each 
time it has rotate a certain angle and by 
knowing the rise of the thread the linear 
distance can be calculated. 

 
 

1.10 Using a digital dynamometer 
 
There is digital dynamometer that measure the 
force it is being exposed to. By mounting a 
dynamometer between the fixed part and the 
adjustment cap it will show a force depending 
on how far away the cap is. The further away 
the higher pulling force. The digital outcome is 
in newton and it can then be translated to a 
distance. 

 

 

1.11 Use hydraulic or pneumatic measurement 
 
By using a hydraulic/pneumatic measuring 
device between the adjustment cap and the 
high pressure feeder the pressure can be 
recorded. The outcome will be in Pascal and can 
then be calculated to a distance by using: 

ℎ =
𝑃

𝛒 ∗ 𝐠
 

To calculate the wear distance. 
 

 



 
 

1.12 using teeth and a sensor 
 

There are sensors that register each time it is 
being pulled or pushed. By mounting a band 
with teeth on the high pressure feeder and let 
the sensor feel the teeth it can calculate the 
distance travelled. This can be mounted linear 
and let the sensor be pushed by the adjustment 
cap or mount the band on rotating adjustment 
cap and let the sensor register the rotation and 
calculate the distance.  

 

 

1.13 Using the rotation of the wheel 
 
By mounting a moveable pin onto the fixed part 
of the high pressure feeder and let it rest on the 
spokes of the wheel it can then register each 
time the wheel has turned 45 degrees and 
convert that into linear distance from the 
knowledge of the rise of the threads. 
 

 
 

1.14 Micrometre 
 
A micrometre basically turns a rotating 
movement into a linear movement and 
measure it with a high resolution. By using the 
same method, the wear distance could be 
measured in this project. 

 
 

1.15 Push the sensor 
 
Since there is an edge from the adjustment cap 
it could push the sensor while moving. By the 
mount a measuring band, that the sensor can 
read from, on top of the sensor it can measure 
the distance travelled (wear distance). 
 

 
 



 
 

1.16 measure vertically 
 
By putting to rotating bars that cover half of the 
stroke length each and link them together they 
will rise when pushed together by the 
adjustment cap. The middle part will rise 
vertically and by mounting a measuring sensor 
on it and mount a measuring band on the fixed 
part it can measure the distance. This will make 
the measuring distance half of the stroke 
length.  
 

1.17 Gears and a slide 
 
Mount a gear onto the adjustment cap and the 
let a sensor that can count the teeth slide along 
the gear. Walls on the gear will make it possible 
for the sensor to slide along. Each gear will 
correspond to a change in angle that can be 
translated to a change in linear wear direction 
by the knowledge of the rise of the thread.  
 

1.18 Push sensor up 
 
Mount a conical part around the rotating 
adjustment cap and then have a rod be pushed 
up when the adjustment cap is moving towards 
the high pressure feeder. The rod will be 
mounted onto a sensor that will be pushed up 
against the measuring area by the rod. The 
distance will be vertically and smaller which 
reduce the amount of material needed. 

 
 

1.19 Milling track for the sensor 
 
By milling a track where the measuring sensor 
can slide over the measuring area the wear 
distance can be measured and will not need 
much space to do so. 

 
 



 
 

2	MOUNTING	
2.1 Mount using existing holes 
 
By creating a part in metal where everything 
can be mounted and then mount it on the high 
pressure feeder it will be easy to assemble and 
mount it. On the high pressure feeder are holes 
that are used to mount the adjustment cap 
onto the rest of the high pressure feeder. These 
holes can be used to mount the new product. 

 

 

2.2 Mount using existing holes and two parts 
to mount 
 
By using two parts to mount it is possible to 
mount on more than one size of high pressure 
feeder. This will still be robust but can be fitted 
on every size of high pressure feeder. 

 
 

2.3 Hose clamp 
 
A hose clamp that are strapped around the 
fixed part of the high pressure feeder. The 
product can then be mounted on the screw on 
the hose clamp. The hose clamp should be in 
aluminium to withstand the chemicals. By using 
two hose clamps it will get more stable. 
 

 
 

2.4 Weld 
 
Welding the product onto the high pressure 
feeder is a very easy method and will hold it in 
place.  

 
 



 
 

2.5 Moveable and lockable arms 
 
This sub concept is inspired by the phone 
holders used in cars. These arms can be moved 
towards each other and be locked. Then the 
arms can rotate and fitted due to what size of 
high pressure feeder it is. 
 

 
 

2.6 Strong Magnets 
 
Use strong magnets that can be placed 
anywhere on the high pressure feeder. This will 
make it easy to mount and dismount in case 
there is need of service. 

