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Purpose  To investigate the possibility to reduce the number of failures 
caused by moisture and dust ingress in lighting equipment by 
looking towards customer acceptance and warranty claims, and 
then translate the result to technical attributes. 
 

Methodology  The methodology is set up to be a part of a Design for Six Sigma 
project including the steps up to Concept development and 
business/customer approval. Known product development tools 
are used to evaluate existing techniques and generate new 
concepts. Customer analysis is done by surveys and investigating 
warranty claims.  
 

Result & Conclusions The customer analysis in this thesis show that Brazil and to some 
extent UK is the countries where the problem is seen as most 
severe. It also shows that complaints regarding dust are far more 
common than complaints regarding moisture when it comes to 
lamps placed at the lower part at the front of the truck. When the 
results from the customer analysis are compared with the 
technical aspects it shows that the most beneficial way to deal 
with the problem is to create a good air flow while still keeping 
the pore size, which could be done by using membranes and the 
help from CFD (Computational Fluid Dynamics) simulations. 
Trapping solutions are also welcomed by the customer as long as 
they can be part of the regular service. 
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Syfte  Att undersöka behov och möjligheter att reducera problem med 
fukt och damminträngning i exteriöra belysningsartiklar på 
lastbilar genom att titta på kundacceptans och garantiärenden 
samt översätta detta till tekniska attribut. 
 

Metod  Arbetet är upplagt som en del av ett Design for Six Sigma-projekt 
och innefattar stegen fram till Concept development and 
business/customer approval. Kända produktutvecklingsverktyg 
används för att ta fram underlag till konceptgenerering. 
Kundanalys utförs med hjälp av enkäter och undersökningar av 
garantiärenden. 

 
Resultat & slutsats 

 
Kundanalysen i denna examensrapport visar att Brasilien 
och Storbritannien är de länder där problemet uppfattas 
som störst. Den visar också att klagomål gällande damm är 
mycket vanligare än klagomål gällande fukt när det gäller 
lyktor placerade i den nedre delen i fronten på lastbilen. När 
resultaten från kundanalysen jämförs med de tekniska 
aspekterna finner man att det mest gynnsamma sättet att ta 
sig an problemet är att försöka få bra ett bra luftflöde i 
lyktorna men samtidigt minimera porstorleken. Detta kan 
man åstadkomma med hjälp av membran och CFD 
(Computational Fluid Dynamics) simuleringar. Lösningar som 
handlar om att fånga upp dammet och fukten accepteras 
också av kunden så länge som detta kan lösas med hjälp av 
den vanliga servicen. 
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1 Introduction 
The opening chapter presents the reader with a short company presentation and the background to 
the problem that is the base of the master thesis. Further the purpose, objectives and delimitations 
are presented. 

1.1 Company presentation 
Scania is a global company seated in Södertälje, Sweden and one of the world’s largest 
manufacturers of large road vehicles.  The main product is trucks and buses but they also 
manufacture engines for marine and industrial applications. 

The basis of the company was founded in 1891 under the name Vagnaktiebolaget i Södertälje 
(Vabis), and was a manufacturer of railway wagons, but soon went on to cars and trucks as well. Nine 
years later Maskinaktiebolaget Scania was founded in Malmö, where they produced bicycles at first, 
but like Vabis, they soon started to produce cars and trucks. 1911 the companies merged to become 
Scania-Vabis and the same year they started to manufacture buses as well. 

Today Scania has about 37 500 employees all over the world and production in 7 different countries. 
Research and development is done at Scania tekniskt centrum in Södertälje where over 3 000 people 
is working daily to improve Scania’s products. Scania aims to be the leading company in their line of 
business by creating lasting value for their customers, employees, stockholders and other 
stakeholders. 

In 2011 the company delivered 72 120 trucks, 7 988 buses and 6 960 engines for marine and 
industrial applications. (Scania web, 2012) 

1.1 Background 
One of the biggest problems concerning modern headlights, taillights and other external lighting is 
keeping them free of dust and fogging on the inside. This is a problem that many road vehicle 
manufacturers’ face and large amounts of resources is focused on various ventilation testing and it 
has been proven hard to find general solutions to the problem. What also adds to the problem is that 
a solution aiming to solve one of the two problems makes the other worse which leads to a trade-off 
between the both. 

Partially, the problem lays in the fact that road vehicles have to operate in all kinds of environment 
all over the world. A solution that seems functional in the one part of the world might not be so in 
another, because the exposure to high and low temperatures, moisture and dust can be very 
different. Many of the existing solutions might work well on road cars but since Scania is producing 
trucks this also adds to the problem. The expected lifespan of trucks is longer than the lifespan of a 
car. A truck is also more likely to suffer from hard road conditions, rougher handling and vibrations.  

Since general solutions seem hard to find, the focus is on trying to minimize it. Scania suspects, that 
depending on where in the world the truck operates, the tolerance for the problem and the 
behaviour when it comes to warranty claims, is different. This is something that Scania wants to 
investigate in order to find out where the biggest problem is from a customer point of view and then 
use this information to set up technical guidelines for which solution that seems to be best fitted for 
the problem.  
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The lighting components of interest for this thesis are externally mounted on the truck. Most of the 
lights are positioned on the front of the cab although there are of course, both taillights and side 
lights as well. In Figure 1 below, the names and positions of the lighting components are shown.  

 
Figure 1: Position and name of the exterior lighting components on a Scania truck. 

There are mainly two purposes for the lights; they are either there to aid the driver to see, like the 
headlights and fog lights, or to aid other road users to see the truck and the what the driver is doing 
or intends to do, like the taillights and turn signals. This, among other things affects how they are 
designed and in Appendix 2-1 Components an explanation of the individual components are 
presented. In Appendix 2-2 Component positions the pictures in Figure 1 above can be found 
presented in full page. 

1.2 Purpose & Objectives 
The thesis aims to investigate the possibility to reduce the number of failures with moisture and dust 
in lighting equipment by looking towards customer acceptance and warranty claims, and then 
translate the result to technical attributes. The objectives are defined as: 

 To define and describe if there is a difference in customer acceptance and warranty claims 
behaviour regarding moisture and dust ingress in truck lighting equipment depending on 
where the truck operates. 

 To suggest guidelines for possible concepts that reduces moisture and dust ingress in truck 
lighting equipment depending on placement, environment and customer acceptance. 

1.3 Delimitations 
The aim with this thesis is to analyse the problem with dust and moisture ingress in lighting 
equipment caused by design. Failures caused by isolated manufacturing errors will be excluded as 
long as these errors are not caused by faulty design. No interviews or investigations on other sites 
than Scania in Södertälje are conducted due to that the covering is worldwide, meaning problems 
with long distances, different languages spoken and lack of time. The emphasis of the product 
development is not on finding a general solution to the problem, but to present guidelines and ideas 
to concepts for further development. 
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2 Theoretical framework 
In this chapter, theories concerning product development, customer analysis and physical aspects 
regarding moisture and dust are presented and explained. These theories will form the basis for the 
analysis in chapter 5 Results & analysis and are here presented with the aim to give the reader the 
understanding of why the certain product development and customer analysis tools presented in this 
chapter are chosen. How the thesis is conducted and the tools are used is described in chapter 3 
Methodology. 

2.1 Product development 
Under this title, two product development processes will be presented. Firstly the Design for Six 
Sigma, which is derived from the quality process Six Sigma, will be presented. Secondly the 
Systematic design, which is a process developed unbound to any specific quality process, will be 
presented. These two product development processes are closely related and in some parts 
overlapping which will be shown in 2.1.3 Systematic design. These processes include the use of 
certain tools to gather and analyse information used to advance to the next step in the process, and 
the tools used in the separate stages of the product development process are introduced and 
explained in 2.2 Tools in the product development process. 

2.1.1 Six Sigma 
Six Sigma is a methodology that provides tools and techniques to improve the capability and reduce 
defects in any process. Originally it was developed to improve manufacturing processes but its use 
has extended to various kinds of business processes. It was originally created by Bill Smith at 
Motorola in 1986, where the same process was used to manufacturer millions of parts. The name Six 
Sigma stands for six standards deviations, but as a methodology it is rather a name for continuous 
quality improvements by measuring, analysing, improving and controlling manufacturing in order to 
create stable and predictable processes. Various statistical tools are used within the methodology in 
order to do this. Commonly, the step by step methodology is referred to as DMAIC, which stands for 
Define, Measure, Analyse, Improve and Control. (Desai, 2010) 

2.1.2 Design For Six Sigma 
Commercial design is a process, so preferably a good methodology that combines the customers with 
the Six Sigma approach should be used (Tennant, 2002). Design for Six Sigma (DFSS) was introduced 
in the late 1990s with the distinction that, whereas Six Sigma has a much standardised structure with 
the DMAIC methodology, the DFSS methodology varies (Cronemyr, 2007). The DMAIC approach may 
also be used in Six Sigma, but Tennant (2002) claims, that although the standard Six Sigma DMAIC 
approach is a good starting point, it may be hard to use, since it is primarily focused on improving 
processes. Commonly, DFSS uses an approach called DMADV instead. DMADV stands for Define, 
Measure, Analyse, Design and Verify. According to studies, DMADV is used in 47% of the companies 
where DFSS is used, and with the additional optimize stage (creating DMADOV) another 15% use that 
methodology. DMAIC was only found in 4% of the studied companies. (Cronemyr, 2007) 

Regarding the DMADV methodology, criticism is often heard about the measure and analyse phase, 
since there is not always something to measure or analyse. Because of this, other approaches, such 
as DCCDI (Define, Customer, Concept, Design, Implement), are often used, which is proposed by 
Tennant (2002). More formally, the DCCDI approach contains the steps: 
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Initiate

• Initiate Project

D

• Definition stage

C

• Customer analysis

C

• Concept 
development and 
business/customer 
approval

D

• Design; formal and 
technical evaluation

I

• Implementaion to 
commercialization

Handover

• Handover to 
business ownership

1. Initiate project 

2. Definition stage 

3. Customer analysis 

4. Concept development and business/customer approval 

5. Design; formal and technical evaluation 

6. Implementation to commercialization 

7. Handover to business ownership 

2.1.2.1 Initiate project   
Design projects must begin by building a business case found on corporate strategy and end 
customer need so there is a willingness to support the team by investing time, money and effort in 
the project. The project needs a team charter, a living document that sets out objectives, scope, roles 
and responsibilities for the team. Someone from the business will also need to champion the project, 
by supporting and leading the project team as well as a project owner that with guidance will help 
the team to avoid project failure. In a smaller project, supporting, champion and owning the project 
may all be done by one person. (Tennant, 2002) 

2.1.2.2 Definition stage 
Contrary to ordinary Six Sigma, DFSS starts by generating possible solutions for the problem, or at 
least seeds of it. The DFSS methodology cannot pop out solutions of its own, but is rather a way of 
refining or target a solution so that it fits the customer and the business. Benchmarking may be used 
in order to compare solutions from direct or indirect competitors to define CTQ (Critical to Quality) 
performances. It is vital that there is a clear issue to solve and a considerable benefit for the 
company to achieve with the project. The scope should also be well defined, so that it not expands 
later on in the project. (Tennant, 2002) 

2.1.2.3 Customer analysis  
During the customer analysis stage, the goal is to understand and quantify the needs of the 
customers. This is done in order to create a CTQ matrix. The principal tool to use here is QFD (Quality 
Function Deployment, this tool is further explained in 2.2.2.3 QFD - Quality Function Deployment). 
One should note that QFD does not provide a certain outcome, but rather collects and displays the 
information in such a way that decisions can be based on it. Getting the customer’s needs is often 
hard, but if it is possible to find out the current issues it will facilitate process. If the customer needs 
are complex, or hard to fulfil, one can use a Kano analysis in order to find out if attributes are “must 
haves”, “one-dimensional” or “delighters”, which defines whether a certain attribute is something 
that the customer sees a primal need or if it’s just “frosting on the cake”. Benchmarking may be used 
in this phase as well, to see which competitors that best satisfies the customer needs, preferably 
with direct competitors. The aim will be to give the customer exactly what they want, but most likely 
the team needs to adjust the final CTQ selection so that company will be able to deliver. (Tennant, 
2002) 

Figure 2: DCCDI roadmap showing the seven steps in chronological order. 
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2.1.2.4 Concept development and business/customer approval 
There are two core pieces in order to succeed with the conceptual design phase in DFSS. The first is a 
free creativity to be able to brainstorm innovative and inspiring features. The other is the ability to 
measure and evaluate different features so that the best fitting can be selected. Once possible 
features are concluded, they are naturally sorted by setting up another QFD diagram which puts the 
CTQs that in this phase should be selected and approved by the business, in comparison to features 
to refine the concept and develop CTP (Critical to Process) characteristics. The process involves 
analysis of risk, evaluation of capability and elimination of risk of different design features. Already 
existing features carries less risk, but may lack the possibility to excite the customer, and are not 
likely to drastically change the capability. Capability analysis should be done with some form of 
simulation and modelling or piloting on paper that further ensures that it could work in reality. 
(Tennant, 2002) 

2.1.2.5 Design; formal and technical evaluation 
The difference between conceptual design and technical design in a DFSS project may be hard to 
point out, but is defined as the time when the talking and thinking about the design ends, in favour 
for the real practical designing and development (Tennant, 2002). While moving in to the technical 
design, three things are important. These are, quoted: 

1. “The design as a concept and brief must be formally frozen to prevent scope-creep.” 

2. “The concept, although well defined, must be solution independent.” 

3. “The practical design must continue to be verified against the CTPs and original concept.” 

(Tennant, 2002) 

The more of the design issues the conceptual design has solved the better. This is since the 
conceptual design is always cheaper, faster and needs less commitment than the practical design. 
Still, there has to be room in the design phase for different possible solutions. No direct guidelines in 
how to design is suggested in DFSS. Benchmarking, prototyping and simulations can all be used. 
What is suggested though is that a solution should always be gauged. The aim is that the solution 
fulfils all these questions with the answer yes. (Tennant, 2002) Quoted: “Does the solution deliver: 

- Foundation – solve the need, and only the need asked of it? 

- Form – look good, both aesthetically and internally? 

- Function – work in use and application, each and every time? 

- Formation – lend itself to ease of manufacture or delivery? 

- Facilitation – enable low cost and effort in maintenance? 

- Flexibility – facilitate future change, upgrade or disposal? 

- Favour – engender a positive attitude of acceptance of from the ‘general public’?” 

(Tennant, 2002) 
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2.1.2.6 Implementation to commercialization  
For smaller projects the implementation stage may be carried out by the business, but for larger 
projects there may be a need for engineer’s expertise. The aim in this stage is to ensure that the full 
design can perform properly with testing and piloting and then make a transition towards 
commercial deployment and full-scale production. The results from the testing will often highlight 
weaknesses in the design, and makes it possible for the engineers to make improvements to get rid 
of these flaws. These flaws may not only concern the designs technical performance, but also issues 
such as manufacturing, sales, material supply etc. Even though good design should take everything 
into account, it is almost never possible to do so. Excellence in design often comes from limiting the 
scope, which may exclude some implementation related issues. When these issues occur, they will 
have to be dealt with “on the run”. (Tennant, 2002) 

2.1.2.7 Handover to business ownership 
This stage can often be the first sign of the result of the project.  A well-executed DFSS project should 
ensure a well-planned and successfully executed product. The product should first be 
commercialized to the most stable, easiest and best understood customers, may it be the smallest or 
the largest. It is of great importance that the business can meet the requirements for delivery in 
volume, and without failure. Once these requirements are fulfilled, the project can extend to an 
eager larger market. (Tennant, 2002) 

2.1.3 Systematic design 
Systematic design methods have been used long before they were documented. The first methods in 
the subject were published in the 1970s. Although different authors use their own terminology, the 
development process is generally divided into the following steps: Product specification, Concept 
generation, Concept evaluation and selection, Detail design and product layout and lastly Adaption 
for manufacturing (Johannesson et al, 2004). These five steps can be compared, although not step 
for step, to step two to six in the Design for Six Sigma method DCCDI. This is shown in Figure 3 below. 

 

As mentioned in the introduction, the aim with the product development part of this thesis is to 
suggest guidelines for possible concepts that reduce moisture and dust ingress in truck lighting 
equipment. The steps including detailed design, adaption for manufacturing and commercialization 

Figure 3: Comparison between the DFSS and Systematic design methods. 
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will therefore be left for further development and are not to be handled in this thesis. This means 
that the steps product specification, concept generation and concept evaluation and selection of the 
Systematic design process will be covered in this thesis and these steps are, as shown in Figure 4 
below, represented by the second, third and fourth steps, that is the DCC, of the DFSS method 
DCCDI. 

 

 

 
Figure 4: The overlapping steps of the DFSS and Systematic design processes that are covered in this thesis.  

In the product specification step, the first task is to understand the problem and gather relevant 
information. Then the design criteria and a product specification need to be determined. To do this, 
it is recommended to use tools and methods such as the State of Art study, Product Design 
Specification list, do customer surveys and use the QFD house to specify which criteria is to be 
focused on. The theory behind and purpose of each of the tools presented in this and the following 
two steps of the Systematic design will be further explained in 2.2 Tools in the product development 
process. 

In the concept generation step, a systematic process will lead to a number of concepts that fulfil the 
product specifications. This process is based on the idea that as many concepts as possible is to be 
generated, so that there is a diversity of solutions to choose from. This is to ensure that most of the 
possible solutions will be found. The result of the concept generation is highly dependent on how 
thorough the production specification is done. A well done product specification ensures that the 
important functional criteria are covered to the greatest possible extent. Typical tools used in this 
step are brainstorming, Function-means-tree and morphological matrix. 

Concept evaluation and selection is the step in which the concepts are weighted and compared so 
that the best possible concept or concepts can be chosen for further development and testing. This is 
an important step, where the concepts are analysed and checked to see if the design criteria are met. 
It can be hard to make choices based on facts and measurable data when some concepts “just feels 
right” and it is important that it is clear which concept or concepts that are to be focused on. For this 
purpose the relative decision matrix is a helpful tool. (Johannesson et al, 2004) 
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2.2 Tools in the product development process 
The tools that are recommended to be used in the steps of the systematic design complement those 
recommended for the DFSS steps and hence will all of the tools be presented and explained, sorted 
under the steps of the DFSS method DCCDI. Figure 5 below shows under which step in the process 
and in which order the tools are used and presented in this and following chapters. 

 

 

 

Figure 5: DFSS roadmap showing the tools used in this thesis chronologically. 

2.2.1 Definition stage 
The three tools State of Art, Product Design Specification and Pairwise comparison are here 
presented and a brief description of the purpose behind the use of each and one of these tools is 
given. 

2.2.1.1 State of art  
To start defining the task a state of art study can be conducted. A state of art is a study and summary 
of the currently available products on the market or products that provides solutions to similar 
problems or in other ways are relevant to the task. This most certainly includes competitor products. 
A way of finding already known technical solutions is by searching in patent databases. Old patents 
which were impracticable when granted could be realizable with modern materials or techniques or 
might trigger some new ideas. It is also useful to be aware of similar solutions in other segments and 
can help to avoid patent intrusion or introducing failures that have already been overcome in other 
areas (Eder & Hosnedl, 2008; Ulrich & Eppinger, 2012; Johannesson et al, 2004). 

