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Abstract 
The fuel filters are an important component in the fuel system. The filter separates 
harmful contamination from the fuel to protect the other components.   

To be able to test fuel filters in a simulated environment Scania wants to develop a 
new fuel filter test bed. The demand is to test at least two filter pairs that experience 
the same pressure and flow as they do in a vehicle. To be able to use the rig for many 
years it has to be adaptable for the next generations of filters and filter houses. There 
is also a demand that the rig is mobile and can be run at different locations, attached 
to different types of fuel tanks.  

The projected resulted in a final concept of the fuel filter test bed and a prototype. 
The prototype of the rig is not a copy of the concept, but a smaller version of the 
concept to test some of its functions. The prototype rig worked as hoped for. 

Keywords: Fuel filter test bed, test rig
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Sammanfattning	  
Bränslefiltren är en viktig komponent i bränslesystemet. Bränslefiltret separerar bort 
skadliga föroreningar från bränslet för att skydda de andra komponenterna. 

För att testa bränslefiltrena i en simulerad miljö vill Scania utveckla en ny 
bränslefiltertest rigg. Kraven på denna rigg är att minst två bränslefilterpar ska kunna 
testas som upplever samma tryck och bränsleflöde som de skulle uppleva i ett fordon. 
För att kunna använda denna rigg framöver måste riggen vara anpassningsbar till 
nästa generations filterhus. Ytterligare ett krav från Scania är att riggen är mobil och 
kan användas på olika platser för att kunna kopplas till olika bulktankar.  

Projektet resulterade i ett slutgiltigt koncept av den mobila filter testriggen samt en 
fungerande prototyp av riggen. Prototypen är inte en kopia av konceptet utan en 
mindre version för att testa konceptets funktioner. 
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Introduction 
The fuel filter in a heavy-duty truck protects the fuel system from harmful 
contamination by separating and retaining particles and water from the fuel. Without 
it, the engine would cease working due to the contaminations in the fuel that reaches 
the sensitive components of the fuel system (Lakshminarayanan, 2012). To lower the 
fuel consumption and emission from the engine, the injectors are developed which 
leads to even finer tolerances, hence the accepted size for particles that passes though 
the filter needs to decrease as well.  	  
The understanding of filtration is therefore more important and further tests on 
filtration ability are needed. Sutherland (2008, p.18) claims that:  

“This ability to trap particles smaller than the apparent aperture size is a very 
important characteristic of filter media, and shows that media need to be tested.” 

However, fuel filter testing today does not provide as much data as required to make 
an accurate estimation of fuel efficiency. At the moment fuel filter tests here at Scania 
are done either by the fuel filter manufacturer or in field tests on vehicles here at 
Scania.  

The test done by the filter manufacturer is strictly controlled and must be repeatable. 
Since it is an external part that is responsible for these tests Scania have no control of, 
or cannot change any fuel parameters like fuel quality, pressure or fuel flow.  

The other type of fuel filter test is done by collecting data from a fuel filter in a vehicle 
driving on the road. The main information from these tests is collected when the 
filters are analysed at Scania. These test provide information about how long time the 
filter has been out in the field and how much particles it has collected, but it does not 
provide information about the quality of the fuel that has been used, nor does it 
measure the amount of fuel that have passed through the filter, both which are 
important to know for measuring filter efficiency.  

Therefore, Scania wants to develop a new way to analyse fuel filter in-house. The idea 
is to build a filter test bed that is able to simulate the fuel system in the engine and 
measure data concerning the fuel and the filters during a filter life test. The wish is to 
create the rig as flexible and mobile as possible to broader the testing possibilities. It 
is also a demand from the client company (Scania) to be able to run two filters 
simultaneously in the rig.  

The development and production of a functioning fuel filter test bed is a good 
investment for Scania, if it can provide the wanted information for a long time after 
implementation. But Scania’s products will continue develop over the years and the 
fuel system and the fuel filters may not work or look the same in a couple of years. 
How can a filter test bed be designed to allow changes of the product it will test?  
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To be able to test the filters on large amount of fuel, and to test alternative diesel fuel, 
Scania wants to have a mobile fuel filter test bed. The idea is that the test bed are 
moved and placed near a bulk tank, running the bulk tank fuel through the rig and 
then back to the tank. This will allow a great amount of data for Scania, as well as a 
cleaner fuel for the owner of the bulk tank.  

Problem formulation  
One of the challenges in building this test bed is to create an environment as similar 
to the real fuel system as possible, even though almost half of the components will be 
subtracted and new components will be added. New components like particle counter 
and pressure sensors will be added to collect data from the system, without 
disturbing the fuel flow or the filters efficiency.  

Difficulties concerning the flexibility are also one of the main challenges in this 
project. How do we design a test bed that is able to contain and test different types of 
fuel filters, even though these filters may have different dimensions and different 
attachments?  The first problem that this project addresses is:  

• How to design a filter test bed for more than one filter pair, while still 
simulating the real system, which normally only has one filter pair?  

Another challenges in the project concern the flexibility.  

• How to design a test bed that is able to contain and test different types of fuel 
filters, even though these filters may have different dimensions and different 
attachments?  

The goal of this project has been to develop a concept for this fuel filter test bed, as 
well as to build a smaller prototype to see if our concept works. The aim is to deliver a 
concept that can be a starting point for the following developers of a future fuel filter 
test bed.  

Project stakeholder 
In this project Scania is the primary stakeholder with a wish to develop a mobile filter 
test rig. This test rig can help Scania evaluate the fuel filters in house in a way that is 
not possible today.  

If the test bed can be placed at a bulk tank, it would be benefit for the owner of the 
tank, since the filter test bed actually cleans the fuel. A cleaner fuel leads to less wear 
on the fuel system and the vehicles run on the filtrated fuel might last a bit longer. 

In a longer perspective it might as well be an advantage for the costumers of a Scania 
vehicle if the test rig can help to develop a more stable and better product.   
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Project scope 
This project was carried out by two students with separate main tasks has their 
subject for an individual master thesis. The two main tasks that the project was 
divided in was: 

1. Measuring and evaluate the fuel filters in the rig 
2. Constructing a flexible attachment for the fuel filter houses and create concept 

layout for the whole test bed. 

The first task was done by Eric Lindmark, which can be read more in Eric’s master 
thesis report (Lindmark, 2014). This report describes the other task, creating a 
concept layout for the test bed as well as creating a solution for attaching the fuel 
filter houses in the rig. 

The time spent on this project was approximately 40 hours a week in 20 weeks, per 
person. The project started in the end of January 2014.  
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Filter Theory 
The following chapter contains information concerning filtration mechanisms, the 
fuel system, what might affect the fuel efficiency and how filter efficiency tests are 
done. Also, previous work in this field of research is discussed below. This is to give 
the reader good background knowledge for further reading and understanding of the 
result.    