 
 

2.7 Clamp 
 
A big clamp that can be mounted onto the high 
pressure feeder. The product will then be 
mounted onto the clamp. The clamp has angled 
fixings that can be fitted on all the sizes of high 
pressure feeder. 
 

 
 

2.8 Scale mount 
 
All the metal scales that have been mounted 
since the 1960´s have been mounted on a 
custom-made mount on the fixed part of the 
high pressure feeder. By mounting it on this it is 
not necessary to do any change on the high 
pressure feeder. 

 
 



 
 

3	ACTIVATIONS	
3.1 Button 
 
To be able to activate the system and look at 
the numbers without the need of rotating the 
wheel there should be a button on the display 
that can be pressed at any time to activate the 
system. 

 
 

3.2 Wheel and gear 
 
By having a switch that activates when being 
pushed mounted over the rotating part and 
then have teeth on the rotating part where the 
switch rest. Once the wheel is being rotated the 
switch will be activated by the amplitude 
change of the gear. 
 

 
 

3.3 Rotary switch 
 
By analysing different switches, a rotary switch 
was found. This switch will activate the system 
once it gets exposed to a rotating force. By 
mounting it so that it can be affected by the 
rotating adjustment cap it can activate the 
system as soon as the wheel is getting rotated. 

 
 

3.4 Pressurized cover for the wheel 
 
By having a pressurized tube around the wheel 
with a sensor that could detect change in 
pressure it can be activated. When the operator 
is going to rotate the wheel, the tube will get 
compressed and it will be a change in pressure 
that activates the system. There are switches 
that activates due to change in pressure. 

 
 



 
 

3.5 Movement sensor 
 
A movement sensor that is mounted on the 
fixed part of the high pressure feeder that is 
directed towards a disc with patterns or other 
changes that the movement sensor can detect. 
The movement sensor will then activate the 
system when the disc is being rotated.  The disc 
is mounted onto the rotating part. 

 

 

3.6 Pinwheel 
 
Mount a lot of small elastic blades on a disc and 
mount the disc on the rotating part of the high 
pressure feeder. Then mount a button switch 
that will be hit by all the blades when the wheel 
is being rotated. The rotation will then activate 
the system by the blades hitting the button 
switch that will activate the product. 

 
 

3.7 Rotary switch and strap 
 
Mount the rotary switch onto a linear slide 
guide. Then mount a strap between the rotary 
switch and the adjustment cap. The rotation of 
the wheel will then be transferred to the rotary 
switch that will activate the system. 

 
 

3.8 Wireless control 
 
A wireless control that will activate the system.  

 
 



 
 

3.9 Lock on wheel 
 
By mounting a lock on the wheel that needs to 
be removed to be able to rotate the wheel an 
activation is possible. If a switch is added to the 
lock that activates when the lock is removed a 
way of activating the system is made.  

 
 

3.10 Movement sensor in the room 
 
Mount a wireless movement sensor that is 
aimed to the high pressure feeder. Once an 
operator is going to rotate the wheel the sensor 
will pick up the movement and activate the 
system. 
 

 
 

3.11 Platform in the ground 
 
A big platform in front of the wheel that sense 
when someone is standing on it. It will then 
activate the system. So, if an operator is going 
to turn the wheel, the operator need to stand 
on the platform that can activate the system. 

 
 

4	CAPSULATIONS	
4.1 Fitted box 
 
By creating a metal cover that can be placed 
over the electronic box and the mechanical 
parts everything will be covered. The cover will 
be an external part that covers the electronic 
box and the mechanical parts. The box will have 
a hole for the display and the button.  
 



 
 

4.2 Box that slides into cover 
 
An IP67-classified box with all the electronics in 
it and then have a cover where the electronic 
box can slide in. This will make it easy to take 
out the electronics in case service is needed or 
battery needs to be changed. There is a lid of 
glass or some transparent plastic that can be 
folded down to cover the electronics box but 
also make it possible to see the display. 

 
 

4.3 Easy to dismount for cleaning 
 
By making it easy to dismount the product it 
will be easy to serve it if something happens or 
battery needs to be changed. There are screws 
for the metal scale that can be used to mount 
the product.  
 

4.4 Mount everything and put a box on it 
 
Mount the electronics and mechanical parts on 
a platform and put a lid on top of it to protect 
it. 

 
 

4.5 A isolating lid 
 
Mount everything inside a box and then put a 
lid on it with a rubber edge that will isolate it 
and keep water, dirt and chemicals. 

 
 

4.6 Drainage 
 
By making a drainage system in the box, water 
will be guided away and will not stay in the box 
and damage the components. 

 
 

 



 
 

4.7 Make it hard for the water to reach the 
components 
 
By making levels of protection it will be harder 
for dirt, water and chemicals to reach the 
components. And by implement a drainage 
system the water will be guided away and not 
make prolonged damage. 