2.2.1.2 PDS - Product Design Specification 
A list of criteria is created based on customer demands and wishes. The demands and wishes have to 
be quantified and are then arranged after type e.g. measures. The demands are to be fulfilled in the 
final product, whilst the wishes are to be fulfilled to the greatest extent possible. This criteria list 
functions as a checklist throughout the design work and can be changed as well as refreshed during 
the whole design process. (Johannesson et al, 2004) 
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2.2.1.3 Pairwise Comparison 
All of the tools used to define the design criteria can and will be subject to subjective opinions. In 
order to minimize the effects of subjective opinions the different demands and wishes from the 
specification list can be compared in a pairwise comparison matrix, also called the Pugh method from 
the inventor Stuart Pugh. This is a quantitative method, but it is sensitive to the risk of subjectively 
weighted criteria. (Johannesson et al, 2004) 

2.2.2 Customer analysis 
This is one of the larger parts of the thesis so a rather thorough presentation of the theory behind 
the tools used for the customer analysis is therefore given. First the theory behind the Kano 
questionnaires is presented and then the theory behind the Quality function deployment method is 
presented. 

2.2.2.1 Kano’s theory of attractive quality 
Kano’s theory of attractive quality was first introduced in 1979 and has since then increased in 
exposure and acceptance. In product and service development it is often used in order to examine 
how customers view different attributes in terms of quality. The strength in the theory lies in its 
ability to provide guidance when one only can choose a certain amount of attributes. Attributes can 
be classified in five different types in terms of quality, “attractive quality”, “one-dimensional quality”, 
“must-be quality”, “indifferent quality” or “reverse quality”. (Löfgren & Witell, 2007) 
According to Löfgren & Witell, Kano claims that the theory of attractive quality originated because of 
the lack of explanatory power of a one-dimensional recognition of quality. Quoted;  

“For instance, people are satisfied if a package of milk extends the expiration and dissatisfied if the 
package shortens the expiration. For a quality attribute such as leakage, people are not satisfied if the 
package does not leak, but are very dissatisfied if it does.” (Löfgren & Witell, 2007) 
 
The expiration date can be explained by the one-dimensional view of quality. The leakage however, 
cannot.  The Kano model specifies how to classify different attributes, and how affecting them, will 
affect the customer satisfaction. The latter is shown in a Kano diagram. (Löfgren & Witell, 2007) 

Customer Satisfaction

Very Satisfied

Very Dissatisfied

Degree of 
Achievement

One-Dimensional

FullyNot At All

Indifferent

Must-Be

Attractive

 
Figure 6: Kano Diagram show how different attributes affect customer satisfaction. 
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In an earlier paper from 2005, Löfgren & Witell describes the classifications more thoroughly: 

 Attractive quality is something that surprises and delights the customer. These will satisfy 
the customer when they are fulfilled.  If they are not fulfilled however, they will not lead to 
any dissatisfaction. Relating an attractive quality to the example with the milk carton, 
Löfgren & Witell gives a thermometer that shows the temperature of the milk as an example 
of an attractive quality. 

 One-dimensional qualities are attributes that satisfies the customer when fulfilled, but if 
they are not fulfilled, will lead to dissatisfaction. These attributes where company generally 
and “more is better”. Examples are for instance the expiration date on milk found in the 
earlier quote, or 0-100 km/h in a car. It is also important to keep what you promise. Löfgren 
& Witell (2007) uses an example of flight time. If a flight over the Atlantic sea takes 10 per 
cent less time for the same price, it will probably lead to customer satisfaction. If the actual 
time only is 1% shorter, the customer will probably feel misled and will be dissatisfied. 

 Must-be quality are the attributes that are taken for granted, such as the non-leaking milk 
carton found in the earlier quote. These attributes will cause dissatisfaction if not fulfilled, 
but if they are, they won’t cause any increased satisfaction. These are design fundamentals, 
which the customers assume that the companies understand. 

 Indifferent qualities are attributes that just does not matter for the customer. Whether they 
are fulfilled or not, they will not lead to any satisfaction or dissatisfaction. 

 Reverse quality are attributes that if they are fulfilled, will lead to dissatisfaction and vice 
versa. An example that is used by Löfgren & Witell is that some people prefer high-tech 
products while others prefer basic ones. Presenting a product with many features for a 
customer group that prefers basic products, would be reverse quality. 

(Löfgren & Witell, 2005; Löfgren & Witell 2007) 
 
Originally, these classifications are based on a “Kano questionnaire”, even though alternative 
approaches have been suggested. Löfgren & Witell (2007) investigates four different approaches in 
their article. The approaches are the following: 

 Five-level Kano questionnaire 
 Three-level Kano questionnaire 
 Classification through direct questions 
 Classification via importance 

2.2.2.1.1 Five-level Kano Questionnaire 
The original questionnaire for the classification process is constructed so that it uses two questions 
for every customer requirement. The first questions ask how the customer would feel if a certain 
product have a certain feature. The second questions asks how the customer would feel if that 
product did not have a certain feature. The questions can be answers with these five alternative 
answers (name in matrix in parentheses): 

1. I like it that way (Like) 
2. I am expecting it to be that way (Expect) 
3. I am neutral (Neutral) 
4. I can accept it to be that way (Accept) 
5. I dislike it that way (Dislike) 
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The answers are then set up towards one another in order to classify the attribute in to the 5 
different classifications: 

1. Attractive Quality(A) 
2. One-dimensional Quality (O) 
3. Must-be Quality (M) 
4. Indifferent Quality (I) 
5. Reverse Quality (R) 

The Q that is found in the matrix stands for “Questionable” and is used if it seems uncertain that the 
respondent has understood the question. Every result of the response are then mark in the statistics 
in order to grade the feature. (Löfgren & Witell, 2007)  

Figure 7 shows an example of how a five level Kano questionnaire is carried out. 

Example of a five level Kano questionnaire: 

 

 
If you can order cinema tickets online, how do 
you feel? (Functional form) 

 
1. I like it that way 
2. I am expecting it to be that way 
3. I am neutral 
4. I can accept it to be that way  
5. I dislike it that way 

 
 
If you cannot order cinema tickets online, how 
do you feel? (Dysfunctional form) 

 
1. I like it that way 
2. I am expecting it to be that way 
3. I am neutral 
4. I can accept it to be that way  
5. I dislike it that way 

 
 

Customer requirements Dysfunctional 
Like Expect Neutral Accept Dislike 

Functional Like Q A A A O 
Expect R I I I M 
Neutral R I I I M 
Accept R I I I M 
Dislike R R R R Q 

 

C.R A M O R Q I Total Grade 
1. 1      1 A 
2.         
…         

Figure 7: How to grade attributes according to the five-level Kano classification, used in Löfgren & Witell (2007). 
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2.2.2.1.2 Three-level Kano Questionnaire 
The three-level Kano questionnaire is a simplified version of the five-level Kano questionnaire and 
has reduced number of answers, from five to three. The simplification was done for the English 
language by Kano himself, claiming that the original five answers was needed to capture nuances of 
the Japanese language. The three alternatives for answers are (name in matrix in parentheses): 

1. I am satisfied (Satisfied) 
2. I am neutral (Neutral) 
3. I am dissatisfied (Dissatisfied) 

As an additional benefit of the three-level classification, it makes it more likely for the respondent to 
complete the questionnaire. Other than the number of answers, the three-level Kano questionnaire 
is conducted in the same way as the five-level, with difference in matrix in which the answers are set 
up towards each other. (Löfgren & Witell, 2007) 

Figure 8 shows an example of how a three level Kano questionnaire is carried out. 

Example of a three level Kano questionnaire: 

 

 
If you can order cinema tickets online, how do 
you feel? (Functional form) 

 
1. I am satisfied 
2. I am neutral 
3. I am dissatisfied 

 
 
If you cannot order cinema tickets online, how 
 do you feel? (Dysfunctional form) 

 
1. I am satisfied 
2. I am neutral 
3. I am dissatisfied 

 

Customer Requirements Dysfunctional 
Satisfied Neutral Dissatisfied 

Functional Satisfied Q A O 
Neutral R I M 

Dissatisfied R R Q 
 

C.R A M O R Q I Total Grade 
1. 1      1 A 
2.         
…         

Figure 8: How to grade attributes according to three-level Kano classification, used in Löfgren & Witell (2007). 

2.2.2.1.3 Classification through direct questions 
Classification through direct questions is an even easier approach.  In this approach, the researcher 
should explain the theory of attractive quality to the respondents, and ask them to classify the 
attributes by themselves. (Löfgren & Witell. 2007) 
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2.2.2.1.4 Classification via importance 
This approach is based on the respondent’s perceptions of importance, labelled the “dual 
importance-grid”. It measures “overall satisfaction”, “stated importance” and “motivational 
importance”. Two of the attributes are graded numerical by the respondent; “overall satisfaction” 
from “very dissatisfied” to “very satisfied” and “stated importance” from “not at all important” to 
“extremely important”. Statistical analysis such as correlation analysis, regression analysis or partial 
least squares based on the attribute performance and the grading of “overall satisfaction” then 
derives the “motivational importance”. (Löfgren & Witell, 2007) 

2.2.2.1.5 Different approaches, different results 
Löfgren & Witell claims that since the Classification via importance approach always provides a 
balanced view of the quality attributes, it does not provide suitable assessment of quality attributes. 
Results of their 2007 study shows that the three-level Kano approach tends to classify more 
attributes as one-dimensional, than the five-level Kano do. Regarding the Classification through 
direct questions approach, Löfgren & Witell states that places great responsibility upon both the 
researchers and the respondents so the knowledge on the Kano’s quality dimensions is sufficient. If 
this can be achieved, data can easily be collected. (Löfgren & Witell, 2007) 

2.2.2.1.6 Categorization and Analysis  
Different ways to analyse the results are used, where one is to use the evaluation rule. The three 
most common answers are noted, and depending on the results the different qualities are 
categorized in one specific category. In order to make this categorization, the evaluation rule Must 
be>One dimensional>Attractive>Indifferent is used. When number of answers within the different 
categories are equal or close, more information might be needed. Another way to calculate an 
average, but doing this without losing the quality dimensions. This can be done by the formulas: 
 

퐵푒푡푡푒푟 =
퐴 + 푂

퐴 + 푂 + 푀 + 퐼
 

 

푊표푟푠푒 = −
푂 +푀

퐴 + 푂 + 푀 + 퐼
 

 
The better-value shows how customer’s satisfaction will increase with performance of the attribute 
while the worse-value shows how the customer’s satisfaction will decrease if the attribute doesn’t 
perform up to customer expectations. This can easily be seen by setting up a better/worse-diagram. 
(Löfgren & Witell, 2005) 

2.2.2.2 The Importance Trade-off Model 
Ruben Gregorio developed this method during his 2008 paper and it is based on the problem that the 
customer says that “everything is important” and makes it easier for the researcher to state the best 
possible choice in a trade-off situation.  
Questions are designed in such a way that two attributes are stated towards each other. The 
performance of each are graded in five steps from -2 (minimum performance) to +2 (maximum 
performance). The sum of the grades will always be zero, so if the customers want one of the 
attributes to perform at maximum level, the other will perform at minimum level. The attributes are 
then graded based on their total score. (Gregorio, 2008) 
 
Example:  

Assume that a coffeehouse chain company know that the customers are requesting a dish of milk and 
cookies. The company has done a price research and for the price that the customer is willing to pay, 
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they have to make some limitations in the portion size. The purchase price of 1 dl of milk and 1 cookie 
are the about same so the coffee states them as one unit. In order to make a descent profit on the 
dish the coffee shop can have a maximum of 4 units. Using the Importance Trade-off Model, the 
company can conduct a survey and by its results, create the dish that will lead to maximum customer 
satisfaction. 
 
Please mark the option that best fulfils your desired service level for a dish containing milk and 
cookies: 

Points -2 -1 0 1 2 
Milk 0 dl 1 dl 2 dl 3 dl 4 dl 
 - - - - - 
Cookies 4 pcs 3 pcs 2 pcs 1 pcs 0 pcs 
Points 2 1 0 -1 -2 

Table 1: Example of how the Importance Trade-off model is used. Conducted by the authors. 

2.2.2.3 QFD - Quality Function Deployment 
Quality Function Deployment (QFD) is a methodology developed in Japan during the 1960’s used to 
link customer needs to technical specifications in order to create an “optimal” product configuration. 
Originally, QFD evaluates four different stages; Product Planning, Parts Deployment, Process Planning 
and Production Planning. Usually, making the evaluation for all levels are very complex and time 
consuming, which leads to that most companies tend to focus on the first phase, Product Planning. 
The Product Planning phase is commonly referred to as the “House of Quality” and evaluates the 
linkage between customer benefits sought and product specification. This is done by an illustration of 
the relationship between the voice of the customer (VOC) and the voice of the engineer (VOE). 
(Kahn, 2006) 

The VOC shows what the customers wants to get out of the product and the VOE outlines the 
technical characteristics. The VOC is found by studies and shows customer needs/benefits sought as 
well as importance of each of these relative to each other and evaluations of yours and your 
competitions performance regarding these needs/benefits. The VOE shows the technical 
characteristics of the product as well as an indication of how to act in order to influence these 
characteristics and how they influence each other. (Kahn, 2006)  

The relationships between these are then shown through a matrix which makes it possible to 
prioritize different attributes. 

2.2.2.3.1 House of Quality 
The house of quality may be seen as a conceptual map which provides means for inter-functional 
planning and communications and building it begins with the customer requirements called CAs 
(customer attributes). Usually the attributes are listed as primary, secondary and tertiary, where 
primary is a vague description of what the customer wants, the secondary a more specific description 
of what the primary attributes contains of, and the tertiary is very specific and can even be quotes 
directly from the customer (Figure 9). 
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Good operation 
and use

Easy to close from the outside

Easy to open and 
close

Isolation

Arm rest

Stays open on a hill

Easy to open from the outside

Doesn’t kick back

Easy to close from the inside

Easy to open from the inside

Doesn’t leak in rain

No road noise

Doesn’t leak in car wash

Doesn’t drip snow or water when open

Doesn’t rattle

No wind noise

Soft, comfortable

In right position

Good operation 
and use

Interior trim

Clean

Fit

Material won’t fade

Attractive (nonplastic look)

Easy to clean

No grease from door

Uniform gaps between matching panels

Primary Secondary Tertiary

 

Figure 9: Example of customers attributes when designing a car door. 
(Hauser & Clausing, 1988) 

Customer attributes are then ranked in the order of their relative importance. The ranking is done 
based on the team members experience with customers or on surveys. Once CAs and ranking is 
stated, it is common to compare your performance on these attributes with competitors. By doing 
this, the new design enables one to gain or keep an advantage towards once competition. At this 
stage, the design team knows what within the product that is of importance, as well as how their 
current design performs. Knowing this, it is time to set up ECs (Engineering Characteristics) that are 
likely to influence one or several of the CAs. ECs that don’t affect any CA may be redundant 
information, but can also be a sign that the design team missed a customer attribute. A CA not 
affected by any EC on the other hand, may be an opportunity to evolve new features in the product. 
ECs should be described in measureable terms that directly affect the customer’s perception of the 
attributes. It is now possible to set up a relationship matrix and evaluate how, positively and how 
much and the different ECs influences the QAs. These are then marked with chosen symbols which 
describe the effect and then adds the objective measure. The objective measures are used in order 
to set up target measures. It is important to notice how one engineering change might affect 
another. There is no exact procedure on how to use the house, but it provides help for the design 
team to set up targets based on the customer voice and provides means to debate priorities. (Hauser 
& Clausing, 1988) 
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Figure 10: Typical QFD house. 

Various methods are used to gather the VOC and the idea is to let the customers speak for 
themselves as much that is practical.  Interviews are to prefer over surveys, since the survey 
designers should not influence the customer by determine the topics.  One can also use customer 
complaints as a source for customer needs, although this should not be the only source. Customer 
complaints are very useful in order to remove dissatisfiers, but may not always provide a complete 
image of the customer needs. (Cohen, 1995) 

2.2.2.3.2 What is Critical to Quality? (CTQ) 
During a DFSS process, a first house of quality is conducted in order to define the CTQ metrics which 
are used in order to measure the performance of the future design. A good measure should be able 
to determine if the customer is satisfied. CA's are ranked at the left part of the house, from an 
importance scale 1-10 or similar. The importance is then multiplied with the grade of effect that 
stated ECs will have on that specific CA. This will now show the linkage between ECs and customer 
satisfaction. For smaller projects this may be enough, but the more of the pieces that are put into the 
house the more information it will provide. It is possible to set up benchmarking squares to the left 
and at the bottom at the diagram, to benchmark how ones product is performing in comparison to 
the competition, for both the ECs and CAs. The information that now is provided can be used in order 
to choose the CTQs. This should be done in such a way so that the customer satisfaction increases as 
much as possible, with as little change of the product as possible. (Tennant G., 2002) 
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2.2.2.3.3 What is Critical to Process? (CTP) 
The CTPs is used in order to define how one will achieve the CTQs metrics. The procedure is done in 
the same way as in the first house, but with the difference that the chosen CTQs is put in the left part 
of the house, and different ways to achieve those are put at the top. For instance, if one CA is 
defined as that the customer wants a “Fast Check-in” the different ECs that has an effect on this are 
stated as altering the “Check-in time”, the “Service time” and the “Key Defects”. While summering 
the total effect that the ECs have on the different CAs, altering the “Check-in time” is chosen as the 
CTQ. The “Check-in time” is now placed in the left part of the house, and different concrete ways on 
how to affect it are placed at the top of the house, for example “Number of hotel staff” and 
“Separate staff lift”.  More sequential houses can be used, but the goal is to go from a solution 
concept to design features. When design features are defined, one chooses these in the same way 
that the CTQs are chosen in the first house, in order to achieve maximum customers satisfaction with 
as small changes as possible. (Tennant G., 2002) 

2.2.3 Concept development  
This is the final step of the DCCDI method that is utilized in this thesis and the tools that are 
presented here are all focused on concept generation and evaluation. The four tools presented are 
brainstorming, function-means-tree, morphological matrix and relative decision matrix. 

2.2.3.1 Brainstorming 
Brainstorming is a commonly used creative method to generate ideas for new concepts. The way to 
do this is to gather a cross functional development team. It is important that different competences 
and experiences are represented in the team. The idea behind brainstorming is that the members of 
the group should stimulate the creativity of each other by combining and improving the ideas of 
others. (Johannesson et al, 2004) 

2.2.3.2 Function-Means-tree 
The FM-tree is a way to visualize and brainstorm the functions and possible means to solve these 
functions. It is a hierarchic process with a “top-down” structure, meaning that one starts with a set 
functional criteria and then try to come up with the possible means to solve the function. The next 
step is to list part functions that are connected to the possible means and this process is then 
iterated until a suitable sublevel is found. The tree expands and often gets large rather quickly, 
therefore functions on a sublevel is preferably divided into new smaller trees. (Johannesson et al, 
2004) 

2.2.3.3 Morphological matrix 
The morphological matrix is a tool to generate concepts from the function mean tree. Each row 
contains a function with its correlating means. Concepts are then chosen from combinations of the 
means. Concepts that are obviously infeasible or do not fulfil requirements from the PDS are 
discarded. Some means might be dependent on others, so to reduce the amount of infeasible 
concepts and save time the connected means can be labelled with a colour or number to visualize 
the connection. 

2.2.3.4 Relative decision matrix 
To narrow down and possibly improve the concepts a relative concept matrix can be used. With this 
tool, also called the Pugh Concept Selection Process, you choose a concept as datum and compare 
the other concepts criteria for criteria with the datum as reference. If a concept is considered to 
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solve the criteria in a better way than the reference it gets a + and if not a -. The concepts that get 
the same or higher score than the datum gets to round two where the datum is switched to one of 
the other still competing concepts. This process is then iterated until a suitable number of concepts 
are left. During the elimination of the concepts the team that is performing the relative decision 
matrix should consider if the concepts can be upgraded or improved by combining concepts or 
making changes to certain features. This way new and better concepts might be introduced to the 
matrix and perform in the next round. (Ulrich & Eppinger, 2012) 

2.3 Physical aspects 
Under this title the physical aspects that are of interest in this thesis and affecting the performance 
of the lighting equipment are presented in alphabetical order. 