Earlier work 
Scania’s closest supplier of fuel filter has earlier built a test rig for evaluating fuel 
filter efficiency and to try two filters at the same time. Scania’s rig will share some of 
the features that this rig have, for example the ability to test two sets of filter pair and 
the ability to run the test bed outdoors. However, the concept for the Scania test bed 
will be a lot more flexible and mobile. One of the major aims of this project is to 
develop the concept as flexible as possible, with the ability to change fuel filters and 
other components, move the placement of the components in the rig, as well as be 
able to move the whole rig to another location.  

Other degree projects 
Earlier degree projects (Nyström, 2012) have done a pre-study to evaluate the needs 
for a filter test bed. This project where more involved in introducing a computer in 
the existing rig, to make it easier to control the rig and collecting data. This study did 
not involve questions like usability or flexibility that this project does.  

Another degree project is a project done by Hakan Ayranchi’s, (Ayranchi, 2010), 
called Design performance evaluation of a fuel filter. The purpose of Ayranchi’s work 
is to investigate the performance of fuel filter when exposed to different 
circumstances. Test with changing particle size and vibration test have been made. 
This project has been a good resource for my work. However, this test rig is build only 
for testing in laboratory environment. The design of the rig is build for research 
purpose only.  

Diesel Engine 
Scania is running most of their vehicles on diesel or biodiesel. These engines are 
under the category internal combustion engines. The diesel engine is also known as a 
compression ignition engine, sometimes abbreviated to CI engine (Heywood, 1988). 
A compression ignition engine does not need any other ignition than the heat from 
compressing the air and the fuel.  

The Fuel system 
The fuel system provides the fuel from the tank to the engine for combustion. It 
contains all the components from the fuel tank to the injectors, right before the 
combustion chambers. These components in order from fuel tank to combustion are 
the pre-filter, low pressure pump, main filter, fuel metering valve, high pressure 
pump, accumulator, injector and then a fuel manifold for return fuel.  
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Fig.1 Picture of an XPI fuel system [Scania image]  

1. Low pressure pump 2. Fuel filter house 3. Electrical heater 4. High pressure pump 
5. Accumulator 6. Rail pressure sensor7. Safety valve 8. Fuel manifold for return fuel 

9. Injector 

At Scania, there are three different types of fuel systems. In this project I will only 
focus on the XPI system. XPI is a short form eXtra high Pressure Injection. Higher 
pressure in the injectors leads to a finer spray of fuel into the combustion chamber, 
which results in a more efficient combustion and lower levels of particle matter. 

Feed Pump 
In the engine there is a mechanical feed pump, driven by the crankshaft. This pump is 
located between the pre-filter and the main-filter. The feed pump flow varies from 
around 2 l/min to up to around 6 l/min on the 13 Litres engine. 

Fuel Filters 
Fuel filter is used on heavy-duty vehicles to separate particles and water from the 
fuel. These particles or contaminations are harmful for the engine, especially the fuel 
system. To eliminate wear on the engine from contamination from the fuel, at least 
one fuel filter is used. Most commonly there are two fuel filters, one pre-filter and one 
main filter (Lakshminarayanan, 2012). The pre-filter separates water from the fuel as 
well as particles of sizes approximately 10 micron. It protects the low-pressure pump 
from harmful contamination. After the low pressure pump sits the main filter, which 
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separates particles down to 3 micron. This filter protects the high-pressure pump and 
the injection system from wear due to contamination.  

 

 

Figure. 2 Fuel filter image 

Filtration mechanics 
There are four different types of particle separation mechanisms in a filter 
(Sutherland, 2008. Durst, 2002). These four mechanisms are interception, internal 
impact, diffusion and sieving. Each of these mechanisms binds the particles in filter 
in different ways. These mechanisms are only relevant for solid from liquid 
separation.  

The fuel flows in streamlined around the fiber, which is the reason for the fact that 
many of the smaller particles flow through the mesh in the filter. However, not all 
particles can follow this streamlined flow, like in the Interception mechanism. 
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Fig.3 Filtration mechanisms. 1.Interception 2. Internal impact 3. Sieving 4. Diffusion  

[Inspired from image by Sutherland 2008] 

Interception  
Midsized particles, those that are smaller than the pores of the filter but still have a 
small mass are separated from the filter through the Interception, or Direct 
Interception. When a particle flows streamlined along with the fuel but gets to close 
to the fiber, it will be trapped on the edge of the fiber.  

Internal impact 
Internal impact is when a particle following the flow of the fuel loses its track and 
crashes into a fiber. These particles cannot follow the streamlined path that the fuel 
takes through the media, due to inertia, and therefore it crashes into one of the fibers. 
The inertia affecting the particle increases with increasing mass, and the heavier the 
particle is, the more difficult it has to follow the streamlined path of the fuel.  Also the 
speed of the fuel has an impact of this mechanism. 

Sieving 
The most common mechanism is sieving or straining, also known as Direct 
Interception (Sutherland, 2008). This is when a particles size is larger than the mesh 
of the filter, and therefore gets trapped. When the particle is trapped in the mesh, it 
will close that pore in the filter. This is one reason for to why the filter gets clogged. A 
clogged filter will not let any particles through the filter and the pressure over the 
filter will increase.  
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Diffusion 
The smallest particles can be filtrated with the diffusion mechanism. This is also 
known as absorption in some literature. These lighter particles do not follow the flow 
of the fluid as strict as the heavier particles. When drifting of the flow of the liquid 
that flows around the fiber, the particles get stuck in a fiber due to the van der Waals 
forces (Sutherland, 2008). 

Electrostatic forces 
The particles are attached to the stronger forces of the fiber as soon as they get close 
enough, and the particle gets stuck to the fiber due to electrostatic forces, also known 
as van der Waals forces (Sutherland, 2008) This is true for all particles. Attraction to 
the fiber and then holds the particle stuck to the fiber. The forces are stronger the 
closer the particle gets to the fiber. 

Types of filters  
There are two types of filter based on the thickness of the filter media. These two are 
surface filtration and depth filtration (Sutherland, 2008). The two types are 
separated with respect to the layer build, where surface filtration is filtrating at the 
surface of the filter and depth filtration filters particles trough all of the filter media.  

Surface filtration 
Surface filtration is collecting the contaminations at the top layer, at the surface. This 
method is mainly using straining mechanisms. Particles that are filtrated from the 
fuel will block the pores of the filter media hence fewer particles will passage. This 
increases the filter efficiency over time. This will continue until the filter clogged by 
particles and the filter has to be changed. This filtration method is also called cake 
filtration, since the separated contaminations are piling up like a cake on the surface 
of the media.    