 

 

 

 

 

 

 

4.9 Protected standard box to protect both 
electronics and mechanical parts 
 
There are standard boxes in different sizes that 
are IP67-classified. By having the electronics in 
one small box and the put that box in another 
bigger IP67-classified box together with the 
mechanical parts it will be fully protected. 

 
 

 

  

4.8 Coating 
 
There are coating sprays that can be applied 
onto any electronics to make it waterproof. By 
coating everything with this spray there is no 
need for other covers. 

 



 
 

Appendix	II	–	Dimension	and	variations	of	
high	pressure	feeder	
 

During this project, a lot of drawings of high pressure feeders was analysed. This was done to gather information 
about different sizes and variations to make sure the new product could fit as many as possible.  

The important dimensions of the high pressure feeder were listed in a table. Then all the drawings were 
analysed, and the dimensions was documented. 

Here are the dimensions of interest: 

 

Figure 5 show a high pressure feeder with the measurement of interest of this project 

Below is the dimension from some of the drawings: 

* = edge mount for current scale exist 
1 or 2 = version 1 or version 2 

  



 
 

 

Table 16. The measurements of interest 

size (in Litres) 165 260 420 420 420 650 650 650 650 900 900 1500 

1 Radius       20       21 19 24 24 25 
2 radius       165       205 206 285 284 290 

3 radius       158       199 200 278 278 276 

4       4       6 3 5 5 8 

5       19       20 20 21 21 21 

6       3       5 3 5 6 12 

7  120  130  135 136  135  145 145  147 146 152 152 145 

8 radius       316       377 377 485 484 482 
9       74       85 84 100 100 108 

10  5  5  5 3  5  5  5 5 4 5 17 24 
other 
notations 1,* 1,* 1,* 2,* 1,* 1,* 1,* 2,* 2,* 2,* 2,* 2,* 

wear distance  100 100 100 100 100 120 120 120 120 145 145 145 

# of (1)       12       16 16 20 20 20 

year       1977       1971 1971 1965 1965 1991 
 

The dimension of the version 1 was not the same dimension so only 7, 10 and wear distance was in interest. 

Version 1: 

 

Figure 6 shows version 1 of the adjustment cap 

Version 2: 



 
 

 

Figure 7 shows version 2 of the adjustment cap 

From the information gathered about all the high pressure feeder it was given that about 70 percent of all the 
high pressure feeder was version 1. However, a 100 percent of the studied high pressure feeder had the mount 
for the current scale.  

  



 
 

 

Appendix	III	–	Requirement	Specification	
 

1) Concept that are ergonomically 
a) Right angle of the display 
b) Right position on the display 
c) No unnecessary step when using the scale 

2) Concept that have long life time 
a) Right material 
b) Few parts 
c) No special manufactured parts 

3) Measure wear of the rotor in a high pressure feeder 
a) Calculate how much time it is left to service 

i) Mm 
ii) % 
iii) Time 

b) Move mechanical parts with the wear 
4) Protect the electronics 

a) From dirt 
b) From chemicals 
c) From vibration 
d) From water 

5) Exact and safe measuring 
a) More decimal (0.01 mm) 
b) Always possible to count on the given value 
c) Avoid misalignment 

6) Long life time 
a) Robust 
b) Ip67 
c) Manage vibration 
d) Few parts 
e) Right materials 
f) good source of energy 

7) Avoid misalignment 
a) Forces in few directions 
b) Centred forces 
c) No forces that creates lever 

8) No dangerous materials or concepts 
a) No dangerous material 
b) No dangerous surface treatments 
c) No dangerous laser or other radiation 

9) Use resources that Valmet have access to 
a) Buy parts from current contacts to Valmet 

10) Commercial thinking 
a) General thinking 
b) Mass production 
c) Cheap solutions 
d) Use standard components (“Off the shelf”) 

11) – 



 
 

12) Ensure that production and mounting is done right 
a) Easy, clear and complete solutions 

13) The usage should be clear 
a) Correct usage gives good ergonomics 
b) Instruction manual included 
c) Pre-settings that only Valmet can control 

14) Low operating costs 
a) Activates when used 

i) Otherwise energy efficient mode (stand by) 
b) Long life time on mechanical parts 

i) Low maintain costs 
15) Easy to do right, hard to do wrong 

a) The usage of the product should be clear from its design 
16) – 

  



 
 

Appendix	V	–	GANT-scheme	
 

Table 17. The GANT-scheme 

  Week 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

  Actions                                         

1 Pre-study                                         

2 Product specification                                         

3 concept generating                                         

4 Design review                                         

5 Write of report                                         

6 Submission for final check                                         

7 Presentation                                         

8 Submission                                         
 

This GANT-scheme was used to get an idea of what should be done during what week of the project. 

 