2.3.1 Air flow and velocities due to natural draft 
The concept of natural draft means that there is no fan or other device forcing an air flow. Instead a 
temperature difference between the outside air and the air inside a container with air ducts in top 
and bottom will cause a natural draft. For example, if a light source is heating the air inside a 
container, the warm air will rise upward and escape at the top duct and cool air will flow in through 
the bottom duct, causing a draft from bottom to top. Hence, the airflow caused by natural draft is 
dependent on the temperature difference and the length and width of the ducts. 

2.3.2 Condensation 
Condensation is the opposite of vaporization and occurs when vapour cools down under its 
saturation limit, for air this is called the dew point. The relative humidity (RH) of the air is what tells 
us if the vapours will condensate on a surface or not. If the RH of the air is above 100% condense will 
form as fog or drops on surfaces colder than the air. RH is further explained in 2.3.6 Relative 
humidity. This effect can be seen on for example glasses when the bearer is coming in to a warm 
house on a cold day. This is because the glasses still are cold from being outside and the warm inside 
air will be cooled when it comes in contact with the glasses, thus increasing its RH to the point where 
it is saturated and condensing on the surface. To get rid of the condensation problem you either 
make sure the air is so dry it does not get saturated when cooled down to the surface temperature or 
make sure that the surface is warmer than the air. 

 

Figure 11: Example of condensation on a headlight and turn signal assembly when going from cold to warm environment. 

2.3.3 Crazing 
Crazing is a network of fine random cracks in the surface of a material. It can often be observed in 
the surface of old glazed urns. In transparent polymers, crazing often looks like the material is milky. 
This ocular effect is caused by the light-scattering crazes. The crazing forms at highly stressed regions 
and often occurs as an effect of the material aging. It is common to find crazing in old polymer car 
parts like brake fluid reservoirs. In thermoplastic polymers crazing precede fracture, so the material 
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can still support a load when crazed. Crazing mostly occurs in amorphous, brittle polymers like PS, 
PMMA and polycarbonate. 

 

Figure 12: Example of crazing on a glass lampshade. 

2.3.4 Dust and road dust 
Dust consists of small particles that are carried through the air. The dust that a truck is exposed to is 
mostly road dust and dust made of dry soil. Road dust consists of tread wear, sand, soil, salt, road 
surface particles, exhaust particles and spill and waste like oil and such. (Road dust – health effects 
and abatement strategies, web 2012). What the road surface is made of depends on which country 
and in what field the truck is operating. This means that there are large differences in the appearance 
of the dust that the truck is exposed to depending on where on earth it is operating. For example the 
soil on Gotland in Sweden is rich on lime and is therefore almost white but in Brazil, the soil is rich on 
iron, making it reddish. Because of this, different types of dust can look very different and be visible 
of varying degree when it is covering certain surfaces. These differences might affect how dust 
ingress in lighting equipment is perceived on different markets.  

 

 

2.3.5 Hygroscopy  
Water does not only enter lighting components as water splash or humid air. Even lighting 
assemblies without ventilation and leakage gets an increase of moisture on the inside when heated. 
This is due to that the polymeric materials used are hygroscopic, which means that they absorb 
water. What seems to happen is that when the polymer is heated, it releases water vapour on the 
inside and raises the RH of the inside air and then when the inside air gets in contact with the cooler 
lens, condensation forms on it. (Bielecki et al, 2004)  

Figure 13: White dust on Gotland. Figure 14: Red dust in Brazil. 
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The noticeable difference from capillary attraction is that this also changes the physical aspects of 
the material to some degree. An example of utilization of a materials hygroscopic effect is the silica 
gel used as a desiccant. Some polymeric materials absorb more water than others and the 
characteristics of a selection of common polymeric materials used in lighting assemblies can be seen 
in Table 2 (Blomqvist, 2012). 

Plastic Density 
(g/cc) 

Absorption at 
Equilibrium (%) 

Absorption at 
Saturation1 (%) 

ABS 1,05 0,35-0,45 0,45 
ASA 1,07 0,35 0,35 
BMC 1,88 0,12-0,13 0,13 
PC 1,2 0,09-0,35 0,35 
PEI 1,35 0,75-1,25 1,25 
PET 1,35 0,3 0,3 

PMMA 1,18 0,3-0,33 0,33 
PP 0,937 0,1 0,1 

Table 2: Common polymeric materials absorption of water in weight per cent.  
(Bielecki et al, 2004) 

2.3.6 Relative humidity 
The relative humidity, RH, describes the ratio of the partial pressure of water vapour to the saturated 
vapour pressure of water in an air-water mixture at a certain temperature. A simplified way of 
describing it is that it is the ratio between actual amount of water vapour and maximum possible 
amount of water vapour that can be a part of the air-water mixture at a certain temperature and 
pressure. This is of interest since the warmer the air is the more water vapour it can contain and the 
higher the pressure, the less water it can contain.  

 

Figure 15: Air saturation curve. 

Air with a temperature of 10°C at sea level pressure can contain 9.4g of water vapour per m3 and if 
this would be the case it would be 100% RH which means the air mixture is fully saturated. If the 
temperature then suddenly rises to 20°C without adding any water vapour the RH would be 54% 
                                                             
1 Saturation reached when submerged into water. 
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since the air can contain 17.3g water vapour per m3 at that temperature. If the temperature instead 
would drop from 10°C to 5°C the parts of the water vapour, 2.4g, would have to condense since the 
air already was fully saturated and now the air can only contain 7 g water vapour per m3. 

2.3.7 Thermoelectric effect and Peltier element 
The thermoelectric effect is the conversion of temperature difference to electricity or, as in the use 
of a Peltier element, the opposite. A Peltier element is a thermoelectric device consisting of two 
plates of different metals, commonly Bismuth and tellurium. If you apply electricity to a Peltier 
element it will get warm on one side and cold on the other. One could say that it heats one side, the 
hot side, more than the electrically applied effect by taking energy from the other side, the cold side, 
thus cooling that side. The efficiency of a Peltier element when the wanted effect is cooling is 
therefore relatively low but the ability to heat is better than to cool. Peltier elements are available in 
many different configurations and sizes and can be just a couple of millimetres thin. 

 

Figure 17: A typical Peltier element.              

  
Figure 16: Thermoelectric schematic. 
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3 Methodology 
This chapter presents the method used to conduct the thesis. It also describes where and how 
different techniques found in the theoretical framework are used and discusses how different 
methods on how to gather information will be used in this report. In 3.1 Choosing method an 
introduction to the choice of the method for the task is given and then in 3.2 DFSS Methodology the 
chosen method is described. The methodology chapter ends with 3.3 Method discussion where the 
different methods of collecting data are described.  

3.1 Choosing method 
This Master thesis is conducted at the Visibility Components department at Scania R&D in Södertälje 
together with Linköping University, department of Management and Engineering, in collaboration 
between the divisions of Machine Design and Quality Technology and Management. The conclusions 
in this thesis are based on scientific theories and analysis of different solutions that are used. The 
method used is to achieve this is based on the DFSS method DCCDI, which is described in chapter 2 
Theoretical framework. Since the aim with the thesis is to define and describe if there is a difference 
in customer acceptance and warranty claims behaviour depending on where the truck operates and 
suggest guidelines for possible concepts, the thesis will only include the DCC of the DCCDI. The steps 
including detailed design, adaption for manufacturing and commercialization will be left for further 
development. 

 

Figure 18: The DCCDI roadmap for DFSS showing the steps conducted in this thesis in blue. 

Awareness while choosing and applying methods, as well as techniques, is important in the aim for 
scientific results. It may be wise to, if possible, choose several methods and techniques while 
performing a study. The reason for that is that it gives more validation of the conclusions drawn if 
several methods and techniques are providing results that are all pointing in the same direction. 
(Ejvegård, 2003) 

3.2 DFSS Methodology 
As base methodology for the project, the DFSS method DCCDI is used. It is preferred as a base over 
the Systematic Design methodology because of the stage of customer analysis which better serves 
the thesis objectives. However, since Systematic Design includes several useful tools that easily can 
be fitted into the DFSS methodology, these will be used in cases where they are justified. Justification 
may be based on time efficiency, ease of use or if they can provide additional information to a 
certain stage. As mentioned in 3.1 Choosing method, the thesis will only proceed into the second C of 
DCCDI that is the Concept development step. This means that the four steps that will be performed 
are the Initiate project, Definition stage, Customer analysis and Concept development. The flow chart 
in Figure 19 shows what is done in each of the four steps and this is also the order in which the 
method is presented. 

1: Initiate

• Initiate Project

2: D

• Definition stage

3: C

• Customer analysis

4: C

• Concept 
development and 
business/customer 
approval

5: D

• Design; formal 
and technical 
evaluation

6: I

• Implementation to 
commercialization

7: Handover

• Handover to 
business ownership
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Figure 19: Methodology flow chart. 

3.2.1 Initiate project  
 

In this project, the business would be the lighting components department at Scania CV who founded 
the case. Considering time length of the project, as well as the number of members in the project 
team, it seems reasonable to state that the project is rather small. With this stated, it is sensible to 
only have one person as owner, supporter and champion of the project. Niklas Blomqvist is selected 
as supervisor by RECV manager Hans Lind and will therefore be holding these positions.  

3.2.1.1 Planning tools 
Since a product development process consists of several different tasks, it is of great importance to 
do a thorough planning to get a grip of what to do and when to do it. In order to maintain a good 
overview of the current state and the progress of the project, three planning tools are used. To plan 
the overall development time and set checkpoints and long term goals, a Gantt chart is used and for 
the daily plans and updates Visual Planning, which is used by the Scania R&D organisation is used. To 
divide the separate tasks planned in Visual Planning into smaller portions and keep record of the 
project development, Scrum is used. 

The Gantt chart is a classic tool to get an overall view of the timing of the larger parts of the project 
but neither does it give information of dependencies among tasks nor does it offer the possibility to 
log and backtrack the development of the project (Ulrich & Eppinger, 2012). For this, there are more 
agile planning tools like the Visual Planning (VP) or Scrum. VP, which is used by the research and 
development departments at Scania, visualizes all the smaller tasks that are to be done and enables 
the users to communicate the amount of workload they have and to some degree what task is 
dependent on what. One weakness is that it does not really show how well the engineers estimated 
the workload and what tasks that needed the most time. For this Scrum is a great tool. This tool 
enables full logging of the progress and show what tasks to focus on. Scrum is based on sprints which 
are up to a month long (Scrum web, 2013). These three planning tools complement each other by 
covering the different needs of short and long term planning, transparency, progress control and 
logging.   

3.2.2 Definition stage 
 

 

The scope of the problem is originally defined by the business as reducing the problems with 
moisture and dust in lighting equipment which somewhat differs from the objective of the thesis. 
The reason for this is that the thesis does not aim to fully complete the DFSS project since the 
product design process to the extent that the product is ready to be commercialized is a time 
consuming project, and cannot be completed during the time span of the thesis. The objective of the 

Initiate project

•Planning tools

Definition stage

•Problem decomposition
•Literature studies
•State of art
•PDS
•Pairwise comparison

Customer analysis

•Warranty claims
•Service manager survey
•Kano survey
•QFD
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•Relative decision matrix
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thesis can be fulfilled at the Concept development step. Once that is done the rest of the project will 
be carried out by the business, which seems suiting while considering that the project is defined as 
rather small. In the definition stage, five distinct methods and tools are used to help define and give 
an approach to the problem. In the same order as they are used the problem decomposition, 
literature studies, state of art, product design specification and pairwise comparison are presented 
here below.   

3.2.2.1 Problem decomposition 
Although the problem is stated as reducing moisture and dust in lighting components, one has to be 
aware of the fact that it is a complete product that one is trying to improve and a solution that solves 
the problem with moisture and dust might have effects on other performances. Therefore the 
original design criteria list and QFD are made for the complete product, but is later reduced so that 
only the attributes that are affected by the different solutions for the reduction of moisture and dust 
will be part of the consideration. For both moisture and dust, different standard solutions are stated. 

Benchmarking is not used in this stage due the fact that a proper road test would be far too time 
consuming. Setting up laboratory tests is more plausible, but when one realizes that the truck has to 
operate in all kinds of weathers and environments, one will have to set up a very large number of 
tests to evaluate different solutions performances based on testing. Instead, a State Of Art defines 
the different solutions that are used by different vehicle manufacturers. These can later, with help of 
the results from the customer analysis stage, be evaluated by reason, reduced, and tested later on in 
the project. 

3.2.2.2 Literature studies 
The literature studies serve a purpose in the way that the theories found in chapter 2 Theoretical 
framework states tools, techniques and foundation for the analysis. It is also used for 4.2.1 State of 
art, where earlier research in similar areas provide useful information that enables this project to 
reach further than otherwise would have been possible. 

3.2.2.3 State of art 
The state of art is one of the largest and probably most time consuming parts of this thesis. To 
understand the nature of the problem, how and from what the components are made and how 
solutions that aim to solve one of the problems correlate with the other a larger picture has to be 
made. Firstly, an introduction and study of Scania’s current lighting assemblies is done. Thereafter a 
selection of the competitors’ products, decided by availability and relevance based on 
recommendations and the author’s choice is dissected. Information about customer problems on 
road cars are gathered from various online-forums and patents regarding ingress protection in patent 
databases read. Internal Scania specifications and test standards and international SAE reports 
(Society of Automotive Engineers) regarding moisture, dust, defogging and ventilation problem and 
methods are studied. Altogether, a study of the current state, regarding production, use, 
development and research of lighting assemblies and the moisture and dust problem is done. 

3.2.2.4 PDS - Product Design Specification 
To specify the customer needs and create a PDS, the difference between the different lighting 
assemblies are to be clarified and an area to focus on chosen. Thereafter a criteria matrix, based on 
Olssons criteria matrix (Johannesson et al. 2004), is used to help define the aspects to be considered 
when defining and setting up the customer needs. The customer needs are defined and stated as 
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required or wanted and if wanted ranked between 1 and 5, 5 being the most desirable. Although the 
customer needs and the ranking probably will be subject to change depending on the results from 
the customer analysis and focus group surveys which is worked on in parallel and on-going for the 
whole study, it is still useful to try and predict them in order to get on with the project. Iterations this 
early in a product development process is not necessarily considered a step backward, but more of as 
a natural part of the process (Johannesson et al, 2004). After this, a list of metrics based on the 
customer needs and information from the state of art, is made.   

3.2.2.5 Pairwise comparison 
The different criteria in the PDS are compared to each other in order to evaluate and rank the needs 
according to importance. The ranking is firstly done by the authors and then discussed and corrected 
together with the supervisors from Scania so that the ranking is in compliance with Scania’s business 
interest and core values. This is done by placing the needs in a pairwise comparison matrix as 
suggested by Johannesson et al, (2004). The matrix should be constructed with the needs filling out 
both the rows and columns. The needs are then compared to each other and by row given a score of 
2 if more important, 1 if equal and 0 if less important. A need does not need to be compared to itself 
thus rendering the diagonal empty. The need with the highest score is considered the most 
important and so on. To normalize the result the points are divided with the total sum of points.  

3.2.3 Customer analysis 
 

 

The customer analysis is conducted in four steps in order to understand where the problem is most 
severe, and how customers view different ways to solve the problem. These four steps are collecting 
of warranty claims statistics, a service manager survey, a Kano survey and finally a QFD. For the 
surveys the questions are based on the customer criteria conducted in the PDS, but are reduced to 
criteria that are specific for the moisture and dust problem.  

3.2.3.1 Warranty claims 
The first step is based on the warranty claims. Warranty for all type of lights and all types of claims 
for the last three years are collected. Lamps with a significant number of claims is taken in concern 
and then sorted so that only warranty claims concerning moisture and dust are remaining. Statistics 
are based on country unit and types of complaints (moisture or dust).  Warranty claims statistics are 
then compared with sales statistics. 

3.2.3.2 Service Manager Survey 
The next step is conducted with a survey provided to service managers in different country units all 
over the world. This survey also enables the authors to find out if there are any country units, other 
than those found in the warranty claims that may be potential problem areas. The survey is mostly 
based on pictures, where the respondents specify where it is likely that the customer would make a 
complaint. Additional questions are based on the expected customer acceptance towards specific 
solutions, and for how long after the start-up the lamp should be moisture free. Since pictures found 
from actual warranty claims varies too much in quality, it was impossible to use them in the survey. 
Pictures were therefore created for the headlamps. For the EOMLs (End Outline Marker Lamps is a 
lighting component and all components can be found explained in Appendix 2-1 Components), Scania 
has good pictures from an earlier test. The pictures were created by putting moisture and dust inside 
the two types of headlights that are used in Scania trucks, H4 and H7/Xenon (explanations of the 
components are found in Appendix 2-1 Components). The moisture was applied using modified bulbs 
with a small water container surrounding the bulb.  
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Figure 20: Modified bulbs used to get lamps filled with moisture. 

As the bulb is lit the water is vaporized and fogs the lens. When all water has turned into vapour the 
bulb heats the lens and defogs it just as it would in a usual manner. Photographs where then taken 
on the headlight as it defogged which made it possible to specify different levels of fog for the 
survey. 

 
Figure 21: Headlight with fog on lens. 

The dust was placed by removing the lens and successively placing small amounts of dust in the 
lamp. The lamp was then shaken until the dust was evenly spread in the lamp. The original dust that 
Scania uses for dust sealing testing is originally white, but since there were suspicions that the colour 
of the dust might have an impact on how one grade the severity of the ingress, some dust was 
coloured brown in order to make it look like the dust found in warranty claim reports from South 
America. 

 
Figure 22: Headlight filled with white dust as reference for survey. 

 
Figure 23: Headlight filled with brown dust as reference for survey. 

 
Figure 24: Headlight from warranty claims, filled with brown dust. 
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3.2.3.3 The Kano Survey  
The Kano survey is sent out to key customer groups that is specified by the warranty claims statistics 
and the Service manager survey. The chosen key customers are Swedish and Brazilian. The choice of 
Brazil is based on the warranty claims statistics. The choice of Sweden however, is based by some 
reasoning. The Service manager survey points UK to be the country unit with lowest acceptance 
towards moisture and dust. However, the acceptance in Sweden is still among the lowest, and since 
this thesis is conducted in Sweden it simplifies the process of getting in contact with the customer. 
This makes it possible, to a greater extent, to choose the people that receive the Kano survey and in 
this way get perspective from different types of customers. 

The design of the questionnaire is from question 1 a) to question 4 b) designed after the five-level 
Kano model. The choice of the five-level Kano model is based on the study by Löfgren & Witell from 
2007. The three-level Kano model is discarded because of the risk on to many attributes are classified 
as “one dimensional”. The classification by direct questions is discarded out of practicality. Since 
respondents are widely spread across the world, it is impossible to keep track if they have 
understood the theory of attractive quality. The classification via importance is discarded since it, as 
Löfgren & Witell (2007) states, always provides an even spread among the different classifications. 