Depth filtration 
In depth filtration, the filter media contains more layers and filtrates particles not 
only on the surface, but in depth too. The larger particles are commonly separated at 
the surface like in the surface filtration method. Smaller particles will continue 
further in into the filter media, but are trapped in the deeper layers of the media. 
Since the particle trough depth filtration has a longer way to go, they are more likely 
to get trapped in the media. These particles block the pores through all of the filter 
media and in the same way as surface filtration, it is slowly clogged over time.  

Filter life length  
A filter that is clogged by particles will decrease the flow of fuel, which leads to an 
engine breakdown. It is therefore important to change the fuel filters in time.  

The life length of a filter is dependent of the filter efficiency. Since filtrated particles 
are blocking the pores of the media, the better filtration of contamination, the faster 
will the filter be clogged, thus the shorter will the life length of the filter be. This leads 
to more filter changes, which costs money. On the other hand, if the filter is bad and 
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contamination from the fuel reaches the most sensitive parts of the engine, there is a 
risk of component wear and the engine will perform ineffectively or break down, thus 
costing even more money. 

Measurements filter efficiency 
There are several tests on filter to determine how effective they are in certain 
circumstances. There is also a difference in what the test result shows, if the test focus 
on the smallest particles sizes that is separated or looking at the amount of particles 
passing through. The most common tests and how to rate the filters are discussed 
below. 

Pressure drop  
When the filter has been partly clogged a decrease in pressure over the filter is seen. 
This difference in pressure on each side of the filter is often referred as pressure drop. 
The larger pressure drop over the filter, the more clogged is the filter. It can be used 
in test for estimating the filter efficiency since the pressure is a relatively easy 
parameter to measure.    

Nominal rating 
One common test for measure a nominal rating for a filter is a bead challenge test. 
The test is done by introducing small spherical beads into a fluid that runs through 
the test filter. The amount of beads and there sizes are known and controlled and 
calculated afterwards. This test can provide information about the largest particle 
passing as well as what amount of each size is passing through the filter.  

Beta value 
The beta value, or the beta ratio is the ratio between the upstream number of 
particles and the downstream number of particles with a specific size. It is expressed: 

€ 

β = Nu /Nd  

Where  is the beta value for particles with the size x or larger, and  is the total number 
of particles of that size. So the more particles a filter can keep, the higher beta value it 
gets. (Durst, 2002). 

Filter efficiency 
The beta value is often used to calculate the filter efficiency, expressed as . This value 
is either calculated by the beta value, 

€ 

Ex =100 βx −1( ) /βx  

Or directly from the number of particles, 

 

€ 

Ex =100 Nu − Nd( ) /Nu  
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One way to determine the filter efficiency is with the bead challenge test.  

Fuel filter testing 
There are several different test methods and different test to determine a filters 
ability to separate and retain contamination. The tests are most commonly done in 
laboratories and have demands on repeatability. Most of the tests involve counting 
the particles after the test is done, which is difficult and very time consuming.   

Scania’s current test methods 
At the moment fuel filter tests are done either by the fuel filter manufacturer or in 
field tests on trucks here at Scania. The test done by the filter manufacturer is strictly 
controlled and must be repeatable. Since it is an external part that is responsible for 
these tests Scania have no control of, or cannot change any fuel parameters like fuel 
quality, pressure or fuel flow.  

The other type of fuel filter test is done by collecting data from a fuel filter in a vehicle 
driving on the road. The main information from these tests is collected when the 
filters are analysed at Scania. These test provide information about how long time the 
filter has been out in the field and how much particles it has collected, but it does not 
provide information about the quality of the fuel that has been used, nor does it 
measure the amount of fuel that have passed through the filter, both which are 
important to know for measuring filter efficiency.  

Vibrations effect on filtration 
It is shown that increased vibrations lead to an increase of particle passing the filter 
(LaVallee, 2003). Vibrations will release particles that would in a non-vibrating 
environment be trapped to the filter fibers.  

Vibrations are common in the environment of the fuel filter, which makes this 
research even more relevant. However filter efficiency test done by the manufacturer 
does not have vibrations in their testing. This leads to a drastic drop in fuel efficiency 
when the filter is used in a vibrating environment. This is why testing fuel filters in 
their real environment is very important, or to	  simulate	  these	  vibrations	  in	  another	  
type	  of	  test.	  

Temperatures effect on filtration	  
The diesel fuel changes viscosity with changes in temperature. When the fuel reaches 
lower temperatures it starts to crystallize (Sanders, 2007). This crystallized fuel clogs 
the filter much faster and makes less fuel reach the engine. This can make the engine 
difficult to start in cold weather where the fuel is more crystallized.  

Fuel bulk tank 
A bulk tank is a large container that can store several hundreds liters of a supply. 
Relevant for this work is the fuel bulk tank, containing fuel like diesel or petrol. Some 
transportation companies use such tank to store fuel for their vehicles to be able to 
provide the amount of fuel needed. 
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Design Theory 

This chapter describes the theory used that has more to do with the design 
parameters of the project. Since a prototype are being developed further information 
of what a prototype is can be found here.  

Models and Prototypes 
A prototype has been used to test and evaluate the concept in this project. Testing is 
an important part of product development. Therefore different types of models and 
prototypes may be used in different stages of the development. A short explanation of 
the two terms is written below. 

Models 
Models are usually a way of exploring and communicating a form or shape. Models 
can be easy sketch models that are created fast by materials like paper or clay 
(Rogers, 2011). Models can also be appearance models focusing on how the product 
might look if it is produced. These models are equal to the real product in 
appearance, but may not have the functions that the product might have.  

Models are usually created mostly for showing a form, shape or volume of a product. 
This model can be used by the designer or the design team, or to communicate with 
the customer, and use the outcome in developing the project.   

Prototypes 
A prototype is a general name for building a test product for evaluation during the 
development process, but has a more strict and specific meaning. According to the 
Swedish academy’s dictionary (SAOL, 2011) a prototype is “[an] original model that 
works as a template for serial production.” [Free translation]. That means that 
simpler models not fall under the name Prototype. In this project, however, the word 
prototype is used for functioning model, even though it is not as finished as a product 
from serial production. Parts of the prototype could be transferred to later product. 

Testing and evaluation in Design 
In the product development, testing the ideas is an essential part of the process. Ideas 
are very rarely working properly from the first try (Pugh, 1990), which is why the idea 
needs to be tested several times before final production.  

The tests discussed in this text are test concerning how the product functions, looks, 
feels or the ability to use the product.  Testing may be executed on either a prototype 
or the finished product.   