Question 5 and 6 are based on Gregorio’s (2008) Importance Trade-off Model. Question 6 is 
formulated directly after the model while question 5 only focuses on giving up diesel for a static 
promise of regarding protection towards moisture and dust. The reason for that is that since the 
current lamps do not have any electric powered device for reducing moisture and dust, it is 
impossible to remove something in order to improve the current fuel consumption. The amount of 
diesel that might be needed is calculated with the following assumptions: 

퐸푛푒푟푔푦	푑푖푒푠푒푙:퐸 = 38,6	 푀퐽 푙 
 

푇표푡푎푙	푒푓푓푖푒푛푐푦, 푟푒푑푢푐푖푛푔	푓표푟	푏표푡ℎ	푒푛푔푖푛푒	푎푛푑	푎푙푡푒푟푛푎푡표푟: 휂 = 0,33 
 

푈푠푖푛푔	푎	푡표푡푎푙	표푓	100	푊푎푡푡푠,푤ℎ푖푐ℎ	푠ℎ표푢푙푑	푏푒	푚표푟푒	푡ℎ푎푛	푝푙푒푛푡푦	푖푛	푡ℎ푖푠	푎푝푝푙푖푐푎푡푖표푛, 표푛푒	푔푒푡푠: 
 

퐶 =
100 ∗ 3600

휂
= 108	 퐾퐽 ℎ 	→ 퐷 =

퐶
퐸

= ~0.03 푙 ℎ. 

푊푖푡ℎ	푎푛	8	ℎ표푢푟	푤표푟푘푖푛푔	푑푎푦, 표푛푒	푔푒푡푠	푎	푑푎푖푙푦	푐표푛푠푢푚푝푡푖표푛	표푓	0.24 푙 푑푎푦 

푆푖푛푐푒	푡ℎ푒	푎푠푠푢푚푝푡푖표푛푠	푎푟푒	푞푢푖푡푒	푟표푢푔ℎ푙푦	푚푎푑푒, 푡ℎ푖푠	푖푠	푟표푢푛푑푒푑	푢푝	푡표	0.25 푙 푑푎푦 

Question 7, which concerns the price of the lamp, is not graded by any steps since it is very hard to 
estimate any price change due attributes without making thorough research. However, the answer 
provides a direct guideline. If the answer is yes, Scania can go further on with a price investigation in 
order to find out what the customer is willing to pay for the protection against moisture and dust. If 
the answer is no, they know that any changes that they are making has to be very cost effective, so 
that it not affects the price of lamp. To simplify for the respondent, questions are written with some 
generalisations. For instance, question 1 concerns the customers view about replaceable filters. The 
customer view on filters with regular changing will be assumed to fit every type of trapping device 
that needs regular changing, for example desiccants. In order to get as many respondents as 
possible, the survey is translated to Swedish by the authors and Portuguese by a contact person on 
location in Brazil. 
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• Relative decision matrix

3.2.3.4 QFD 
The results from the customer analysis lead up to the customer attributes in the rows of the QFD 
house. From the customer attributes, interviews with the engineers at Scania and the knowledge 
gathered during the State of Art, the relevant engineering characteristics is decided and entered in 
the columns. The theory behind the QFD and a figure of the QFD-house can be found in 2.2.2.3 QFD - 
Quality Function Deployment. 

3.2.4 Concept development 
 

 

In the concept development step, the information gathered in the previous steps is used to generate 
concepts. This is the last of the three of the DCCDI steps carried out in this thesis, and the aim with 
doing this step is both to come up with guidelines for new concepts and to test that the criteria that 
have been found and set in the previous steps seem correct and relevant. To do this, another four 
tools are used. These are the function-means-tree, morphological matrix, brainstorming and relative 
decision matrix. 

3.2.4.1 Function-Means-tree 
After the gathering of information in the State of Art-phase and with base in the problem 
decomposition a Function-Means-tree was made covering possibly wanted functions and means to 
solve them. As to not get the tree too large to overview the Function-Means-tree was divided into 
four individual branches separated by the technical principle to be solved. The four problems were 
chosen as; minimize dust ingress, minimize effect of dust ingress, minimize moisture ingress and 
minimize effect of moisture ingress.  

3.2.4.2 Morphological matrix 
From the Function-Means-tree a morphological matrix is made to make it easier to visualize the 
different means available to generate concepts from.  

The morphological matrix is constructed with the functions listed in the leftmost column and the 
means to solve the functions in the following rows. From this matrix, concepts can be chosen based 
on what functions are to be solved. This can be done with a combination of methods including just 
picking means arbitrary, by intuition, “this might work” and knowledge of similar solutions. 
(Johannesson et al, 2004) Means that require certain other means or functions can be marked with a 
notation, so that impossible combinations easily are avoided. 

3.2.4.3 Brainstorming 
A group of engineers chosen from their knowledge and involvement in relevant development 
projects is gathered for a short session, about one hour long. Concepts are presented and discussed 
and notes made about to what should be looked into further and what to not go further with. 
Discussions with the engineers directly sort out concepts that are not interesting for further 
development. 

3.2.4.4 Relative decision matrix 
As a first sorting of concepts that are best suited for further development when looking to the 
customer needs, the relative decision matrix is used. One concept is set as datum and the other 
concepts compared to that datum, customer need per customer need. The scoring from the pairwise 
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comparison is added, giving the customer needs different weighted importance. The four concepts 
getting highest points are then compared to each other in the customer requirements and technical 
requirements matrices of the QFD to compare and verify the results. 

3.3 Method discussion 
There are many various methods that can be used in product development and depending on which 
is used, the progress of the work will vary and different aspects will be highlighted. In this thesis both 
customer and technical aspects are considered, so preferably a method that highlights both these 
aspects is used. Also, since the thesis will end before a fully developed product is presented a 
method divided into different steps is preferred since it will make it easier to hand over the project 
for future development. Therefore, DFSS with the DCCDI roadmap is chosen as main method. The 
DCCDI roadmap is preferred over DMAIC, DMADV and others because of the pure customer analysis 
step and the concept development step which suits the objectives with the thesis very well and 
makes it possible to present results both separately and combined for the technical and customer 
aspects. Since Geoff Tennant is the inventor of the DCCDI roadmap, his book from 2002 is used as 
basis for the method. Of course, multiple sources could have been used to define the method, but 
there is a great possibility that these are based on the works of Tennant. Other sources are therefore 
neglected in order to minimize the risk of misinterpretations from other authors.  

Although the DCCDI roadmap states a good process for what should be done and when it should be 
done in the project, it never definitely states how to do it. Suggestions of different tools are made by 
Tennant, but these are done with the emphasis that they “may” be used. This is wise, since 
depending of the size of the project, different tools are more or less suiting. However, solutions for 
any given task seldom appear out of nowhere, so it is beneficial to use a method while performing a 
task instead of attacking the problem randomly. The concept of Systematic design compiles 
numerous of different techniques that here can be used as a toolbox for how to perform tasks within 
the DCCDI process. The different techniques that are used to facilitate the work of product 
development are in general fairly easy to use. The book Produktutveckling by Johannesson et al. from 
2004 is very well established within Systematic design and is used as foundation for these 
techniques. As a complement to that source, both Ulrich & Eppingers Product Design and 
Development from 2012 and Eder & Hosnedls Design Engineering are used. There are no major 
contradictions between these sources they merely complement each other. For the simplest 
techniques, this foundation is seen as sufficient in order to understand them. For more advanced 
techniques, e.g. QFD, multiple authors are used to the extent that seems necessary to get a good 
understanding.  For tools and theories that are not part of Systematic design, e.g. Kano’s theory of 
attractive quality, the focus has been to use the work of established authors for that specific subject.  

The choice of using Systematic design as a toolbox for DFSS is a product of the authors’ different 
specialisations, Quality management and Engineering and Product development. By conducting the 
thesis as an interdisciplinary project, the authors can draw benefits from working side by side, 
supplementing each other in each step of the process. When designing questionnaires, making the 
customer need list and generally in every step of the process, the combined knowledge of the 
different methods and involvement in the previously conducted steps of the process can be truly 
beneficial. This increases the likelihood that the right questions are being asked, the right decisions 
are being made and the best ideas are being generated, thus leading to the choice of the best 
concepts for further development from both the customers’ and engineers’ point of view. 
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4 Empirical Findings 
In this chapter, information and data gathered from interviews and in the definition stage and 
customer analysis of the DFSS method DCCDI is presented. First a summary of the unstructured 
interviews is presented and after that the findings will be presented in the same order, according to 
the steps in the DCCDI method, as the method chapter of this thesis is. Since empirical data is not 
produced in all steps of the DCCDI produce, only those steps that do will be represented here. The 
information presented in this chapter is used to complete the tasks in the DCCDI steps and will lead 
to the results and analyses that are presented in chapter 5 Results & analysis. 

4.1 Interviews regarding lighting equipment design & quality 
Several unstructured interviews have been conducted with Scania engineers concerning difficulties 
found while designing lighting equipment, and problems that are found in different countries. These 
have been conducted constantly during the project and used when they are found suiting. The 
interviewees are various employees working with research and development in electrical and 
electromechanical components as well as visibility components, field quality and product quality. 
From these people information is gathered that can be considered as known facts or at least very 
well based assumptions. 

About hermetically sealing a lamp:  
A guideline is that the limit for efficiently hermetically seal anything is the volume of an egg and 
because of this, it isn’t beneficial to try to design a hermetically sealed lamp. However, even if you 
succeed to seal a lamp, as soon as a minor crack appears, pressure variation will make lamp suck 
moisture in. Once the moisture gets in the lamp, it will not disappear. The plastic chosen for the lamp 
design can also be a problem. This is because the plastic absorbs water. Later while the lamp is all 
fitted together, temperature changes make the water appear within the lamp as fog. The EOML, 
which is intended to be hermetically sealed, also has the problem of leakage at the joints. This is 
because, currently, it seems that suppliers cannot provide ultrasonic welds that don’t break.  
 
About the markets:  
Suspicions have been from quality departments that the UK or Brazil might be markets where the 
problem is most occurring. In the UK because of the regular inspections that occur, where trucks can 
be stopped randomly and be forbidden to proceed for minor failures and in Brazil because of the 
red/brownish dust that exists there. 
 
About the moisture and dust contradiction: 
When trying to reduce moisture by creating better ventilation, more dust will be able to enter the 
lighting assembly thus we have a contradiction when designing a solution. If the problem was stated 
as reducing the amount of dust only, one could do this by making sure that the largest entrance/pore 
in the lamp was smaller than the dust particles in the surroundings. The problem with that is, as 
earlier stated, that because of the problems with hermitically sealing a large lamp some kind of 
ventilation is needed. This can be obtained by using different membranes or filters, but these will still 
let water in as vapour. If the lamp and the air within it cool down, this vapour will then fall as drops 
and will be trapped inside the lamp if the lamp isn’t drained. In order to drain the lamp, it has to have 
large enough draining holes which then will lead to ingress of dust particles. 
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4.2 Definition stage 
 

Here, information that is gathered in the definition stage of the project is found. This concerns 
current lamp designs and different techniques that are used to design them, as well as different ways 
on how to deal with the moisture and dust problem and findings from interviews. This information is 
later used to complete the step and the results and analysis of this can be found in chapter 5 Results 
& analysis under 5.1 Definition stage. The results and analysis of the definition stage and the 
customer analysis stage will also function as basis for the concept development stage. 

4.2.1 State of art 
First the principles of ingress protection are presented followed by an introduction and brief 
explanation of different techniques used when designing lightning equipment. After that a brief 
introduction to the international standards are given to show what the requirements for a lighting 
component can be. Lastly, a brief explanation of the testing procedures at Scania and a summary of 
SAE-reports (Society of Automotive engineers) on the subject of CFD (Computational fluid dynamics) 
simulation methods are presented. 

4.2.1.1 Principles of ingress protection 
The main problem with dust and moisture in lighting equipment can roughly be narrowed down to 
the fact that water, in liquid or gas form, and/or dust particles are able to enter the compartment 
which is supposed to be free of it. Considering this as the main problem, the task of the state of art is 
not only to define what solutions are available as of now but also to find out what happens when 
water and dust gets in and how it affect the lighting equipment when it is there. One way of setting 
up the problem is by making categories of tightness. There are three main types regarding tightness 
of lighting assemblies. Sealed, open or membrane protected. The different types have their own pros 
and cons regarding manufacturing process, thermal management, and ingress protection. 
(Blomqvist, 2012) Below are the three types presented in the order Sealed, open and membrane 
protected. 

4.2.1.1.1 Sealed container 
A completely sealed assembly is, as expected, designed to not let any water or dust in. The problem 
with this design is that it is very hard to make something that does not leak. Laboratory testing and 
experiences from field tests tell us that assemblies hermetically sealed in production, eventually, will 
suffer from the pressure differences and the casing will bend or crack, thus causing the assembly to 
starting leaking. The assembly will then work as a pump and water inevitably be transferred into it.   
Added to this is the fact that the polymers used for these applications are hygroscopic and therefore 
absorb water to a certain degree. To, as far as possible, avoid the risk of condensing moisture and 
pressure build-up inside a lamp the volume of the enclosed air should not exceed the size of an egg, 
as a rule of thumb. A selection of methods that currently are used on the market to assemble and 
seal lighting equipment is presented under 4.2.1.3 Joining and sealing techniques. 

 

Figure 25: The Scania EOML is an example of a sealed lighting assembly. 
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4.2.1.1.2 Open ventilation 
Most lighting assemblies are ventilated through natural aspiration. This is often done with open 
canals with either direct straight inlet and/or outlet, or canals with water traps. Typical water traps 
can be constructed by designing the canal as a labyrinth or by putting angled rubber caps at the inlet 
and/or outlet. This helps avoid water from flowing or spraying directly into the assembly. It is 
important to make sure that water does not get trapped in the canals, as it will evaporate leading to 
condensation and fogging on the lens. The benefits of open ventilation are that it is an easy and 
effective way to get ventilation and it is cheap to manufacture. The crucial problems with this design 
are that it neither hinders dust particles nor vapour to enter the assembly and in the event of being 
heavily flushed with or sunk under water it will be water filled.  

 

Figure 26: Open canals on a Scania fog lamp. 

4.2.1.1.3 Membrane protected ventilation 
To deal with the dust problem that comes with open ventilation, a membrane can be inserted in or 
mounted in front of the canal. The membranes are supposed to be mounted on both inlet and outlet 
side creating a controlled volume between the membranes, but some lamp manufacturers claims it 
will work fine if it is only mounted on the inlet side with a conventional rubber grommet on the 
outlet side. Membranes can also be used to eliminate the pressure differences that come with a 
sealed assembly and for that application only one membrane is mounted. Some membranes, like 
ones made by Nitto, are hydrophobic and does not only prevent dust from passing through it but also 
water. This means that the membrane is not only protected from being soaked by water, it also helps 
keeping the membrane from clogging up, which therefore will be working for a longer duration of 
time. A problem with membranes is that they, despite being hydrophobic, eventually will be clogged 
up and need replacement. Some car manufacturers, such as Porsche and Land Rover, uses 
membranes on their lamps, but it is still not known if they are durable enough to be suitable for 
application on a truck.  

 

Figure 27: Blue Nitto membrane fitted on a Land Rover fog lamp. 
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4.2.1.2 Ventilation techniques 
Under this title are the ventilation techniques that can be used and should be considered both when 
designing and manufacturing lighting components presented and discussed in alphabetical order. 

4.2.1.2.1 Canals 
Canals or rather labyrinths can be used to ventilate the lighting assembly. The reason for making a 
labyrinth is to prevent water from directly getting into the assembly. The canals should also be 
constructed so that water cannot be left standing in them to prevent the water from evaporating and 
fogging down the lens.  

4.2.1.2.2 Forced convection 
In this case, forced convection refers to air exchange that is created by a mechanical construction, 
not a directed external air flow created by wind or the vehicle moving.  

The use of a fan, much like a computer, fan is a way to force an air stream in the lighting assembly. 
This is for instance used by Audi, but probably not to get rid of the problem with moisture and dust, 
but to get the excess heat away from the LED-lights cooling fins. Still, this might be a way to solve the 
problem by getting an increased convection.  

 

Figure 28: Audi headlight with a fan mounted behind the armature. 

Another way to force the convection is to use pressure. This could be done with different means, like 
using the air pressure system on the truck to either pressurize the lighting assembly with 
overpressure or to have it go past it to create suction. You could also use a separate pump to build 
up pressure. 

4.2.1.2.3 Positioning of ventilation  
There are several aspects to consider when designing the ventilation canals on a lamp assembly. One 
is the number of inlets and outlets to use. If the goal is to get as much airflow as possible, to be able 
to ventilate out humid air, the benefits of having at least two vents, one in and one out, are 
tremendous. According to tests in SAE report 1999-01-0696, the half time for humidity clearing in a 
lighting assembly in windy condition (53,8kph) is dramatically shortened, actually by a factor of 185 
in the tests, if two vents are used instead of one. The wind speed does not have to be that high for 
the ventilation design to have great effect. The greatest changes occur between no wind and an air 
velocity of 6kph. The tests show that if the vents are optimized in position, length and size in regard 
to the lighting assembly’s surrounding, the clearing time can be shortened even more.  

It is important to take into consideration how the airflow travels around the lighting assembly. The 
interactions between geometric parameters can have strong effect on the turbulent back flow and 
decides whether it produces cooperative effects or reduces the performance of the vents. The 
internal crosswind that is produced through these two vents in the test is dependent on the vehicle 
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moving (or being in a very windy environment). Another benefit from having two vents, one upper 
and one lower, is that the heat generated by the light source will generate a cross flow through 
thermal convection. This convection flow will be accelerated by cold air being introduced through the 
lower vent, the inlet, and warmer air be expelled through the upper vent, the outlet. If the lighting 
assembly is designed so that the effects of thermal convection flow and the wind flow cooperate, the 
benefits should be even greater, but more importantly one should be careful designing the 
ventilation so that these two effects does not impose each other. (Hoines et al, 1999) It can be 
difficult to make accurate simulations covering all these aspects, so it is recommended that the 
design is confirmed by testing. 

4.2.1.3 Joining and sealing techniques 
Not infrequently, the problems with water ingress can be connected with cracks in welds or leaks in 
joints of the lighting components. To get to know how the different lighting components are, or can 
be, manufactured, and where the weaknesses in the construction are, a brief study and summary of 
the non-clamping joining techniques and sealing types was made. The techniques are presented in 
alphabetical order. 

4.2.1.3.1 Friction weld 
When friction welding, the parts to be assembled are welded together, much like ultrasonic welding, 
using the heat from mechanical friction. With friction welding, the parts are moving relative to each 
other while at the same time pressed together. The motion is at a lower frequency and the 
amplitude is at much higher amplitude than with ultrasonic welding. Typically a frequency of 100 to 
300Hz and amplitude between 1.0 and 4.0 mm is used. A lower frequency needs higher amplitude. 

4.2.1.3.2 Glue 
Glue, also called adhesive, is a material that bonds items of the same or different materials together. 
There are many different types of glue but they can be divided into categories based on their way to 
bond. There is chemically hardening glue, physically hardening glue and cooling glue. Chemically 
hardening glue is, as it implies, activated by a chemical reaction and has generally got high heat 
resistance, good water resistance and good chemical resistance. A common type of chemically 
hardening glue is epoxy glue. The physically hardening glue is hardening by drying and requires a 
solvent that vaporizes. This means that the glue can be weakened or dissolved if it comes in contact 
with its solution again. Physically hardening glues are typically elastic but have a relatively low 
strength. Common types of physically hardening glue are contact glue or wood glue. Cooling glues 
bonds when they are cooling. A typical example is the hot melt which is applied at 150 to 200°C. The 
hot melt consist of a thermoplastic and can therefore be reheated. This means that the bond will be 
weakened when reaching temperatures closer to its melting point.(Karlebo Handbok, 2000) On the 
FSLLs (Fog Spot Lower Lamps) on Scania the lens is glued and this technique have been used for a 
long time with good experiences. (Blomqvist, 2012) 

4.2.1.3.3 Laser weld 
Laser welding is done by clamping the parts to be joined together, so this, just like with the ultrasonic 
and friction weld, requires that the parts are overlapping. When laser welding a polymer it is 
required that the upper material is transparent so that the laser beam can pass through it and that 
the lower material is dark so it absorbs the beam. When the not so transparent lower material 
absorbs the beam converting it to heat the two parts are welded together. The transparent material 
does not need to be see-through to the human eye for the laser to be able to pass through it. So 
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even if the top layer is required to be transparent it might not look like it. Nearly all thermoplastics 
can be laser welded. (Dukane Corporation, web, 2012) 

4.2.1.3.4 Over mould 
This is the process of moulding one material onto a second material. This is mainly done with 
Thermoplastic elastomers onto a different material, typically a rigid plastic or metal. If done properly 
the seal will be completely water proof and very robust. (Blomqvist, 2012) 

4.2.1.3.5 Rubber seals 
The use of a rubber seal, for example O-rings, is a well proven way to seal a container. The use of a 
rubber seal requires some sort of clamping device to apply pressure on the seal. For a rubber seal to 
work correctly there must be a constant pressure over the whole sealing. This means that there can 
be no sharp bends or edges on the connecting surfaces. 

  

Figure 29: Scania H4 headlight showing the flat surface made for the rubber sealing. 

The best way to design a large surface that is to be sealed with a rubber sealing is therefore to make 
it completely flat. This may clash with the given design space or the exterior design of the 
component. One of the benefits with rubber seals is that they can be reused and if worn easily 
changed.  

4.2.1.3.6 Ultrasonic weld 
This is a fast and clean way to weld two materials together. No adhesive is needed and there are no 
exhausts. It is done by clamping overlapping parts and using the heat generated by the friction from 
vibrations to weld them together. The vibrations are generated by a piezoelectric transducer and are, 
as the techniques name implies, ultrasonic. That means that it is vibrating in a high frequency, above 
15 kHz (Johannesson et al, 2004). The parts need to be designed with a flange or similar construction 
to concentrate the clamping force and heat at the desired path of the weld (Blomqvist, 2012). 
Ultrasonic welding can be done with almost any thermoplastic. 

4.2.1.4 Water ingress protection techniques 
Here two distinctly different ways to hinder water from entering a ventilated component is 
presented. Firstly presented is membrane protection which acts like a barrier for the water and 
secondly is caps which act as a splash guards or labyrinths making it harder for water to enter the 
component.  

4.2.1.4.1 Membranes 
Nitto Denko offers a product, TEMISH®, that utilize the benefits of a membrane made out of PTFE, 
polytetrafluorethylene, a thermoplastic polymer, most commonly known as Teflon® (product of 
DuPont Co). PTFE is a hydrophobic material and when used as a filter has micro pores so small that 
water drops cannot pass through. However they are large enough that water vapour can pass 
through.  
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Figure 30: The functions of TEMISH®.   
(Source: Nitto Denko official website) 

From Nitto Denko official website: 

 Its high air permeability enables the adjustment of internal pressure of automotive parts, 
cellular phones, home electric appliances, OA parts and exterior equipment’s thus preventing 
damages of cases due to internal pressure change.  

 It exhibits waterproof/dustproof functions while maintaining high air permeability, 
preventing water intrusion and/or contamination.  

 Various pore sizes and products laminated with various backing materials are available. 
Various needs are met by our line-up of variations. 

 
Figure 31: PTFE membrane functional description. 
(Source: Nitto Denko official website) 

There are also other makers of membranes on the market, like the well-known company Gore, maker 
of Gore Tex, and several different designs of the membrane and cap. Since the membranes are 
sensitive and easily torn, they have to be protected by a cap and there are a few different thoughts 
on how this should be done. A discrepancy to the design with protection caps is found on the 
Mercedes DRL lamp (Daytime Running Lamp). It has a small unprotected red rubber grommet with a 
membrane attached to it. This is the only example of an unprotected membrane found. 
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Figure 34: A cap turned inwards to protect it from spray. 

 

Figure 32: A selection of membranes found on lighting assemblies. 

4.2.1.4.2 Rubber caps and grommets 
Rubber caps are used to deflect and cover inlet and outlet from direct water intrusion. There is an 
abundance of models for this application. Some of them come with a rough filter to stop large 
objects like insects and stones to enter. The caps openings should be designed to be turned inwards 
and away from direct water spray and airflow, so that they do not get filled up when the assembly is 
being washed or when driving in heavy rain.   

 

 

 

 

 

 

4.2.1.5 Water ingress effect minimizing techniques 
If water has entered the component, it is inevitable that there will be fogging. If there is no way of 
avoiding water ingress, there are several techniques to cope with this situation. Here a good part of 
these techniques are presented in alphabetical order.   

4.2.1.5.1 Anti-fog coating 
One way to get rid of the fogging problem would be to use an anti-fog treatment. There are several 
products on the market for treatment of glasses, dive masks and windscreens. The main problem 
with most products is that they will wear off and therefore have to be applied with a time interval 
too short, making it unacceptable for application on lighting equipment on vehicles. There are, 
however, a few breakthroughs in the field. The concept of an anti-fog coating is that it minimizes the 
surface tension making it impossible for water droplets to form. This can be done by making the 
surface hydrophilic, which means that the surface actually attracts and interacts with water rather 
than repelling it which might be the first idea that comes to mind.   

In the SAE report 2009-01-0340, the authors promotes an anti-fog coating containing nano scaled 
PMMA particles making it suitable for application on plastic lenses. This coating is supposed to be 
only 4 µm thin with very good adhesion and long-term stability of the hydrophilic effect. They also 
claim that it has high UV-stability and high transparency, so that it does not affect the functionality of 
the lens. This coating is possible to apply on a mass production scale and the authors foresee an 
increase in demand on anti-fog coatings for application on lighting equipment linked to the 
increasing use of LED lights. Further on, in 2010, Ewa Drapala reported testing of anti-fog coatings in 

Figure 33: A variety of caps. 
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the SAE report 2010-01-1326. The result and conclusion was that the anti-fog coating could not 
entirely prohibit fog to build up and that the effect wore off after repeated cycles. Instead the best 
solution was modified ventilation. However a combination of the two might be the way to move 
forward. 

4.2.1.5.2 Desiccants 
A desiccant is made of a hygroscopic material and utilizes that effect to dry out a compartment. 
There are a few different models and makers of desiccants using different substances, but all will 
eventually need to be replaced. A way to handle the problem with unwanted moisture in a certain 
space is to use a desiccant and change it over time. One well known product is the silica gel, often 
found in packaging of new products. The silica gel is a granule made of silicon dioxide and when it is 
saturated with water it can be regenerated by heating it to 120°C for 2 hours.  

There are common materials, such as concrete, that have excellent absorbing abilities, reminiscent to 
those of silica gel that might be useable. Such products should be able to dry by convection when 
humidity is very low and might therefore work with an acceptable efficiency for a longer time than 
the silica gel before replacement is needed. The lifetime is expected to be long enough for car use 
but whether it is usable for trucks or not is unclear. If the lifetime is long enough, desiccants might be 
suitable as a relatively environmentally friendly reusable solution to the moisture problem.  

4.2.1.5.3 Heating 
A way to get rid of fog that has built up on the lens is to raise the temperature of either the air close 
to the lens or the lens itself. Both ways will lead to evaporation of the water droplets that is the fog, 
on the lens. These are well proven techniques that are the most effective when combined with 
ventilation of the lamp housing. This is so that the humid air is transported out of the assembly and 
no unnecessary overpressure is built up in the assembly.  

4.2.1.5.4 Heating of the air - Heating elements 
This can be done with loops or other elements that are put close to the lens. The heating elements 
will not only heat the air but also indirectly the lens. Hella, a lighting product developer and 
manufacturer, manufacture an auxiliary driving beam in which the cooling fins of the LED-lamps is 
used to heat the lens and the air around it. However, the effectiveness of this specific design is not 
confirmed by the authors. 

  

Figure 35: Hella LED-spotlight with cooling fins close to the lens. 
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4.2.1.5.5 Heating of the lens - Conductive polymer coating  
A conductive polymer is a material that can conduct electricity. A conductive polymer that can be 
used as a transparent coating is the relatively new material PEDOT:PSS. The anti-fog technique is 
basically to let a small current through the whole coated area warm up the lens. Reports of 
successful tests with this coating as an anti-fog coating on headlights, although without any long time 
testing, has been available to the authors. There are still questions regarding large scale production 
and the production costs but it is a material with interesting possibilities. Two manufacturers of 
conductive polymer coating solutions, AGFA-Gevaert group and Heraeus Holding, has PEDOT:PSS 
products, called Orgacon and Clevios respectively, available at market today. (AGFA web, 2012; 
Heraeus web, 2012) 

4.2.1.5.6 Heating of the lens – Heating elements  
Heating elements, or loops, in or on a glass is a classic solution for both de-icing and defogging. The 
most common example is the loops in the rear windshield of practically every car. This is also used to 
deice the windshield wipers and the front windshield on some cars. Heating loops in the headlights 
can be seen on the classic car Aston Martin V8 Vantage from the 90s. Ford have used heating loops in 
the windshield and the loops are almost invisible making it reasonable to think it would not affect the 
light pattern of a headlight too much.    

 

Figure 36: Aston martin headlight lens with heating loops. 

4.2.1.6 LED lighting and thermal design 
The introduction of LED in automotive lightning products has brought new challenges to the table. 
The LED light source emits less heat through radiation and convection than halogen and xenon light 
sources making the operating temperature of the reflector and lens cooler. But the LEDs emit much 
more heat through conduction on the LEDs backside and, since they are sensitive to heat, therefore 
needs cooling. This leads to changes in the airflow and that thermal design has to be rethought and 
redesigned. Common cooling solutions include heat sinks and fans. (Marovic et al, 2012) 

 

Figure 37: Example of LED light design with heat sink from a Mercedes Actros. 
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4.2.2 International standards 
Different international standard are used in order to guarantee the performance of the lighting 
components. 

4.2.2.1 IP standard 
IP stands for International Protection and the IP degrees of protection are determined by DIN 40050 
and IEC 60529. This standard specifies the protection of electrical equipment against penetration by 
solid foreign matter such as dust and water. The degree of protection is achieved through tests.  

E.g. in IP6K9K, the first numeral is the degree of protection against ingress of solid foreign objects 
and the second numeral the protection against the ingress of water. 

Further information about the different degrees of protection can be found in Appendix 1-1 IP 
protection. 

4.2.2.2 River driving and NATO classification 
The river driving water depth limiting factor of the truck is the height of the ventilation of the drive 
axles. Even though the headlights always are mounted higher than the drive axles on trucks made for 
these driving conditions there is a reason to consider the risk of getting water flushed over the 
headlights. This is because the wave that will form in front of the truck when driving through the 
water will be higher than the headlamps. 

 

Figure 38: River driving on Scania test track showing the wave that builds up in front of the truck. 

For river driving with special vehicles there are two NATO classes; 750mm and 1500mm water depth.  

 

Figure 39: Water depth and angle for descent into water of NATO test basin. 

4.2.3 Testing & Simulation methods 
Here test methods and summaries of SAE technical reports regarding CFD simulation are presented.  
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4.2.3.1 Ventilation, drainage and sealing test 
The lighting components are tested and verified to meet with Scania internal technical regulations 
called TB's. For exterior lighting on Scania chassis and cabs the requirement is IP6K9K which is the 
toughest requirements and quite hard to obtain. According to Niklas, it is in practice impossible to 
manufacture a lamp that withstands the heat differences and wear and still is hermetically sealed 
over time. 

4.2.3.2 CFD 
Computational Fluid Dynamics (CFD) is a method to virtually simulate fluid flows by using numerical 
methods and algorithms. In several SAE reports CFD have been tested and compared with 
experiments in order to investigate the possibility to predict the defogging of lighting equipment. As 
early as 2002, report 2002-01-0223 claims that it is possible to predict defogging by calculating 
changes in the water drop diameter over time by using temperature, airflow velocity and humidity 
distributions seen with CFD. Report 2003-010-1211 states that simulation tools help the analyst to 
predict and resolve problems with condensation. 2004-01-1504 investigates the defogging time on a 
windshield using CFD and finds that commercially available code well serves the purpose of analysing 
defogging.  
2005-01-1449 is more detailed in its description. It states that CFD enables simulation of heat 
radiation on a headlamp surface with only a few gigabytes in memory. The temperature of the 
surface has an accuracy of less than ±7°C. 
2007-01-2694 highly recommends the use of computer simulation while developing vehicular 
illumination systems. In this report the authors claim that it will both speed up the process and give a 
higher level of confidence for everyone involved in the project. 
In the report 2011-36-0167 the authors has used the CFD program Ansys 12 and developed a 
mathematical model to simulate the fogging and defogging process of an automotive headlight. The 
simulated situation is a standing still vehicle so that only the heat from the light source is creating the 
air flow within the headlight. This means that the external air flow is not taken into consideration. 
The correlation between temperature, relative humidity and condensation was used to predict 
where condensation should occur. With these simulations an optimal configuration of the vents for a 
more homogenous distribution of the airflow can be found. The hot spots on the lens, reflector and 
headlight body can be identified and verified so that the materials thermal limits is not breached. The 
result of the simulation is quite close to the test performed in reality and proves that it should be 
possible to roughly predict the performance of a headlight concept in an early stage of development 
thus reducing the number of prototypes and in turn the development costs. In the report the authors 
state that the problem with fogging is an “inevitable phenomena” due to common thermal effects 
and therefore the emphasis should be on designing a headlight with as good air circulation as 
possible to speed up the defogging process as much as possible. For this design process the CFD does 
not only speed up the process but the authors also say that “CFD numerical simulation is a 
fundamental tool to increase the thermal efficiency of this important automotive component”. 
(Menezes G. et al, 2011) 
 

 

 

 

Figure 40: Showing simulation and the correlation with tests, from SAE 2011-36-0167. 
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4.3 Customer analysis 
 

 

Here, information that is used in the customer analysis stage of the project is found. This concerns 
data from the warranty claims statistics, sales statistics, the Service manager survey, the Kano Survey 
as well as findings from interviews. The results and analysis of this information can be found under 
the Customer analysis Stage title in chapter 5 Results & analysis. The results and analysis of the 
Definition stage and the Customer analysis stage will also function as basis for the Concept 
Development stage. 

4.3.1 Warranty claims 
The warranty claims data were collected from lighting equipment that were manufactured from first 
of November 2009 to last of July 2012 and subject to warranty claims from December 2009 to ninth 
of October 2012. Noting the dates are important while looking at the timeline charts, since 
complaints early on in the charts are only made on parts that were manufactured one or a few 
months earlier, and complaints that are categorized as Q4 2012 were only able to be made in early 
October.  

While looking at warranty claims, three types of lamps are clearly overrepresented. These are 
headlights, EOMLs and the fog and spot lights (FSLL). For the FSLLs and headlights which are placed in 
the lower front of the truck a majority of the complaints were regarding dust. For the EOMLS which 
are found in the upper front of the truck, almost all of the complaints were regarding moisture. A 
majority of the warranty complaints for all the lighting components were made in Brazil. Combining 
the major issue for each component with the specific country unit where the majority of the 
complaints are made, one finds how great the major issue is in a specific environment. Sorting out 
just dust issues found in Brazil, they are still a majority of the total number of complaints. For pattern 
is the same for the FSLLs (Dust in Brazil) and the EOMLs (Moisture in Brazil). The specific part shows 
us that almost all of the headlight complaints were made on type H4 and while the FSLLs have a 
more even distribution. Below, charts with the distribution of the complaints are shown, as well as a 
timeline chart which shows when the complaints are made. Detailed statistics are shown in the 
compilation of statistics table below the charts. 

4.3.1.1 Charts: Complaint types, country units and timeline 
Here statistics regarding warranty complaints based on type of component, type of complaint and 
country unit is presented. 

4.3.1.1.1 Headlight 
Noticeable in the headlight charts are the majority of complaints regarding dust, and the amount of 
complaints found in Brazil.  
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Chart 2: Distribution of country units on headlights. 

In the timeline chart, the peak of moisture complaints in Q1-2011 and the dip of dust complaints in 
Q2-2011 can be noted. 

 

Chart 3: Timeline chart on headlights. 

4.3.1.1.2 FSLL, Front and spots lower lights 
Like the headlight charts, noticeable in the FSLL charts are the majority of complaints regarding dust, 
and the amount of complaints found in Brazil. One can also notice the considerable amount of 
complaints made in Russia.  

   

 

In the timeline chart, the peak of moisture complaints in Q3-2012 as well as the dip of dust 
complaints in Q1-2011 and Q2-2011 can be noted. 

Complaints

Moist
complaints
Dust
complaints
Unspecified
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Brazil

Republic of
Korea

Taiwan

Other
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Dust

Moist
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Moist
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Dust
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Unspecified

Country units

Brazil
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Other

Chart 4: Distribution of types of complaints on FSLLs. 

Chart 1: Distribution of types of complaints on headlights. 

Chart 5: Distribution of country units on FSLL. 
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Chart 6: Timeline chart on FSLL. 

4.3.1.1.3 EOML, End outline marker lamp 
In the EOML charts, one can notice that unlike the headlight and FSLL, moisture is the biggest 
concern. Brazil however, stands out as the country unit where most complaints are made.  

  

Chart 8: Distribution of types of complaints on EOML. 

In the timeline chart, noticeable is that the amount complaints that are done on the EOMLs, seems 
to decrease over time. 

 

Chart 9: Timeline chart on EOML. 

4.3.1.2 Compilation of statistics 
In Table 3 below, a detailed summary of the statistics presented in the charts above are presented 
for an easier comparison. 
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Moist
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Moist
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Dust
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Chart 7: Distribution of country units on EOML. 
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82%

18%

Total sales of trucks 
2012  (Q1-Q3)

Rest of the World Brazil

Total 
sales:
41 903

Table 3: Detailed warranty claims statistics.  

4.4 Sales Data 
Sales statistics are provided by Scania’s business statistics unit and the Scania sales unit in Latin 
America. 

 
 

  

 
As seen in the diagrams, the Brazilian country unit stands for a large part of the trucks sales with 
about 20% of the sales for the last couple of years. 

80%

20%

Total sales of trucks 
2011

Rest of the World Brazil

Total 
sales:
76 182

Component 
type 

No. Of 
complaints 

Moisture 
complaints 

Dust 
complaints 

Unspecified Major 
issue 

Specific 
country unit 
(SPU) 

Major 
issue at 
SPU - % 
of total 

Specific part 

Headlight xx xx(32%)  xx (68%) xx (1%) Dust Brazil (88%) 68% H4 (99%) 

FSLL xx xx(18%)  xx (85%) xx (1%) Dust Brazil (76%) 71% Spots (54%) 

EOML xx xx (98%) xx (1%) xx (2%) Moistu
re 

Brazil (90%) 88% - 

Total xx xx xx xx - Brazil (82%) - - 

Chart 10: Total truck sales 2011, Brazil vs. the world. Chart 11: Total truck sales 2012, Brazil vs. the world. 
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 Chart 13: Shows sales distribution in rest of the world. 

The distribution regarding what types of headlights that is purchased is similar in Brazil as in the rest 
of the world. 

4.4.1 Service managers survey 
The questions asked in the Survey for service manager was: 

1. If moisture gets into to the lamp while the truck is not running, but disappears after a certain 
amount of time after the truck starts running. What is the acceptable limit for that time? 

a. No moisture is allowed. 
b. 5 minutes 
c. 15 minutes 
d. 1 hour. 