Types of tests 
Design is an iterative process. Testing	  the design points out	  where	  it	  needs	  to	  be	  changed	  
and	  when it is working. In the development process, any result from a test may be 
used to develop the product. These early tests are mostly done on models or 
prototypes. 
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Different types of tests have different purpose. One test may investigate the material 
abilities and try if the product fulfils the requirements in size, weight or load capacity. 
Other test may examine the usability or the soft parameters like how the product feels 
or looks.	   

Why tests are important 
Different tests on product are usually done during the design process to understand 
the product and to make it better. These tests can for example be usability tests, 
functioning tests or assembling test. If the result of a test turned out as expected, then 
further work, tests and more detailed designs can be developed.	   

If the test result does not turn out as expected or wished for, valuable outcome can be 
drawn from this test as well. What did not work in this design? Why did the product 
not work as expected? Changes of the concept are done to improve the product and 
another test can evaluate the new concept.	   

Lower costs 
According to Acito and Hustad, the earlier in the process changes are made, the more 
money can be saved (Acito, 1981): 

“…design changes can be made at lower cost when they occur early in the process.” 

When testing a product, one might find that the product does not work as expected 
and the earlier this can be done, the less expensive will it be. To change a product 
when already in production, is very difficult and could make the company loose a lot 
of money as well as customers.  

Usability 
Usability is the ability to use the product, how easy or difficult the product is to use. 

This concerns all the areas where a user integrates with the product, all from handles, 
to screens, to buttons or levers or seats and all other areas where a person integrates 
with the product in some way. An important question in this field is if the user 
understands the product. Understanding concerns how to use the product correct, if 
the user makes few errors in operating the product and if the user is safe and satisfied 
with the product (Berns, 2004). 

Flexible design 
According to de Neufville and Scholtes (2011) there are three different categories that 
flexible designs fall into, which are categories are Changes in size, Changes in 
function and Protection against accidents. If a product falls under one or more of 
these categories, one can say it is a flexible design. These features are usually 
something extra, something that is added to the product making it more useful or 
desirable. For example, a car is fully functioning without a seat belt and airbag. There 
is no deferens in using the product from a user perspective, as long as the driver 
doesn’t crash. But if an accident may happen, those objects under the category 
Protection against accident, is very desirable.  
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Time and money 
To develop a highly flexible design may take more time and money than to develop a 
very stable product. This means that in a short perspective it might seem better to 
develop a product specific for the certain task, without adding extra features. But at 
the same time, a highly flexible product may have a larger group of buyers, which may 
cover the initial extra costs in development (de Neufville, 2011). 

Risks in designing flexible 
The risk in designing a flexible product is that is might be too unspecified for a certain 
application. Every adjustable set of arms or links lead to a slightly loss in stability of 
the product. With more adjustable links the stability will decrease. Here might be a 
need to decide whether stability or flexibility is most important.  

It can also be a disadvantage to have general solution for a typical case. Even though 
the design is flexible, it might not be flexible or precise enough for a certain 
application where there are high demands on perfect fit.  
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Method 

This chapter describes the method used during this project.  

The design process 
The design process followed in this project can be summarized in four steps, 
beginning with planning and clarification of the task. After this a research state 
begins, followed by concept development. At the end there is a phase for building a 
prototype and testing the concept. This process is a personal version of several other 
design processes as well as inspiration gathered from courses at Luleå University of 
Technology, such as Systematic Design, (Pugh, 1990. Cross, 2000). Since the project 
was carried out in a new workplace and many things were already new, it was 
preferable to use a well-known method to work with.  

Fig. 4 The design Process for this project 

Each of these phases is described more specific in the text below, starting with the 
planning phase. 

Phase I Planning 
The first phase in this project is the planning phase, which also involves clarification 
of the task. A project plan was written as well as a requirement specification, which 
can be found in the appendix.  

Initial lecture 
A short introduction was held at Scania in the beginning of this course. A lecture on 
filtration and filtration mechanisms was part of this introduction. This was a good 
introduction to understand the subject and to understand the goals and aims of the 
project. These lectures, however, are not public and cannot be used as a reference in 
this work.  

Project plan  
At the earliest stage of the project, a Project Plan was written. This included an 
introduction to the project, problem formulations and an initial planning. The 
planning is important to have at the beginning of the project, but it might be updated 
during time. New events will emerge and planning of certain events will change.  

Requirement list 
A list of all the requirements was written in the beginning of the project. These 
demands where develop together with the client. The list where later on in the project 
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updated and some requirements where taken away from the list since theses where 
not relevant for this actual project.  

Schedules 
This project used three types of planning methods. These are Gantt schedule, as well 
as a PERT chart and Daily Planning. Theses are described below.	  

Gantt	  schedule	  	  
A Gantt chart or Gantt schedule is a method for planning a longer project. In the 
Gantt chart the user will plan all the activities in a chronological order with an 
estimated time of the length of each activity.  

 

Fig.5 Second Gantt schedule  

Two Gantt charts where made during this project. One in the early planning and later 
an updated version of the chart where made. The first Gantt chart can be seen in fig. 5 
and the second chart can be found in the appendix.  

Daily	  Planning	  
Daily Planning is a method used in all areas of Scania. Each group is gathering 
together ones a day to discuss the daily activities. Activities are written on a post-it 
note and put on a white board. This helps planning the day and the week, not 
forgetting any activity and asking for help from the colleges if something does not go 
as planned. There is also a great moment to meet everyone and understand what 
happens in the group. 

PERT	  chart	  	  
A PERT chart is a kind of activity planning methods that is used to understand these 
relationships between activities. PERT is an abbreviation of Program Evaluation and 
Review Technique.  

To understand how each activity is related to each other we constructed an activity 
chart. This helps planning the activities in a more effective way, since it clears out the 
relationship between the different activities.  

Dairy	  
In order to collect all the events and some brief thoughts, a diary has been written 
during this project. This is a way to remember what and when certain things occurred 



 
 

24 

and how the thoughts were in the earlier stages of the process. This document has 
contributed to short reflections during the project on how it is going and what and 
how it’s going, and to keep focus on the goal.  

Phase II Research 
The research phase can be divided in two parts, one for understanding fuel filtration 
and test of fuel filters, and one part for design solutions. The result of the research 
can be found in the theory chapter, separated in Filter Theory and Design Theory. To 
find this results explained in these chapters several different books, articles and 
meetings where held. This is shortly explained below. 

Databases and books 
The University Library has a good database for peer-reviewed articles that I have 
used. The databases I have used most is Primus and Ebrary, Hon the Ebrary database 
I could store books in my library, which was very useful. At the start of the project I 
searched for similar work done by others. I searched for “fuel filter testing” and alike. 
Later in the project more search related to design methods and the attachments. I 
tried to find other solutions of a flexible design or adaptive design.  