 
2. -   8.  Question 2-8 was filled in with the help from an attached PowerPoint, where customers 

graded at which level (1-4) of ingress it was likely that the customers would make a 
complaint. The questions concerned moisture ingress in the different headlights and the 
EOML and dust ingress about the headlights. Dust ingress was divided into two parts, one 
with white dust and one with brown, in order to evaluate if the acceptance for brown dust 
differed from the acceptance for white dust. Respondents who answered “No moisture is 
allowed” in question one, was allowed to skip question 2-4 and assumed to have to have the 
lowest possible acceptance for moisture. 
 

9. If part of the solution of the dust problem would be to design the lamp in such a way that the 
driver easily could clean it. Would that be acceptable? 

a. Yes 
b. No 

 
10. If moisture and dust can be prevented by a service point in the regular service, is that 

acceptable? 
a. Yes 
b. No 

Chart 12: Shows sales distribution in Brazil. 
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The collected data 2shows that according to service managers for each country unit, UK is the country 
with lowest acceptance towards moisture and dust. UK filled in the lowest possible score in every 
question of the survey. Quoted from the comments 3made by the UK service manager “Customers 
particularly in the UK are quite discerning in so much as they would not expect to see any moisture or 
dust inside the lamp behind the glass”. UK did not either allow solution where moisture & dust were 
prevented by a service point or driver cleaning. In general 8 out of 13 answering service managers 
allowed the service point solution and 7 out of 13 allowed the driver cleaning. Italy was not part of 
these statistics since they did not fill in any values in the survey. The reason for that was, quoted 
from the Italian service manager “we have no complaints about this issue in Italy so we are not able 
to give you any opinion about”. Apart from the UK, the service managers that pointed out lowest 
acceptance among their customers were New Zeeland, Iran and Sweden. The acceptance towards 
moisture among these three was that no moisture was allowed what so ever. The acceptance for 
dust was close to minimum as well, scoring only level 2 acceptance to white dust in H4 and minimum 
score to the others. The acceptance for brown dust was in average lower than the acceptance for 
white dust, but one has to be aware of that the number of data points are low and that the way that 
the dust sticks to the lens is hard to control. 

4.4.2 Kano Survey 
The response rate of the Kano survey was very low, with a total of 9 out of about 70 from Swedish 
drivers. Interviews with respondents that did not answer the survey say that they do never see the 
problem occur or that they are currently too busy. For Brazilian customers 5 out of 15 contacted 
customers answered. Unfortunately, interviews with Brazilian customers were impossible due to 
language barriers. Contact with the Brazilian customers was done by the general agency who pointed 
out, that customers expressed most concern over the dust issue. Precautions have to be taken in 
order not to draw too definitive conclusions from this survey due to the low number answered 
survey.  

The questions in the Kano survey were: 

1. Regular Kano question - Assuming that a filter is required to reduce the amount of moisture 
and dust in the lamp and this filter would require regular change. If the lamp was/wasn’t 
designed with a filter, how would you feel? 

2. Regular Kano question - Assuming that a filter is required to reduce the amount of moisture 
and dust in the lamp and this filter would require regular change. If the filter change was/was 
not done as a part of the regular service, how would you feel? 

3. Regular Kano question - If you could/couldn’t heat the glass on the lamp with a separate 
heating device in order to get rid of moisture, how would you feel? 

4. Regular Kano question - If you were/weren’t able to remove the lamp glass without removing 
the whole lamp from the truck, in order to be able to clean the lamp yourself, how would 
you feel? 

5. Modified Gregorio question - Some possible solutions for the moisture and dust problem 
consumes electric power. Since the battery in the truck is charged by the trucks motor, these 

                                                             
2 Survey data is found in attachment 3-2: Survey results 

3 Survey comments are found in attachment 3-3: Survey Comments 
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solutions will slightly affect the trucks fuel consumption. How much diesel per 8 hour day are 
you willing to give up for an enhanced protection against moisture & dust? 

a. None 
b. <0.1 litre/day 
c. 0.1-0.25 litre/day 
d. >0.25 litre/day 

6. Regular Gregorio question - Some possible solutions that might give the lamp a better 
protection against dust, will give the lamp a worse protection against moisture and vice 
versa. How much of the protection against one of these are you willing to give up, in order to 
enhance the protection from the other? 

7. Yes/No question - Some solutions for the moisture and dust problem may cause the price of 
the lamp to increase. Are you willing to pay more for a lamp with better protection from 
moisture and dust? 

4.4.2.1 Question 1-4, regular Kano questions 
Classifying the attributes from the responses is done using both the evaluation rule and the 
calculating the evaluation rule and the calculated average to set up a better worse diagram. 

Question  
number 

Most 
common 
answer 

2nd most common 
answer 

3rd most 
common 
answer 

Better Worse   

1 Indifferent(4) Must-be/One-
dimensional/Questionable 
(3 of each) 

- 0.36 -0.55   

2 
 

Must-be(7) One-dimensional (3) Indifferent(2) 0.32 -0.77   

3 One-
dimensional(4) 

Questionable (3 ) Attractive/Must-
be/Indifferent (2 
of each) 

0.60 -0.60   

4 One-
dimensional/ 
(5) 

Must-be(4) Questionable (2) 0.5 -1   

Table 4: Kano answers. 

Using the evaluation rule, the most uniform answer among the Regular Kano questions are for 
attribute 2, where 7 out of 14 classified the “filter change as a part of the regular service” as a Must-
be attribute. Next to that, its attribute 3 regarding “separate heating device” that is the most uniform 
as one-dimensional, if one reduces the questionable results. Attribute 1 about “replaceable filters” is 
clearly mixed and attribute 4, regarding the possibility to “open the lamp” the customers have a 
slight tendency of ranking it as One-dimensional. 
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Table 5: Better/ Worse-diagram. 

The Better/worse-diagram shows, likewise evaluation rule that attribute 2 is most clearly a must-be 
and that the attribute one is mixed. Attribute 3 is pretty centred but leans toward being one 
dimensional while attribute 4 is dead even between being one-dimensional and must-be.  

Combining the two rules, the attributes are classified as following. For attribute 1 and 2, the 
Better/worse diagram and evaluation rule are clear and coherent, which makes the classification 
easy. For attribute 3 the two different classifications are still coherent but not as clear as for attribute 
1 and 2. Still, both rules point out that the attribute as one-dimensional and therefore, it is classified 
as that. Attribute 4 are classified as mixed must-be/one-dimensional in the Better/worse diagram 
while the evaluation rule classifies it as one-dimensional. Although is it not by much, the tendency is 
still that the attribute is one-dimensional so that is how it is classified. 

Summarized the classifications are: 

 Attribute 1 → Mix Indifferent/Must-be/One-dimensional 
 Attribute 2 → Must-be 
 Attribute 3 → One-dimensional 
 Attribute 4 → One-dimensional 

4.4.2.2 Question 5 & 7, fuel Consumption & Purchase price 
A majority of the customers are not ready to sacrifice fuel consumption for enhanced performance 
regarding protection from moisture and dust. 

Attribute 1 Attribute 2

Attribute 3
Attribute 4

0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9

1

0 0,2 0,4 0,6 0,8 1

Be
tt

er

Worse

Better/Worse-diagram
Attractive One-

dimensional

Indifferent Must-Be
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Table 6: Customers view on higher fuel consumption. 

Regarding the price of the lamp, there is a slight majority of customers that are negative toward a 
higher price. 

 

Table 7: Customers view on a higher price. 

4.4.2.3 Question 6, moisture versus dust trade-off 
Only one of the respondents preferred a higher protection against dust ingress as a trade-off for 
lower moisture ingress protection while 5 of the respondents preferred the opposite scenario. The 
total score shows that a higher protection against moisture ingress is what the customer prefers.  

 Prefers moisture 
protection 

Equal importance Prefers dust 
protection 

Numbers of 
responses 5 7 1 

Total Score 4 - -4 

Table 8: Table showing the customers preference regarding trade-off between moisture and dust protection. 
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5 Results & analysis  
In this chapter summarizes and interpretations of the information gathered in the empirical findings 
are presented. First the two separate steps definition stage and customer analysis of the DFSS 
method DCCDI are presented in chronological order ending with the QFD, the last tool in the 
customer analysis, in which the information gathered in the two steps are utilized. Then the result is 
used as the base for the concept development. This chapter ends with the creative concepts 
compared in the same QFD as presented in the customer analysis, leading to the discussions and 
conclusions. 

5.1 Definition stage  
 

Here, the information gathered in definition stage in the empirical findings is summarized and 
analysed. Also the results of various product development tools are presented. Descriptions of the 
different tools are found in the theoretical framework. These results and analysis serve two 
purposes. First they will together will the results and analysis of the customer analysis be used as 
basis for the Concept development stage in this chapter. Secondly, they as a part of this whole 
chapter will be used as foundation for the conclusions of this thesis. 

5.1.1 PDS  
Firstly the different problem areas of the truck were identified. The differences between the 
environmental effects on the EOMLs and the taillights are significant. The lower front of the truck is 
subject to water splash, dust stir up and dirt in a higher degree than the higher front, like the roof 
mounted illumination. The whole front is subject to draft in a higher degree than the taillights. But 
then vortices created at the back of the truck stir up dirt and this clog the taillights. Because of these 
differences, a sectioning of the truck into four zones was made looking like this: 

  
Figure 41: Product specification sectioning. 
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 Zone A: Front headlights, front fog lamps, spot lamps, daytime running lamps, front and side 
direction indicators 

 Zone B: End outline marker lamp, sun visor spot lamp, identification lamp, roof sign 
illumination lamp and cab roof lamp. 

 Zone C: Tail lamp 
 Zone D: Side marker lamp and fifth wheel working lamp 

Zone A was chosen to be represented in the PDS, as the components in this area were the most 
frequent in the customer complaints. The EOMLs, which are components in zone B, were also often 
subjects of complaints but since there were already on-going projects on those, the headlights was 
chosen as the component to mainly focus on. After the sectioning, the Olsson criteria matrix was 
used to bring light on the different design criteria needed to create the PDS. 

Aspect 1. Process 2. Environment 3. Human 4. Economy 
Lifecycle phase 
1. Design 1.1 1.2 1.3 1.4 
2. Manufacturing 2.1 2.2 2.3 2.4 
3. Sale / Transport 3.1 3.2 3.3 3.4 
4. Consumption / Use 4.1 4.2 4.3 4.4 
5. Elimination 5.1 5.2 5.3 5.4 

main function New headlight concept with moisture and dust ingress problem solution 

Cell no Criteria 

1.1 Designed with criteria according to both Scania’s and governments rules and regulations. No impact on set 
headlight assembly outer dimensions. 

1.2 Environmentally friendly materials should as far as possible be chosen. Recyclable as far as possible. 
1.3 Easy installation and maintenance (bulb replacement or other service points). 
1.4 - 
2.1 Lightweight assembly lens or cover (H4/H7/LED). Moulded plastic casing. As few moulding tools as possible.  

2.2 Environmentally friendly processes should as far as possible be chosen. Must not have negative health effects on 
workers. 

2.3 Lightweight and relatively small components are preferable for easy and ergonomic installation. 

2.4 May not surpass the original purchase price with more than xx per cent. Might be a question for performance 
steps. 

3.1 Delivered as fully assembled as possible. "Bolt on". The ingress protection should be incorporated in the 
assembled design. 

3.2 Lightweight, space efficient packaging to reduce fuel consumption. The ingress protection should have little or no 
impact on headlight outer dimensions. 

3.3 Package easy to load and unload. Easy and intuitive package to open and close. 

3.4 Lightweight, space efficient packaging to reduce fuel costs. The ingress protection should have little or no impact 
on headlight outer dimensions. 

4.1 Meet government regulations. Provide an excellent light pattern. Ingress protection may have no impact on 
headlight performance. 

4.2 High moisture and dust ingress protection. High wear resistance and durability. 
4.3 High crashworthiness. No sharp objects when broken. Visually appealing. 
4.4 Low maintenance cost. Long durability. Low running cost 
5.1 Easy removal. No special tools needed.  
5.2 No toxins needed to remove or demolish the headlight. Recyclable as far as possible. 
5.3 No toxins needed to remove or demolish the headlight and its components. 
5.4 Winnings from recycling should cover the costs for elimination. 

Table 9: The Olsson criteria matrix used to create design criteria. 
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The contents of the criteria matrix were modified to suit the design of a lighting component and 
especially focused on a solution to the moisture and ingress problem. Some of the content in the 
cells might seem unnecessary for such a solution, but since that solution is not supposed to be a 
product itself but instead a part of a component, like a headlight unit, and to ensure that a solution 
isn´t missed because of a too narrow search and to be able to get a larger picture of how a solution 
affect the whole design, as many aspects as possible were included.  

From the criteria that were identified in the Olsson matrix and the sectioning of the truck, a customer 
need list was made. The list was updated and customized during the whole process and the customer 
analysis led to the identification of the final needs. The needs in the list were defined as requirement 
or desirable. Usually a ranking of the desirability of a need is done during this stage, but since a 
ranking of these customer needs will be done in the pairwise comparison matrix, the needs were left 
without ranking at this stage. Lastly the needs were listed as functions or restrictions based on 
whether they add functionality to the product or restrict the design. These customer needs are the 
basis for the CAs entered in the QFD and are also what the future concepts firstly will be measured 
against when it comes to concept selection. 

 

 

 

 

 

 

 

No. Cell nos. Component Part 
Component Need Requirement

/ Desirable  

Function/ 
Restrictio

n 
1 1.1, 4.2 All i has high water ingress protection R F 
2 1.1, 4.2 All i has high dust ingress protection R F 
3 2.4, 3.2, 3.3 All i has a reasonable purchase price D R 
4 1.3, 2.3, 4.4, 5.1 All e,f,g,h is easy to maintenance (e.g. bulb change etc.) D F 
5 4.2, 4.3, 4.4 All i has long lifetime D R 
6 4.3 All a,c,d,h is visually appealing D R 
7 4.2 All a,c does not fog up or has got fast defogging D R 
8 1.3, 2.3, 3.1, 5.1 All a,f,e,g,h is easy to replace if worn (whole unit) D F 
9 1.3, 2.3, 3.1, 5.1 All i is easy to install (production) D F 
10 2.1, 2.3 All i is of low weight D R 
11 1.2, 2.2, 5.2, 5.3 All i is environmentally friendly D R 
12 1.1, 3.1, 3.2, 3.4 All i is possible to incorporate in Scania modular system D F 
13 1.1, 3.1, 3.2, 3.4 All i does not have negative effect on other truck components D R 
14 4.4 All e,f,g,h has got low energy consumption D R 
15 4.2, 4.3, 4.4 All i is reliable D R 
16 1.1, 4.1 All i fulfils law requirements R R 
17 1.1, 4.1 All i fulfils Scania standards regarding quality and safety R R 
18 4.1 A1, A3, A5, B3 e,f,g does not have negative effect on the light pattern D R 

Table 10: Customer need list.  

Position Component   Part component list 
A: Front lower  A1: Headlamp a: Lens 

B: Front upper  A2: Turn signal b: Housing 

C: Tail A3: Spot lamp c: Reflector  

D: Side A4: DRL   d: Bezel 

A5: Fog lamp e: Ventilation 

B1: EOML   f: Moisture reduction device 

B2: Cab roof lamp g: Dust reduction device 

B3: Sun visor spot h: Light source 

C1: Taillight   i: Complete Assembled part 
D1: SML(Side 
Marker Lamp)   
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5.1.2 List of metrics 
The list of metrics was created with base in the customer need list. Only metrics that were 
considered relevant for the problem were included. Since most of the metrics have different target 
values depending on which application they are intended for, those metrics were left without 
marginal and ideal values. This does not affect the result because the purpose of the thesis is not to 
present a ready product but merely suggestions for and ways to achieve a solution in general.  

No. Need nos. Metric Description Imp Unit Marginal Ideal 

1 1, 2 Size on pores or holes 
In order to keep particles (water or dust) out of the lamp any 
hole/pores cannot be larger than the particle you want to keep out.  

m^2 - - 

2 1, 2 Temperature on lens 
As long as the lens is hotter than its surround air, fogging cannot 
appear on the lens.  

°K - - 

3 7, 11, 14, Internal air temperature The hotter the air, the more water it can contain and transport. 
 

°K - - 

4 7, 11, 14 Intake air temperature The cooler the air, the less water it can contain and transport. 
 

°K - - 

5 7 Air flow Good ventilation prevents the moisture in the air to fog the lens 
 

m^3/s - - 

6 7 Drainage hole size Large drainage holes enhance drainage performance. 
 

m^2 - - 

7 7 Absorption, amount Possibility to trap water using absorption, measured on amount. 
 

kg - - 

8 7 Absorption, temperature 
Possibility to trap water using absorption, measured on the 
temperature at which the material can hold the water.  

°K - - 

9 7 Lens coating, efficiency 
Possibility for the inner surface of the lens to prevent water droplets 
to form so fog cannot build up. Efficiency.  

% - - 

10 2 Inner pressure 
Higher pressure in the lamp compared to the outside prevents dust 
ingress. Same pressure prevents cracks and leakage.  

Pa - - 

11 18 Trap dust, amount The amount of dust that is possible to trap. 
 

m^3 - - 

12 3 Purchase price (unit) Purchase price from supplier 
 

SEK - - 

13 11, 14 Energy consumption Lamp unit energy consumption 
 

Watt - - 

14 3, 4, 8, 9 Maintenance cost Total maintenance/ service cost 
 

SEK - - 

15 5, 15 Service interval Time between inspection of service points or change needed. 
 

h - - 

16 5, 15 Life length Required theoretical life length (a truck runs 3000h/year) 
 

h >45000 - 

17 9, 10 Mounting cost Mainly production time cost 
 

SEK - - 

18 16, 17 Flammability Must self-extinguish, must not create toxic gas. 
 

- - - 

19 16, 17 Flammability Ignition temperature 
 

°C - - 

20 12, 13, 17 Operating voltage The voltage which is delivered to the component 
 

V 22-30 28 

21 4, 18 Inner Measurements Inner volume, varies between components 
 

m^3 - - 

22 12, 13 Outer Measurements Outer measurements, varies between components 
 

m*m*m - - 

Table 11: List of metrics. 

These metrics are then used in the QFD house where they are representing the technical attributes 
to be compared to the customer attributes. 

5.1.3 Pairwise comparison  
The ranking in the pairwise comparison matrix, which is useful when identifying and choosing the 
best available concepts and also when considering aspects for the QFD, was done by combining the 
information from the customer surveys and then together with the supervisors at Scania weighting 
the importance of each need against each other. 
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Question:                                                                 
What is more important?                                          

That the suggested solution…                                            
or..                                                                               

2=higher, 1=equal, 0=lower                                                                                                   
(points indicate row compared to column) 
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Sum 
Norm 
sum Rank 

has high water ingress protection   2 1 1 0 2 1 2 1 2 1 1 1 2 0 0 0 1 18 0,06 8 
has high dust ingress protection 0   1 1 0 1 0 2 1 2 1 1 1 2 0 0 0 0 13 0,04 11 
has a reasonable purchase price 1 1   0 0 0 0 0 0 1 1 0 0 1 0 0 0 1 6 0,02 16 
is easy to maintain (e.g. bulb change etc.) 1 1 2   0 2 1 2 2 2 1 2 2 2 0 0 0 0 20 0,07 6 
has long lifetime 2 2 2 2   2 2 2 2 2 2 2 2 2 0 0 0 1 27 0,09 4 
is visually appealing 0 1 2 0 0   0 1 1 2 1 0 1 2 0 0 0 0 11 0,04 13 
does not fog up or has got fast defogging 1 2 2 1 0 2   2 2 2 1 1 2 2 0 0 0 0 20 0,07 6 
is easy to replace if worn (whole unit) 0 0 2 0 0 1 0   0 2 1 1 1 2 0 0 0 0 10 0,03 15 
is easy to install (production) 1 1 2 0 0 1 0 2   2 1 1 2 2 0 0 0 1 16 0,05 10 
is of low weight 0 0 1 0 0 0 0 0 0   1 0 0 1 0 0 0 0 3 0,01 17 
is environmentally friendly 1 1 1 1 0 1 1 1 1 1   0 1 1 0 0 0 0 11 0,04 13 
is possible to incorporate in Scania modular 
system 1 1 2 0 0 2 1 1 1 2 2   1 2 0 0 0 1 17 0,06 9 
does not have negative effect on other truck 
components 1 1 2 0 0 1 0 1 0 2 1 1   2 0 0 0 1 13 0,04 11 
has got low energy consumption 0 0 1 0 0 0 0 0 0 1 1 0 0   0 0 0 0 3 0,01 17 
is reliable 2 2 2 2 2 2 2 2 2 2 2 2 2 2   0 0 2 30 0,10 3 
fulfils law requirements 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2   2 2 34 0,11 1 
fulfils Scania standards regarding quality and 
safety 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0   2 32 0,10 2 
does not have negative effect on the light 
pattern 1 2 1 2 1 2 2 2 1 2 2 1 1 2 0 0 0   22 0,07 5 

Sum 306 1 
Table 12: Pairwise comparison matrix. 

When doing the pairwise comparison the focus mainly was on a headlight concept and therefore 
some of the rankings might be slightly different when designing an EOML or SML (Side Marker Lamp). 
One has to be aware that this weighting of the customer needs does not represent the VOC, voice of 
the customer, but the voice of the engineer. This is what the engineers consider important and in 
that way it represents the company’s focus. To represent the customers voice, the CAs, customer 
attributes, are formulated from the results of the customer analysis, presented in 5.2 Customer 
analysis, and these are then used setting up the QFD.  

After discussions with the supervisors at Scania the ranking of the customer needs ended up with 
some obvious and some more interesting positions in the ranking. To get a better view of which of 
the customer needs that are more important a new list, sorted on ranking from first to last was done. 
This list is shown in Table 13.  
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Table 13: Ranking of the customer needs after pairwise comparison. 

Of course the first two and most important customer needs to fulfil are law requirements and Scania 
standards. These are also requirements, so a concept has to fulfil those and therefore automatically 
fails to go further in any development process if these requirements are not met. 

Besides rules and regulations, the most important customer needs are that the product is reliable 
and has a long lifetime. This is not surprising, but it is still important to know how much weight that is 
to be put on those aspects when generating concepts.  

After these more obvious customer needs, a concepts effect on the light pattern is to be considered. 
This is a customer need that is probably more important when designing a headlight or fog light than 
an EOML or SML.  

Easy maintenance and no fogging or fast defogging comes on a combined sixth place with equal 
importance. This is a bit surprising, since this means that it is more important than incorporating the 
product in the Scania modular system. 

Water and dust ingress comes in eighth and eleventh place respectively, but as these are the 
requirements and actually the objectives of the new concepts, they will automatically be more 
important than all the other needs. 

It might also be surprising that the need “environmentally friendly” and “has got low energy 
consumption” comes in such low positions, but since the rules and regulations and Scania standards 
regulate production processes and lightning equipment aren’t any large energy consumers in relation 
to other truck parts this has no major effect on the design.  

fulfils law requirements 1 R 
fulfils Scania standards regarding quality and safety 2 R 
is reliable 3 D 
has long lifetime 4 D 
does not have negative effect on the light pattern 5 D 
is easy to maintain (e.g. bulb change etc.) 6 D 
does not fog up or has got fast defogging 6 D 
has high water ingress protection 8 R 
is possible to incorporate in Scania modular system 9 D 
is easy to install (production) 10 D 
has high dust ingress protection 11 R 
does not have negative effect on other truck components 11 D 
is visually appealing 13 D 
is environmentally friendly 13 D 
is easy to replace if worn (whole unit) 15 D 
has a reasonable purchase price 16 D 
is of low weight 17 D 
has got low energy consumption 17 D 



 

57 
 

Initiate project

• Planning tools

Definition stage

• PDS
• Pairwise comparison

Customer analysis

• Warranty claims
• Service manager survey
• Kano survey
• QFD

Concept development

• Function-Means-tree
• Morphological matrix
• Brainstorming
• Relative decision matrix

5.2 Customer analysis  
 

 

Here, the information gathered in customer analysis step in the empirical findings is summarized and 
analysed. These results and analysis serve two purposes. Firstly, they will be used together with the 
results and analysis of the Definition stage as basis for the Concept development step. Secondly they, 
together with all parts of this whole chapter, will be used as a foundation for the conclusions of this 
thesis. 

5.2.1 Warranty Claims and Sales statistics 
Looking at the warranty claims, there is a clear majority of claims coming from Brazil with between 
76-90% depending of which type of lamp. Although Brazil also is a big market in terms of sold units, 
with about 18-20% of the total number of sold trucks, they are clearly overrepresented. The sales 
statistics also shows that the spread between the different types of headlights is almost identical 
when comparing Brazilian customers to customers found in the rest of the world. The lamps that are 
found in the warranty claims statistics are found in zone A and zone B. The ones found in zone A, 
headlights and FSLLs, has a clear majority of complaints regarding dust while the ones found in Zone 
B (EOMLs) has almost only complaints about moisture. The red, very fine, dust found in Brazil might 
be a reason for their large number of complaints. However, since they are also overrepresented 
when it comes to complaints about the EOMLs, this cannot be the only reason.  
A clear result is that Brazil is the country where the problem is most severe, and from a warranty 
claims point of view, there might be reasons to prioritize solutions that enhance the protection 
against the dust problem for the Headlights and FSLLs, and protection against the moisture problem 
for the EOMLs. 

5.2.2 Service Manager Survey 
The Service Manager Survey states that UK is the country unit with lowest acceptance for the 
problem. The reason for that is likely the control system that is described in the interviews. If trucks 
can be stopped and forbidden to continue their journey for minor failures, it is likely that the 
tolerance for these kinds of failures is lower. Although the UK respondent was not, a majority of all 
the service managers responding was positive to the service point and driver cleaning. In line with 
taken suspicions, the acceptance for the brown dust was lower than the white dust, even though a 
larger investigation should be done in order to get this proven statistically. 

5.2.3 Kano 
The Kano Survey shows that customers prefer protection from moisture over protection from dust. 
One should note though, that this may be depending on which customer you ask. As one of the 
Brazilian customers states in the comments, he prefers protection from moisture since his trucks 
operate on the highway. It also shows that customers in general are not willing to accept solutions 
that increase the fuel consumption but are more divided when it comes to the price. As for the 
attributes, customers find the possibility to clean as a must-be attribute, which is something that 
should be noted. For the filter solutions, the customers are very divided and the high number of 
questionable answers makes data very low in numbers and hard to base conclusions on. However, 
customers don’t seem to mind that type of solutions. If these kinds of solutions are effective, there is 
no need to be afraid to use them. What is clearer though is that if a solution such as a filter is used, it 
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should be designed so that the filter changes are done by the regular service. The heating device is 
classified as one-dimensional which states that Scania should try to stay even or a-head of their 
competitors with this attribute. 

5.2.4 QFD 
The QFD is conducted by using the criteria in Figure 42, where they are broken down from primary to 
secondary characteristics in order to get a specific enough definition. The rank of relative importance 
is based by the compiled results and analysis of the earlier steps in the customer analysis.  

 

Figure 42: Primary and secondary customer attributes. 

The ranking of the different CAs is affected in this way: 

1. The Warranty claims statistics, as well as question 6 in the Kano Survey affects, on primary 
level the trade-off between the characteristics “Protected from moisture” and “Protection 
from dust”. 

2. Question 3 in the Kano Survey affects “Hinders fogging”. 
3. Question 1 in the Kano Survey affects “Traps moisture”. 
4. Question 1 in the Kano Survey affects “Traps dust”. 
5. “Keeps dust out” and “Keeps moisture out” characteristics are automatically preferred over 

“Traps dust”, “Traps moisture” and “Hinders fogging” as long as they do not have too large 
negative effects on other characteristics of the lamp, truck or this specific problem. 

6. Question 7 in the Kano Survey affects “Low purchase price”. 
7. Question 5 in the Kano Survey affects “Low cost to run”. 
8. Question 1 in the Kano Survey affects “Maintenance” on a primary level. 
9. Question 9 in the Service Manager Survey and Question 4 in the Kano Survey affects 

“Maintainable by driver”. 
10. Question 10 in the Service Manager Survey and Question 2 in the Kano Survey affects 

“Regular maintenance is done by service”. 

Protected 
from 
moisture

Hinders 
Fogging

Traps 
moisture

Protected 
from dust

Keeps dust 
out

Traps dust

Low Cost Low purchase 
price

Low cost to 
run

Maintenance Maintainable 
by driver

Maintainable 
by service

SecondaryPrimary

Keeps 
moisture out
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Looking at the trade-off between “Protection from moisture” and “Protection from dust” one finds 
that the Warranty Claims statistics and the Kano Survey are contradictive. A great majority of the 
warranty claims stated that dust was the biggest issue for both headlights and FSLLs, while in the 
Kano Survey customers prefers moisture protection. The reason for this might be several, but one 
should note that the dust ingress is mainly a Brazilian problem, so it is unlikely that that the Swedish 
respondents would prefer dust protection.  

This reasoning aligns with the statements of the general agency, which from talking with the 
customers experienced that most of the concerns were regarding the moisture. Because of the low 
number of respondents in the Kano Survey and the very clear numbers in the Warranty Claims 
statistics “Protection from dust” is ranked higher than “Protection from moisture”, but solutions has 
to be developed carefully so that the negative effects on “Protection from moisture” are not too 
severe.  

According to the Kano Survey a separate heating device is classified as one dimensional, while the 
view on replaceable filter solutions was divided, therefore “Hinders fogging” will be ranked higher 
than “Traps moisture”. The divided view on replaceable filter solutions shows that probably is no 
need for Scania to push for solutions like that, whether they are for dust or for moisture. If they are 
effective they can be of interest, as long as they filter changes can be done by the regular service.  

The customers rejected both fuel consuming solutions and a higher purchase price. Even if rejection 
was made with rather narrow majority, any changes in purchase price and the cost to run should be 
done with care. The customers classified the ability to clean the headlight without removing the 
whole unit as one-dimensional which shows that the customers sees that the better the maintaining 
possibilities for the drivers the more satisfied the customers will be, this was also something that the 
a majority service managers was positive to. However, since the customers stated the filter change at 
the regular service as a must-be attribute, and that the service managers with a greater majority 
were positive to a service point, reasons are to believe that any maintenance that ought to be done 
regularly is expected to be done as a part of the regular service. With this stated the ranking of the 
customer attributes are ranked as follows: 

Customer Attribute Importance 

Keeps dust out 10 

Regular maintenance is done by 
service if needed 

8 

Keeps moisture out 7 

Traps dust  6 

Hinders fogging (when moisture 
is already there) 

4 

Maintainable by driver 4 

Low Purchase Price 3 

Low cost to run 3 

Traps Moisture 1 

Table 14: The CAs with ranked importance. 
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Most of the engineer characteristics are defined by the standard solutions found in the problem 
decomposition, and are then broken down to measureable units. The ones who are not are aspects 
that don’t directly affect the moisture and dust problem, but still might affect the customer, such as 
price and maintainability. Descriptions are based on information from the empirical findings. 

EC Standard 
solutions 

For 
problem 

Unit Target 
value 

Description 

Size on pores 
or holes 

Filtering, 
Sealing 

Moisture, 
dust 

m2 Low In order to keep particles (water or 
dust) out of the lamp any 
hole/pores cannot be larger than 
the particle you want to keep out.  

Temperature 
on lens 

Heating Moisture °K High As long as the lens is hotter than its 
surround air, fogging cannot appear 
on the lens. 

Internal air 
temperature 

Heating Moisture °K High The hotter the air, the more water it 
can contain and transport. 

Intake air 
temperature 

Choosing 
inlet location 

Moisture °K Low The cooler the air, the less water it 
can contain and transport. 

Air flow Ventilation Moisture M3/s High Good ventilation prevents the 
moisture in the air to fog the lens 

Drainage hole 
size 

Drainage Moisture m2 High Large drainage holes enhance 
drainage performance. 

Absorption, 
amount  

Trapping Moisture kg High Possibility to trap water using 
absorption, measured on amount. 

Absorption, 
temperature 

Trapping Moisture °K High Possibility to trap water using 
absorption, measured on the 
temperature at which the material 
can hold the water. 

Lens coating, 
efficiency 

Coating Moisture % High Possibility for the inner surface of 
the lens to prevent water droplets to 
form so fog cannot build up. 
Efficiency 

Inner pressure Pressurizing Dust Pa High Higher pressure in the lamp 
compared to the outside prevents 
dust ingress. Same pressure 
prevents cracks and leakage. 

Trap dust, 
amount 

Trapping Dust m3 High The amount of dust that is possible 
to trap. 

Purchase 
price (unit) 

- - SEK Low Purchase price from supplier 

Energy 
consumption 

- - Watt Low Lamp unit energy consumption 

Maintenance 
cost for 
service station 

- - SEK Low Total maintenance/service cost 
 

Outer 
measurements 

- Moisture, 
dust 

m*m*m - Measurements varies between 
components 

Inner 
measurements 

- Moisture, 
dust 

m3 - Measurements varies between 
components 

Table 15: The ECs. 

In Figure 43 the QFD-house is shown. The ECs were entered in the columns of the QFD-house and the 
CAs in the rows. The ranking of the CAs was added and the correlation between the different ECs 
were discussed and noted in the roof. After filling in the relationship matrix, one can notice that the 
CA “Maintainable by driver” is almost unrelated to any of the ECs. This means that there might be an 
EC missing or that it is a subjective requirement and hard to measure or that this is a feature that is 
not thought of before and an opportunity for improvements.  
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Figure 43: QFD house without concept scoring. 

Further, one can notice that the Purchase price for Scania and the maintenance cost are the most 
related ECs but this does not mean that they are the only ones to focus on. It is, however, reasonable 
that these characteristics are important, as every added or improved feature will render an increased 
price in both purchase and maintenance. Close to this comes the drainage hole size because of the 
both positive and negative effects it has on the problem. With a larger hole, more dust will get in and 
more water will come out or in. of course one can argue that a correctly designed drainage hole will 
not affect dust ingress, but as soon as there is an unfiltered opening, dust will get in. The ECs outer 
and inner measurements are almost not directly related to the CAs at all, but instead they are 
affected and affecting other changes in ECs. An increased airflow is documented to diminish the fog 
issues. Depending on how you create the airflow costs might increase on energy consumption and 
purchase price. If it is done with forced ventilation the parts cost increase as well as the energy 
consumption, and if you optimize the airflow with the help of CFD simulations or tests, the 
development costs and therefore purchase price will increase. Inner pressure is an EC that affect 
both dust and moisture problems and is effective. But the problem lies in creating the pressure 
without unacceptable increase in cost and efficiency loss. If one can increase the inner pressure 
without affecting these attributes and other truck components, this might be a good solution. The 
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• Relative decision matrix
• QFD

ECs trapping of dust, size of pores and lens coating shares importance. The trapping of dust and the 
pore size gains importance because it is connected to the dust problem and the lens coating 
efficiency gains importance because if it has to be reapplied often the regular maintenance will be 
affected. So a lens coating with long lifetime would not need the same attention.   

5.3 Concept development  
 

 

In the concept development step, the results and analysis of the definition stage and the customer 
analysis step is used to generate concepts with help of multiple product development tools. 
Descriptions of the background and usage of the different tools are found in chapter 2 Theoretical 
framework and 3 Methodology. After the concept generation, an evaluation of which concepts to 
select for further development is done in two steps. Firstly the concepts are compared to the 
engineer’s design criteria, customer needs, in 5.3.4  Concept selection and evaluation with relative 
decision matrix. Secondly, the best ones from the first step are entered in the QFD and compared to 
the customer attributes, CAs, and by this the most interesting concepts for further development can 
be identified. The result is a couple of creative concepts which are used both as guidelines for further 
development and, just as this whole chapter will be, a foundation for the conclusions of this thesis.  

5.3.1 Function-Means-trees 
From the information gathered in the state of art and based on the problem definition, a function-
means-tree divided into four main branches was made. The four functions that make the main 
branches are focused on minimizing the dust ingress, minimizing the effect of dust ingress, 
minimizing the moisture ingress and minimizing the effect of moisture ingress respectively. Since 
there are quite many means able to solve each function, the trees are rather large and somewhat 
repeating. A solution that solves one thing can be used to complete another, while it at the same 
time makes another impossible to use. The relationship between these functions and means can be 
marked in the trees, but the authors concluded that it would be too many lines and notes to be able 
to get an overview and instead just make the trees impossible to understand. Another reason for not 
doing notes and lines is that the time it would take to make the notes would be longer than the 
reasoning one has to make to see if the means are possible or not to combine. Making a note of 
something as an impossible combination might also restrict the engineer’s imagination and 
possibility to find new combinations for a genuinely new concept. On the following pages, the four 
function-means-trees are presented with a brief comment on what is what. 
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5.3.1.1 Function-means-tree for dust ingress protection 
The three main means for solving the dust ingress protection are pressuring, filtering and sealing. To 
pressurize there are only two main functions that are directly connected to this problem to solve, 
create the pressure and ventilate the component. The filtering mean has three main functions which 
are protecting from dust ingress, ventilation and maintainability. Maintainability, since a filter 
eventually will be clogged and therefore need change or cleaning. The third main mean, sealing, has 
got two functions, sealing, which in this case is the way to make the parts tight against each other, 
and clamping of the parts to be sealed against each other. 

 

 

Figure 44: Function-means-tree for dust ingress protection. 

 

  

Minimize dust and 
moisture ingress 

problem

1
Minimizing dust 
ingress problem

1.1
Minimize dust 

ingress

1.1.1
Pressurizing

1.1.1.1
Create overpressure

1.1.1.1.1 
Internal fan

1.1.1.1.2
Small 

compressor

1.1.1.1.3 
Compr. air from 
external system 

e.g. truck air 
pressure system 
or interior cond. 

syst.  

1.1.1.1.4 
Directed wind 

(ram air)

1.1.1.1.5 
Heat

1.1.1.1.6 
In production 

1.1.1.2
Ventilate

1.1.1.2.1
No ventilation

1.1.1.2.2 
Only inlet

Filtered (go to 
1.1.2)

1.1.1.2.3 
Inlet and outlet

Filtered or 
filtered + open 

(go to 1.1.2)

1.1.2 
Filtering

1.1.2.1 
Protect from dust 

ingress (Filter)

1.1.2.1.1 
HEPA-type filter

1.1.2.1.2 
Barrier of 
moisture

1.1.2.1.3
Chemical 
attraction

1.1.2.1.4
Magnetic 
attraction

1.1.2.1.5
Mechanical valve

1.1.2.1.6
Duct taking air 
from dust free 
environment

1.1.2.2 
Ventilate

1.1.2.2.1
Forced 

ventilation

See 
Pressurizing 

(1.1.1)

1.1.2.2.2
Natural 

ventilation

1.1.2.3
Maintain

1.1.2.3.1
Full life time 

filter

1.1.2.3.2
Cleanable

(reusable filter)

1.1.2.3.3
Quick change 

(non reusable filter)

1.1.3 
Sealing

1.1.3.1 
Seal

1.1.3.1.1 
Laser weld

1.1.3.1.2 
Ultrasonic weld.

1.1.3.1.3 
Rubber gasket

1.1.3.1.4
Overmold

1.1.3.1.5
Glue

1.1.3.2
Clamp

1.1.3.2.1
No clamp

1.1.3.2.2
Screws

1.1.3.2.3
Quick fasteners

(snap)

1.2
Minimize effect of 

dust ingress

2
Minimizing 

moisture ingress 
problem



 

64 
 

5.3.1.2 Function-means-tree for dust ingress effect minimization 
The three main means for solving the dust ingress minimization are manual cleaning, automatically 
cleaning and trapping. Manual cleaning has two main functions, which are access to clean and clean 
(where clean are different cleaning techniques). Automatic cleaning has, like manual cleaning two 
main functions, but for automatic cleaning they are trigger (something that triggers the cleaning), 
and clean. Trapping has three main functions which are direct, collect and empty. Direct being 
something that directs the dust in to the lamp, collect being what actually traps the dust and empty 
being how the trap is emptied once it gets full. 