Some books where provided by Scania, mostly concerning the fuel system and 
filtration mechanisms. Also some power points where provided by Scania. 

Similar solutions 
Another way to find ideas was to look at the solutions for attaching components here 
at Scania. Since it is a big company I thought that this issue with have different kinds 
of components attached to one place must already exist here and also a solution to 
the problem. Through this way I found the idea to Flexible Rails that is described in 
chapter 5 Results Concept. 

Phase III Concept Development 
The idea generation and concept development took place right after the research 
phase. The result of the concept development will be found in chapter 5 Result 
Concept. 

Methods for idea generation 
Brainstorming has become a synonym for idea generation methods, though 
brainstorming is actually just one method of many. Several different methods aim to 
increase the number of ideas in an early stage in the design process. A large number 
of ideas are not a guarantee for a successful solution, but the more ideas, the greater 
chance that one of them is advantageous. 

In this project there were only two group members. Two persons are most often too 
few for using many of the standard brainstorming methods, therefore most of the 
idea generations where performed individually or discussed briefly in the group.     
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Dividing tasks 
Since the whole filter test bed is a complicated product with many important issues 
there is almost impossible to design the complete rig from start. It is necessary to 
understand the smaller problems and the easiest way to deal with them is to divide 
the main idea of a rig to several smaller problems, so called sub issues. Some of the 
issues for this project were: 

• How to attach different components in the rig? 
• How to take care of the separated water? 
• How to move the filter rig? 
• What pump should be used in the test bed? 

External Advise 
Since only two group members executed this project, bigger group brainstorming 
where difficult. External design engineers were invited to concepts meetings instead. 

Also smaller unplanned meetings where made. These miniature meetings could be on 
a specific question or by asking a college for advice in the concepts phase or the detail 
construction. These smaller meetings are as important as larger group meetings for 
advice and commentary on the work. 

The different concepts from the concept development phase needed some further 
investigation before deciding with of the concepts that would be further developed. 
To get a better understanding of the concepts 3D models of the concepts where made. 

CAD and 3D models 
In the CAD model it is possible to see the product and move components in relation 
to each other. Another advantage with 3D models is the ability to change a model. 
The designer have the possibility to change details in the product and evaluate the 
change in real time, instead of producing a prototype first, evaluate and then make 
the changes on the next prototype. This gives the designer a better understanding of 
how the finished product might look like. However, it can give a false impression of 
the product. Some things may seem to work in a computer program that might not 
work in reality. Differences in material behavior, friction forces and gravitational 
forces are most often neglected in a 3D-model. These behaviors are still necessary to 
test in reality. Therefore the prototype is very useful. 

Choosing concept 
Since every sub issues had their own concepts, the best of each solution where chosen 
into the final concept. The best solution for each concept where decided through 
discussion and pros and cons. The winning concept of each sub issues where put 
together to a final concept. 

Phase IV Prototyping 
The last phase of this project is the manufacturing and testing phase. Even though 
CAD models are an excellent tool in product design, one cannot rely solely on the 
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computer. Real life prototypes can try things the computer yet cannot. Most of the 
soft abilities in a design is impossible to test in a computer like how the product feels, 
weight and size and how to interact with the product.  

Components for the prototype 
Scania has its own mechanical workshop, which manufactures specific parts and 
components for the company. This workshop manufactured most of parts for the 
prototype in this project as well. Some components like fuel filters, pressure sensors 
and particle counter where ordered from Scania itself or ordered from an external 
company. Smaller components for the prototype where simply found in the 
inventories at Scania. Also, Scania provided all tools needed to build the prototype.  

Building and testing the prototype 
Most of the building part was assembling all the parts and components. Testing the 
prototype was first of all to se if the concept worked. More about this can be read in 
the Result Prototype chapter. 
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Result Concept 
Since this project results in both a concept for a future rig and a functioning 
prototype, the two results are divided in different chapters. This chapter discusses 
some of the early concepts and then the final concept for the mobile filter test bed. 
The result of the prototype will be described in the following chapter. 

Sub issues 
The design of a filter test bed is a complex construction, the larger problem where 
divided into smaller sub problems. Each sub problem was then solved as individual 
design problems, with a few possible solutions for each problem. After choosing a 
solution for each sub problem, the solutions where assembled in the final concept. 

Sub issue: Water separation 
Depending on the fuel quality there might be water in the fuel. This water is 
separated by the pre-filter and on the current fuel system this water is then returned 
to the fuel tank. The question is whether this is a working solution for the test bed as 
well or if another solution should be used. Three concepts where developed for this 
sub-problem.  

Venturi solution 
This concept builds upon the solution that exists in the current fuel system for water 
separation. By using a venturi the water is sucked out and returned to the fuel tank 
with the returning fuel. The disadvantage of this method is that it does not 
permanently separate the water from the fuel, but only prevent the water from 
reaching the combustion chamber.  

 
Fig.6 Water separation concepts: Venturi  
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Collecting water 
The idea of this concept is to store the separated water in a water tank. The advantage 
of this solution is that no water is accumulated in the tank. The problem with this 
solution is that the water needs to be contained in a larger tank, or be emptied when 
full. The water percentage in diesel is usually very low but can reach levels of 0,2 %. 
With a flow of 6 l/min, this water will pile up and create a large extra tank in the rig.   

 
Fig.7 Water separation concept: Tank  

Water back to tank 
The third alternative was to have a collection of water just as the previous solution, 
but ad a pump so that the collected water returned to the fuel pump. The idea was to 
avoid the risks of filling the water tank. But to separate water just to return it into the 
fuel was not a good idea, since water is an unwanted product in the fuel. This idea 
was not further developed. 

Sub issue: Fuel pump 
The fuel pump is an important component in the filter test bed, since without it, no 
fuel will be pumped through the filter, and thus no testing will be done. The fuel 
pump had several requirements just for managing to simulate the real fuel system. 
The ability to produce a constant pressure of 10 Bar at flows of up to 6 l/min was 
required. There was also a wish from the client that the pump could be placed both 
before and after the pre-filter.  

Choosing pump 
The decision concerning what pump would be used in the rig, both for the concept rig 
and the prototype rig, was difficult. The main issue where whether to use the current 
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pump used in the fuel system or to use an electrical pump. Both types of pumps have 
advantages and disadvantages.  

Mechanical fuel pump 
In the current fuel system is a mechanical fuel pump, driven by the crankshaft. One 
solution to the filter test bed is to use this mechanical pump. Since it is a Scania 
article it is easy to order and can for sure manage the required pressure and flow.  

A disadvantage of using this pump in a test rig is that we do not have the power from 
the crankshaft to drive the pump. A solution is to put an electrical engine instead of 
the crankshaft to drive the pump.   

Electrical fuel pump 
An electrical fuel pump could be used instead of the current mechanical pump, to 
drive the fuel trough the test bed. The problem is to find an electrical fuel pump that 
is specified for the flow necessary for the rig. Most electrical fuel pump are not strong 
enough to both keep the high flow and high pressure. And as with all components, the 
stronger and better they get, the more do they cost.   

Changing position of fuel pump 
The wish to be able to place the fuel pump both before and after the pre-filter is due 
to eventual future work. At the current fuel system the feed pump is located after the 
pre-filter, which therefore is the base. The possibility to change the flow where then 
added.  

 

Fig.8 Orange is the standard flow. Green is used for pump before pre-filter. 
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The solution is to create a side flow, if there is a future wish to change the position of 
the pump from after to before the pre-filter. To change from the base flow one needs 
to switch the pipes connecting the pump to the system from one quick connection to 
another and then turn two valves. For safety reasons the unused connections should 

be plugged. Then the flow is changed from being sucked through the pre-filter to 
push through it instead. The measuring points will not change significantly. The 

difference between the two flow systems is that in the case where the fuel goes right 
to the pump, the pressure after the pre-filter will be measured twice. There is also no 
pressure measuring before the pump. This solution solves the problem with changing 

location of the pump, without an actual movement of the pump. 

Sub issue: Moving the rig 
The small concepts in the picture below are illustrating different ways of moving the 
rig when finished. This was used to communicate my ideas to the client for hearing 
their opinion. The main opinion was to keep the test bed small, and the two concepts 
in the top left corner where preferred. 

Fig.9 Concept sketch of movable rig 

Sub issue: Attaching components 
During the idea generation phase some concepts where developed for attaching the 
different components in the rig. The three concepts are presented below. 
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Fig.10 Idea sketch of concepts 

Adjustable Rails   
The idea to this concept is a mix of ideas from Flexible Fixture Fig.11 and Flexible 
Wall Fig.13. The concept builds upon a solution from an earlier invention (AluFlex, 
2014). 

 

Fig.11 Concept sketch: Flexible Fixture 
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The profiles have a track that runs through the whole profile. These tracks are 
containing the nuts, which runs freely along the profile, but is locked in all other 
directions. This allows the user to place the component anywhere along the profile. 
By combining two of these profiles one can accomplish the possibility to place a 
component at almost any location on the surface which the profiles builds.  There is 
also a great advantage that the nuts are locked in rotation, which means that the 
components can be attached directly from the front, without the need to hold the 
screw-nuts in place. This makes the work of mount and dismount a component a lot 
easier. 

 
	  

Fig.12 Concept Adjustable Rails	  

Advantages	  
Since the profiles in this concept are manufactured and sold from an external 
company it can be faster and easier to buy the components, than manufacturing all 
parts here. The components are also easy to attach from the front with the nuts 
already fixture in the rails.  

Disadvantages	  
There is a lot of empty space between rails. There is a need for many rails to fill gaps 
and attach many components in the rig. Also, the minimum distance for the 
attachments equals the width of the rails. 

The product is also bought from an external company. Even though the rails may be 
cheap, this solution is dependent on that company. 

Rotating discs  
As a continuation on the concept with a flexible wall, the concept with rotating discs 
where developed. The idea is to attach a component with screws at any place on the 
board, with no limitations where the screws are. This is a flexible version of a wall 
packed with holes.  
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Fig.13 Concept sketch: Flexible wall 

This concept has two components that build up the solution, one wall and one or 
many discs. The discs are metal plates with a countersink around the boarder and a 
trail going right through the discs. In this trail a screw can run freely. The discs are 
placed in the wall with, constructed with matching holes. These holes in the wall also 
have a countersink. The discs can be rotated freely in these holes. The discs stay in 
their place due to good tolerances and slightly due to the drawer effect. 

Advantages	  
The concept enables the user to place the component anywhere on the surface of the 
board. It can also hang different kinds of components as long as they use screws for 
attachment. This makes the solution cheaper when one solution works for all 
different fuel filter houses.  

Disadvantages	  
In this concept, the tiles in the board stay in the board due to the drawer effect 
(byrålådseffekten), good tolerances and that the board is not tilted. This means that 
they are still loose and can fall out if they are not used. Only when a component is 
attached using a tile, that tile is locked in its position 

There is also a disadvantage that the user needs to have access to the back of the 
board when using screws and nuts to attach a component.  
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Solid fixture   
Since the future filters are still unknown, this concept suggest that a fixture should be 
adapted for the specific filter and then placed in the rig. The fixture will be 
constructed to fit the filter house exactly. The idea is that the fixture has certain 
measurements to fit exactly in the rig.  

 

Fig. 16 Concept sketch: Solid fixture 

	  Advantages	  
The fixture constructed specifically for the filter house might be more stabile than the 
other concepts. 

Disadvantages	  
Since the fixture needs some measurements to fit in the rig, there must be an 
approximation to how large the future filter houses can be. It can be expensive to 
produce a specially made fixture for each filter that will be tested.  
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Decision of concept 
The decision of which concept to proceed with was done by discussion with the group 
to hear the clients thoughts on the concepts. The client, the design engineers and the 
mechanics opinions were collected for two meetings where the concepts where 
presented. Since the opinion where very similar, the design team took the final 
decision.  

Final Concept 
The conceptual result is slightly different from the prototype rig. One of the largest 
changes from the prototype is the size of the flexible wall. In the final concept a 
smaller board for each filter house has been suggested, compared to the bigger wall in 
the prototype. In this way a filter can easily be attached to one plate and then placed 
in the rig. This enables the user to take out one filter, change and then put in another 
filter, without the need of changing anything else in the rig.  

The test prototype, as seen in fig. 28 has no casing or safety locker. It also only can 
test one filter at a time. A continuing sketch of the fully rig is suggested to look like 
this.   

 

Fig.17 Fully concept rig 
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Attaching components 
The solution for attaching components is to use the idea with rotating tiles. This 
allows future changes of the filter houses to still be placed in the rig.   

An aluminium board is cut out with several holes. Each hole has a countersink 
around each hole. 

 

Fig.19 Close-up on holes 

 Round steel plates, or discs, is placed in these holes in the board. The discs have a 
slot for the screw. These discs can rotate in the hole allowing the screw to be placed 
anywhere in the area of the slot.  

 

Fig.20 Discs 
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The component are placed on one side and the discs are placed in their holes on the 
other side. The screw and nut are locking all the components in their positions. 

Fig. 18 Side view. 

   

Fig.21 Fuel Filter House attached to board. Front to the left. Back on the right. 
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Placement	  of	  the	  holes	  
The placement of the holes has changed over time. To cover more of the area of the 
board with holes I made the concept seen to the right in Fig.22.  The first concept is 
seen to the left and the second concept to the right. 

 
Fig 22. The first concept to the left and a developed concept to the right. 

Smaller	  board	  
The initial idea was to have a wall to attach the components to and this was tested in 
the prototype. The problem with this concept is that the user needs access to the back 
of the board to be able to lock the component with nuts. For the prototype this 
worked well since the prototype was open and easy to access from all angles, but if the 
board or wall are to be placed in a locker, it might be difficult to reach the back. The 
solution for this is a smaller board, where the user can mount the component outside 
the rig, to later on place the board with the component in the rig.  

 

Fig. 23 Concept board 
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Change of fuel filter house 
The filter house is linked to the fuel with speed couples. These are easy to attach and 
take away. When installing a filter house in the rig, one first has to attach it to the 
flexible board with screw. When the filter is in place on the board one needs to lift the 
board and the filter house into the rig where the board fits. Then use screws to attach 
the board into the rig. When the filter is in place in the rig, attach the speed couplings 
to connect the fuel to the filter house.   

Feed Pumps 
The feed pump used in both the prototype rig and the concept rig is the same pump 
as used in the vehicles. In this way both the filters and the pumps are tested 
simultaneously and the tests are more similar to the real case scenario. The 
mechanical feed pump is in the rig driven by an electrical motor. In this way it is 
possible to change the feed pump as well and adapt the rig for the development and 
changes of the feed pump as well.  

Change	  of	  feed	  pump	  location	  
The feed pump is locaded on a electraical engine. This may be difficult to move 
around in the rig. The reason for moving the pump is to place it eather between the 
pre filter and the main filter, or be able to place it in front of the pre filter. This is 
possible without moving the actual pump and instead leading the flow around. The 
solution is to have two valves blocking the fuel in one direction and letting it flow 
trhorugh another. The pump is attached to the pipes with speed couplings just as the 
filter house and is switched to different attachment when changing the fuel flow.  

 

Fig.24 Changing fuel flow. Green is used when pump is between filters. 
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Casing 
The final concept needs a safety cover for protection of the rig and security of theft. 
The casing can be placed on a standard pallet to be easier to move. A inner locker 
contains all the measuring equipment, which should be closed most of the time. If a 
user needs to change fuel filter houses there is no need to open this inner locker. The 
entire test bed is then covered in for example a locker to avoid risks of theft. 

 

Fig.25 a) Image of casing. Inner locker closed. 

Mobility 
The easiest way to move the rig is to lift and move it with a smaller wagon. This was 
also the wish from the client company.   

When moving and placing the rig where it is supposed to be, there might be best to 
adjust the connections and placing to be best fitted for the bulk tank it using. A 
general solution might not work for this case and I suggest that the connections and 
security of the rig is adapted to the environment. 
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Fig.25 b) Image of casing. Inner locker open. 

Flow chart 
The chart below shows the fuel flow and the components schematically for the 
concept test rig. This does not include the chart for where the pump is placed before 
the pre filter, but only in its position between the two filters. 

 

Fig.26 Flow chart 
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Result Prototype 
The prototype build at Scania is a fully functioning fuel filter test bed prototype. It is 
constructed to test several of the ideas of the concept and verify the ideas. It is not a 
finished product ready to run outside a laboratory. The prototype rig is run by the 
current feed pump sitting in the fuel system, which is driven by an electrical engine.  

The main difference between the concept rig and the prototype rig is the number of 
filters possible to test at once. Also the board for attaching components is a lot larger 
on the prototype. 

3D model 
To check if we had all we needed to build the prototype we created a 3d model of the 
prototype. It shows where all the pipes and how the components should be places 
when building it. This was later changed a little, but the main idea still remains. 

 

Fig.27 Image of the 3d modelled prototype 
1. Pre-Filter 2.Main filter 3. Speed couplings 4. Fuel pump 5.Meassure flow divider 

6. Particle counter 7. Fuel tank  
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The prototype 
The prototype was build after the 3D model, with some adjustments for pipes and 
change in placement of measure blocks. The prototype was tested to measure flow 
and pressure and see that everything worked as expected.  

 
Fig.28 Image of the working prototype	  

1. Pre-Filter 2.Main filter 3. Speed-couplings 4. Fuel pump 5.Meassure flow divider  
6. Particle counter 7. Fuel tank  
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Explanation of the prototype 
Fuel is pumped from the tank in to the pre filter (to the left) passing through a small 
pressure sensor. From the pre filter the fuel passes another pressure sensor. These 
two pressure sensors keep track of the pressure drop over the filter. After the second 
pressure sensor the fuel reaches the feed pump, located outside the picture to the left. 
When the fuel is being pushed from the pump it goes through a measuring block, 
pictured in Fig. 29 on its way to the main filter.  

 

Fig.29 Measuring blocks 

The measure block registers the pressure and takes a small flow of fuel from the main 
flow, to lead it down to the particle counter. This small amount of fuel will be checked 
for particles, but the main flow continues through the second filter, through another 
measuring block and then back to the tank. The particle counter measures the 
amount of particles in the fuel from three different locations in the circuit. First it 
measures the amount of particles straight from the tank, second it uses the flow from 
the measuring block to calculate the amount of particles between the pre filter and 
the main filter. Third it measures the amount of particles from the last measure 
block, which is placed after the main filter. 
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Speed couplings where used to connect the fuel filter to the fuel circuit. These speed 
couplings are easy to attach and to remove. This is a huge advantage when removing 
the fuel filter house from the test bed, to change either fuel filters or maybe change 
the housing as well.  

 

Fig.30 Electrical components 

Steering controls for the electrical valves and pressure sensors where located on the 
back of the rig. A small protection plate where created to protect the electrical 
components from fuel. 

Testing the prototype 
The first actual test was to attach a fuel filter house to the board. The component was 
attached to the board and sat firmly as hoped for. One other type of fuel filter house 
where attached to the board as well just to try the flexibility of the concept. This was 
later removed since it was not a part of the rig. 
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Fig. 31 Disc for the prototype 

After fastening all the components on the board and connecting everything with 
pipes, more tests was executed. First of all to test if the test rig worked as planned. 
This was more of an observing test. To get further information on how the fuel filter 
test bed really worked and how accurate it worked more data was collected. Further 
reading about data collected from these test can be found in Lindmark’s master thesis 
work (Lindmark, 2014). 
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 Fig. 32 Placing disc in prototype rig. 

 

Fig.33 Disc with screw holding Fuel filter house (on the other side of the board). 
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Further work 
The fuel filter test bed that might be developed from this work need several important 
improvements that this work does not include. Therefore I present some 
recommendations for improving the test bed. The main issues are the safety aspects 
of the rig.  

Power supply 
To run the test bed there is a need for electrical power. This is needed to run the 
electrical engines driving the fuel pumps, for the electrical valves and for the 
measuring components. The best solution would be if there were possible to connect 
the rig to power line. A battery as a complement could be necessary.  

This part of the concept needs more investigation for delivering a solution. Since it is 
unknown where the rig will be placed there is impossible to know how the supply of 
power is available at that place.  

Security   
Security and safety includes both safety for the user and the surrounding, but also 
security and protection from theft and sabotage. The casing is part of this security but 
it has to be further investigated. Also risks off user errors must be tested.  

Displays and computers 
To create an easy overviewed rig and make the work in the rig easier, some displays 
that show the process should exist in the rig. Also some warning sounds if something 
is not made correctly, if fuel is leaking or of something unexpected happens. An 
indicator for when the water tank is full, and when the pressure drop over the filter is 
too high, would be necessary as well.  

This system should also have the ability to shut down if something would be wrong.  

Driving cycles 
For simulating different modes in the trucks driving it would be nice to control the 
electrical motor to drive in a changing speed. This is easy done by changing the speed 
of the engine. An idea is to set up some driving cycles that vary between different 
speeds to simulate the real fuel pump. This could be done from the office.  

Vibrations 
Since vibrations have a big effect on the filtration efficiency, I suggest that some kind 
of shaking devise is placed in the rig to vibrate the filters in different amplitudes. An 
alternative placement for this shaking devise would be in the connection to the board 
where the filter house is placed. That way it protects the sensitive measurement 
components from vibration.   
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Discussion 
In this chapter I discuss some ideas and thoughts from the project.  

Positioning the result 
The more complex problem with developing a fuel filter test bed and a prototype 
turned slowly during the project to be a concept development of an attachment for 
the fuel filter houses. This is what took most of my time and efforts. This so called sub 
issue could have been done much faster and much more simple, but I think that 
solution would not turned out as flexible and stable as this solution. On the other 
hand, then more time might have been spend on the other areas for example on the 
casing or security around the rig. 

This test prototype only measured and tested one filter pair. To be sure that the two 
filters pair doesn’t interfere with each other further test needs to be done. In a way 
this result is only half way to the final product, since the main reason for this rig is to 
compare two filters, and our prototype only tests one filter. We have no proof that 
this solution will work for comparing two filters. Building a test circuit for two filter 
pairs is recommended for future work to verify that this test bed can test two filters 
and that the two test circuits does not interfere with one and other.  

Since the prototype and the concept is a little different in how to install the filter 
houses this must be further tested. I would recommend some user tests to make the 
rig easier to use and to test how it works from a user perspective.  

Relevance 
I think and hope that this work can be used in further development of the fuel filter 
test bed. This master thesis might have delivered a solution to mount the fuel filter 
house in the rig that may not have been found otherwise, since we have been working 
fulltime only with this for 20 weeks.  

I also believe that there is a great need for this fuel filter test bed. This can help Scania 
develop better solutions for the fuel system and create a more effective engine. If the 
rig is developed to also test other fuels than diesel, like FAME for example, more 
research can be done to develop the engines running on biodiesel.  

Reflections 
There were moments, especially in the early stages of the project, where it was 
difficult to understand what things are relevant for us in this master thesis. Some 
things where important for the complete product, some parts where relevant for the 
prototype. This was at first not clear and it took some time to understand the 
difference between the two. This clarified for me how important a goal and a 
requirement specification really is.    
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Conclusions 
In this chapter the research questions of the project is answered. Below that is some 
commentary on the aims and goals for the project.  

First question 

• How to design a filter test bed for more than one filter pair, while still 
simulating the real system, which normally only has one filter pair?  

By creating two parallel systems a simulation of the real fuel system can be obtained. 
The same fuel pump as in the real system is used in the rig as well. Measurements of 
the pressure and flow are logged both in research purpose but also to use this 
information when running the rig. At certain flow and at a certain pump speed the 
pressure should be at a specific level to simulate the real fuel system. This is done by a 
valve, sitting after both filters. The valve is adjusted to create a pressure in the rig that 
resembles the real pressure. 

The flow is controlled by the speed of the pump. The pump is a mechanical pump that 
is driven by an electric motor. The motors speed can be controlled and therefore the 
pump flow can be simulated to resemble the pup flow in the vehicle. 

The two filter systems have one pump each to get as similar conditions for the two 
filter pair as possible. Both filter pairs need to have equal test conditions as possible if 
a comparison is to be made. The both filter pairs in this rig as no other connection 
than testing the same fuel kind of fuel and using the same particle counter.   

Second question 

• How to design a test bed that is able to contain and test different types of fuel 
filters, even though these filters may have different dimensions and different 
attachments? 

The solution to this problem is a concept called Rotating discs. Round steel plates or 
discs are placed in an aluminium board with holes matching the discs. These discs 
can then rotate in its position in the board. Instead of having a hole for a screw there 
is a slot right through it where a screw is attached. Since the discs can rotate in the 
board a screw can be attached any where in the radius of the slot. This creates a 
solution, which any type of component can be mounted on the board with screws.    

Goal and aims  
A prototype of the rig is build and is working which was one of the major goals in this 
project. Also recommendations on further work and all drawings, images and data 
from this project have been left to Scania for further development of the fuel filter test 
bed, which was part of the goal.   
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Appendix 1.2
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Appendix 2 

Kravlista 
1. Dimensionskrav 1200 x 800 x 120 mm (standardpall) 
2. CE märkt 
3. Körning av två filterpar 
4. Partikelräknare 
5. Vattenrenare 
6. Flexibel filter infästning 
7. Flexibel filter anslutning 
8. Mäta/styra flöde och tryck 
9. Mäta tryckfall över filtren 
10. Vattennivågivare/ tömning av vatten 
11. Undvika komponenter av mässing, koppar och zink 
12. Mäta omgivningstemperatur/bränsletemperatur 
13. FAME halt 
14. Anslutning för att ta bränsleprover 
15. Kalibrering 
16. Skåp för att skydda komponenter 
17. Lås på skåp 
18. Skydd på ledningar mellan skåp och tank 
19. Pickup med screen 
20. Bränsleretur 
21. Mobil (flyttbar med truck) 
22. Viktkrav  
23. Display och manöverpanel 
24. Kommunikation över m-logg 
25. Styrning av körcykel från kontor 
26. Olika körcyklar inprogrammerade 
27. Både sug och tryck genom filtren 
28. Flexibel pump anslutning 

 