 
Figure 45: Function-means-tree for dust ingress effect minimization. 
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5.3.1.3 Function-means-tree for moisture ingress protection 
Moisture ingress protection has four main means, pressuring, filtering, trapping and sealing. Like the 
dust ingress protection, pressurize the lamp has two main functions, create the pressure and 
ventilate the component. Filtering has two main functions as well, which are protection from 
moisture ingress which describes how the moisture is kept out, and ventilate. Trapping has only one 
main function which is protected from water intrusion that describes how fluid water is kept out, 
while sealing has two, seal and clamp. Seal describes which sealing technique that is used, while 
clamp describes how it is held together. 

 

 
Figure 46: Function-means-tree for moisture ingress protection. 
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5.3.1.4 Function-means-tree for moisture ingress effect minimization 
Five main means are found in the Moisture ingress minimization and these are heating, ventilation, 
coating, trapping and drainage. Heating has two main functions, transfer heat and generate heat. 
Ventilation has create airflow and ventilate. Coating as well has two, coat and ventilate, coat being 
anti-fog coating. Trapping and drainage has two main functions each. For trapping it is trapping 
moisture which describes what is used to trap the moisture and get rid of moisture. For Drainage it is 
get water out of component and protect component from water ingress. 

 

Figure 47: Function-means-tree for moisture ingress effect minimization. 
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5.3.2 Morphological matrix 
The function mean trees lowest level of every branch was visualized in a modified morphological 
matrix. The modification is that in a regular morphological matrix, the functions are listed in the 
leftmost column and then one can choose one mean for each function. In this case this is not easily 
done since there are many means that can cooperate with each other. Not being able to choose 
these combinations would risk restricting the engineer’s imagination and thus missing a solution. 
One could argue that choosing a function for the leftmost mean and not showing the last tertiary 
means would make it easier to overlook and choose from, but the goal is to be able to quickly make a 
choice of concept design from this matrix and that requires the tertiary means to be visible. The 
choice of not noting obviously impossible combinations is for the matrix to be consequent and not 
having some means with notes and some without. The developer using this matrix should also have 
enough knowledge to be able to decide if a combination is plausible or not. Even though this matrix 
is not strictly a morphological matrix and have a strong resemblance to the function-means-tree, it 
acted as a helpful complement and tool when selecting means to generate concepts from. 

 

 

 

1.1 Minimize dust ingress 

Mean Function Tertiary mean 

1.
1 

M
in

im
iz

e 
du

st
 in

gr
es

s 

1.1.1 Pressurizing 
1.1.1.1 Create overpressure Internal fan Small compressor Compr. air fr. ext. syst. Directed wind Heat In production 

1.1.1.2 Ventilate No ventilation  Only inlet (single) Inlet and outlet (multi) 

 

1.1.2 Filtering 

1.1.2.1 Protect fr. dust 
ingress  

HEPA-type 
filter 

Barrier of 
moisture 

Chemical 
attraction Magnetic attraction 

Mechanical 
valve 

Air duct from 
dust free env. 

1.1.2.2 Ventilate Forced ventilation (see 1.1.1) Natural ventilation 

1.1.2.3 Maintain Full lifetime filter Cleanable (reusable filter) Quick change (non-reusable filter) 

1.1.3 Sealing 
1.1.3.1 Seal Laser weld Ultrasonic weld Rubber gasket (need 1.1.3.2) Over mould Glue 

1.1.3.2 Clamp No clamp Screws Quick fasteners 

1.2 Minimize effect of dust ingress 

Mean Function Tertiary mean 

1.
2 

M
in

im
iz

e 
ef

fe
ct

 o
f d

us
t i

ng
re

ss
 

1.2.1 Man cleaning 
1.2.1.1 Access to clean Removable lens Hatch on back side Splittable surrounding Drawer underneath Hose connection 

1.2.1.2 Clean Wipe Vacuum 

 

1.2.2 Aut. cleaning 
1.2.2.1 Trigger Sensor Interval 

1.2.2.2 Clean Vacuum Flushing Blowing 

1.2.3 Trapping 

1.2.3.1 Direct Airflow through canals Vibration + gravity Natural fall (only gravity) 

1.2.3.2 Collect Filter Water/ moisture lock Pocket Chemical attraction 

1.2.3.3 Empty No emptying needed (full lifetime) Through hatch With exchangeable device 
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2.1 Minimize moisture ingress 

Mean Function Tertiary mean 

2.
1 

M
in

im
iz

e 
m

oi
st

ur
e 

in
gr

es
s 

2.1.1 Pressurizing 
2.1.1.1 Create overpressure Internal fan Small compressor Compr. air fr. ext. syst. Directed wind Heat In production 

2.1.1.2 Ventilate No ventilation  Only inlet (single) Inlet and outlet (multi) 

 

2.1.2 Filtering  

2.1.2.1 Protect fr. moisture 
ingress PTFE-membrane Dehumidifier 

2.1.2.2 Ventilate Forced ventilation (see 2.1.1) Natural ventilation 

2.1.3 Trapping 
2.1.3.1 Protect fr. water 
intrusion Mechanical valve Splash guard 

Duct taking air from moisture free 
enviro. 

 

2.1.4 Sealing 
2.1.4.1 Seal Laser weld Ultrasonic weld Rubber gasket Over mould Glue 

2.1.4.2 Clamp No clamp Screws Quick fasteners 

2.2 Minimize effect of moisture ingress 

Mean Function Tertiary mean 

2.
2 

M
in

im
iz

e 
ef

fe
ct

 o
f m

oi
st

ur
e 

in
gr

es
s 

2.2.1 Heating 
2.2.1.1 Transfer heat Integrated heating loop Heating element Conductive polymer coating 

2.2.1.2 Generate heat Electricity From light source 

 

2.2.2 Ventilation 
2.2.2.1 Create airflow Internal fan Small compressor Compr. air fr. ext. syst. Directed wind Heat 

2.2.2.2 Ventilate No ventilation  Forced ventilation Natural ventilation 

2.2.3 Coating 
2.2.3.1 Coat Permanent anti-fog coating Short term anti-fog coating 

2.2.3.2 Ventilate No ventilation  Forced ventilation Natural ventilation 

 

2.2.4 Trapping 
2.2.4.1 Trapping moisture Desiccant Dehumidifier 

2.2.4.2 Get rid of moisture Ventilate Drain By changing 

 

2.2.5 Drainage 
2.2.5.1 Get water out  Duct in recessed area Duct in lowest point /-s 

2.2.5.2 Protect fr. water ingress Valve Cap 

Table 16: The modified morphological matrix, visualising the means to create concepts from. 

In the concept generating process, inspiration was taken from the morphological matrix and some of 
the concepts are based directly on just picking means from the matrix. As described in 3.2.4.2 
Morphological matrix no strict method of choosing means is preferred to be used. Information 
gathered during the state of art and feedback from informal meetings and brainstorming sessions 
worked as additional culling of ideas and inspiration for picking concepts from the morphological 
matrix. The first drafts were narrowed down to the more or less realistic ones and these were then 
left as inspiration for further development.  

5.3.3 Creative concepts 
On the following pages thirteen concepts are presented with a short description, a figure to illustrate 
the idea and some of their pros and cons listed. The concepts are based on the thoughts and ideas 
from the whole process leading up to this point through the function-means-trees and morphological 
matrix. These concepts are then evaluated and compared to each other and the customer analysis in 
5.3.4  Concept selection and evaluation with relative decision matrix and in 5.3.5 Concept evaluation 
with QFD-house.  
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5.3.3.1 Concept 1      
Possible application: all products   Ventilated 

Hot design 

Using the principle that if the lens is warmer than the air inside the light assembly no condensation 
will occur on the inside lens surface. The idea is that instead of heating the lens directly it heats the 
design element in front of the reflector, and the design element in turn both heats the air closest to 
the lens, thus heating it by convection, and by thermal radiation. The design elements are currently 
made of plastic, but with this concept one would rather make them out of metal or at least cast in 
metal elements to transfer the heat.  
 There are two main principals to provide heat for the system. One way is to use electric heat 
elements. With this solution, one could with the help of a thermostat, turn on and off the heating 
elements. The other way is to transfer heat from somewhere else. This could either be from 
somewhere where the heat is unwanted or of no use, such as the light bulb foot or LED circuit board, 
or from something that is heated for other or combined purposes, such as a Peltier element. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pros 

 Solves/reduces the fogging problem while the truck is running. 
 Does not have any negative effect on the dust problem. 
 Creates a technical purpose for a design feature. 
 Probably could reduce the de-icing dilemma too 

 
Cons 

 Does not have any positive effect on the dust problem. 
 At the current design, this solution can only be used for Xenon and H7 headlights. 
 Consumes energy, if electric power is used. 
 If not the whole design element is made of metal, heating it may affect the mechanical 

properties of the surrounding plastic, depending on what material that is used. 
 If the whole design element is made out of metal, the lamp might get considerably heavier. 
 Might be costly. 
 Does not have any effect on the fogging problem while not running.  
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5.3.3.2 Concept 2      
Possible application: all products   Ventilated 

Defogger 
 
Since fog cannot appear on a surface as long as the surface is hotter than the surrounding air, one 
idea is to keep the lens warm with a heating element similar to those used to defrost/defog rear 
windows on cars. Ford uses this technique in their windshield, to get rid of both ice and fog, which 
provides reason to believe that it would be possible to use this in headlight lenses without affecting 
the light pattern too much. 
There are two main principals to provide heat for the system. One way is to use electric heat 
elements. With this solution, one could with the help of a thermostat, turn on and off the heating 
elements.  
The other way is to transfer heat from somewhere else. This could either be from somewhere where 
the heat is unwanted or of no use, such as the light bulb foot or LED circuit board, or from something 
that is heated for other or combined purposes, such as a Peltier element. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pros 

 Solves/reduces the fogging problem while the truck is running. 
 Does not have any negative effect on the dust problem. 
 Uses techniques that are already known and well tested. 
 Will probably solve the de-icing dilemma too. 

 
Cons 

 Does not have any positive effect on the dust problem. 
 Consumes energy, if electric power is used. 
 Heating the lens may affect its mechanical properties, depending on which material is used. 
 Might be costly, especially with the use of a thermostatic control. 
 Does not have any effect on the fogging problem while not running. 
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5.3.3.3 Concept 3      
Possible application: Headlight   Ventilated 

Dehumidifier 

This concept focuses on the humidity of the incoming air. By dehumidifying the inlet air there should 
be less risk of fog on the lens. The dehumidifying is done by cooling the air before it enters the 
lighting assembly. This is done with a Peltier element mounted with the cool side at the inlet. The 
inlet air then passes a PTFE membrane and is led through a duct where it is heated by the other side 
of the Peltier element, creating a flow in the lighting assembly. The duct then leads the warm air up 
on the inside of the lens thus both heating and defogging the lens. The air is ultimately led out 
through an outlet which is protected by another membrane. 

The air flow could be forced by a fan. 

 

 

 

 

 

 

 

 

 

 
 
 
Pros 

 Solves/reduces the fogging problem while the truck is running. 
 Potentially solves the dust problem with a controlled airflow through a membrane. 

 
Cons 

 Condense build up at the cooler will freeze when outer air temperatures are close to zero 
because the element then will be below zero.. Might be solved with intervals. 

 Might be costly. 
 Consumes energy, probably a lot because of the low efficiency of the Peltier element. 
 The Peltier element is an unknown technique never tested for this application, how long is 

the lifetime? 
 Might have to change the membranes because of dust build up when a high air flow is used. 
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5.3.3.4 Concept 4      
Possible application: EOML, Spot lamps, Side marker lamps Sealed 

Rubber drum skin 

To depressurize a “hermetically sealed” container, a rubber membrane could be used. When the 
temperature outside the lighting assembly changes the pressure difference between inside and 
outside will force the rubber membrane to change the volume of the lighting assembly so that the 
pressure stays almost the same on the inside and outside. This will minimize the pump effect and less 
water intrusion through cracks or the hygroscopic effect will occur. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Pros 

 Solves/reduces the fogging/drenching problem. 
 No dust problem, since the container is supposed to be hermetically sealed. 
 Might be cheap. 

 
Cons 

 The rubber membrane would have to be quite large to cope with the maximum temperature 
changes. This might in turn require some extra space for the lighting assembly. 

 Might be hard to get water and dust tight in the joints. 
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5.3.3.5 Concept 5      
Possible application: Headlight, Turn signal, Taillight, Spot lamp Sealed or ventilated 

Desiccant 

With a pocket for a desiccant the problem with moisture could be solved. The desiccant would 
however have to be replaced regularly if it isn´t possible to dry it with a set interval or some sort of 
inefficiency detector. The drying would have to be done at a temperature of 120°C or more. The 
desiccant is supposed to be placed in a way so that it can be easily accessed, either from the front or 
the back of the lighting assembly.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Pros 

 Solves/reduces the fogging problem. 
 Can be used both in a sealed and a ventilated container. 

 
Cons 

 Has to be replaced or dried. 
 Does not have any positive effect on the dust problem. 
 When in a sealed container it will be required to be a service point.  
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5.3.3.6 Concept 6      
Possible application: Headlight, Taillight   Ventilated 

Le reed 

Just like a reed valve on a two stroke engine this valve is supposed to only open when there is a 
pressure difference. This means that it is supposed to be used together with either fan driven forced 
convection or heating. The point is that it is supposed not to let any air in or out when the ventilation 
is off. This means that there will never be a higher humidity in the head light air than it was when it 
was lastly turned off. The valve is preferably made out of a thin membrane that is designed so that a 
pressure difference will affect it, but it must be stiff enough so that it does not shiver or open too 
easily. What too easy is would probably have to be decided by testing. If designed the right way, with 
a stop at both directions, it could render the lighting assembly waterproof when under water. 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
Pros 

 Lighting assembly is sealed when ventilation is off, at least to a certain degree of 
temperature change. 

 Could be water proof if wanted. 

 
Cons 

 Does not single-handedly solve any problem, neither moisture nor dust related.  
 Consumes energy, because a higher airflow will be required. 
 Is not space efficient. 
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5.3.3.7 Concept 7     
  

Possible application: all products   Ventilated 

Ascidian 

This is a rubber cap to position on the outlet. The shape of the cap enables the air to get out without 
any unnecessary restriction while it still stops water spray or flow from penetration. One opening is 
directed upwards, thus enabling the warm outlet air to directly flow upwards and one opening is 
directed downwards so that water gushing through the upper opening is not coming in into the 
lighting assembly through the outlet. 
The rubber grommet will look quite like an ascidian, or as we call them in Sweden, lake scrotum -
hence the name. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pros 

 Enables warm air to flow out without any significant restriction.   
 Stops water flow and spray. 
 Cheap to make and easy to mount. 

 
Cons 

 Does not have any positive effect on the dust problem. 
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5.3.3.8 Concept 8      
Possible application: all products   Ventilated 

Chevron 

One way of constructing a rubber cap would be to make it in the shape of a mirrored chevron. The 
funnel shaped outlets does not restrict the airflow like ordinary rubber caps and therefore enhances 
the ventilation performance. The double sided outlets makes it easy to install and lets water flush 
through it instead of getting caught in a bend or similar natural water trap.  

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pros 

 Enhances ventilation which reduces the risk of fogging. 
 Cheap and easy to mount. 

 
Cons 

 Might be sensitive to water splashes. 
 Does not have any positive effect on the dust problem. 
 

  



 

77 
 

5.3.3.9 Concept 9      
Possible application: Headlight   Sealed or Ventilated 

Four eyes 

This concept is based on the fact that if the glass has the same temperature as the air, no condense 
should build up. An isolated double glass would minimize the cooling effect of the outside air and 
minimize the time for the glass to reach the temperature of the inside air. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
Pros 

 Makes the inner side of the lens less sensitive to the outside temperature, which reduces the 
risk of fogging. 

 
Cons 

 Risk of fog building up between the lenses if one cannot hermetically seal the double lens. 
 Decreases light performance. 
 Does not have any positive effect on the dust problem. 
 High cost 
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5.3.3.10 Concept 10      
Possible application: Headlight   Ventilated 

Hoover 

If the canals are constructed so that the airflow is distributed as evenly as possible, or even more to 
the outer parts of the lighting assembly, the fog build up could be reduced. 

One way to construct this would be to copy the design of vacuum cleaner attachment. Another is to 
make separate canals reaching different parts. This way the air flow would be directed to the outer 
canals because of the effects of higher flow passing a minor flowing generating under pressure. The 
shape of the design is decided through CFD-simulation, and also enables optimal positioning of the 
inlet and outlet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Pros 

 Enhances ventilation performance, which reduces the amount of fog on the lens. 
 Makes it possible to control where the air flows to a greater extent. 

 
Cons 

 Does not have any positive effect on the dust problem. 
 Time consuming to develop, because of the fluid dynamics analysis needed. 
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5.3.3.11 Concept 11      
Possible application: Headlight, maybe taillight  Ventilated  

HEPA 

The classic vacuum cleaner filter is supposed to filter out all visible particles, and should therefore 
most probably fulfil the requirements for a dust free lighting assembly. If all inlet air passes a HEPA-
filter positioned in the lower front of the assembly, and if the lifecycle is too short adding a 
construction for easy change of this filter, the problem with dust should be gone.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pros 
 HEPA-filters are proven good products for collecting dust 
 Very low airflow resistance  

 
Cons 

 Does not have any positive effect on the moisture problem 
 HEPA-filters are sensitive to humidity and should not be used outdoors. 
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5.3.3.12 Concept 12      
Possible application: Headlight   Sealed or ventilated 

Popeye 

A cheap solution is to make a lens that is easy to remove and clean by oneself. This puts all the effort 
on the driver to keep it “free” from dust and moisture by cleaning it and maybe treating it with an 
anti-fog solution found common stores or gas stations. For this to work it has to be some sort of a 
quick snap function with long lifetime. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Pros 

 Cheap 
 “Solves” both the moisture and dust problem 

 
Cons 

 “Solves” both the moisture and dust problem 
 Not quite a premium solution 
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5.3.3.13 Concept 13      
Possible application: Products with ventilation  Ventilated 

Boiling Point 

This concept is based on the problem with water getting trapped inside the lamp if all 
entrances/pores are small enough to hinder dust ingress. The idea is first of all to use membranes for 
every ventilation hole in the lamp. Instead of using a drainage hole, the lowest point in the lamp will 
be heated so water that gets trapped gets vaporized and escapes through the upper ventilation. In 
order to prevent the vapour to fog the lens, a canal is constructed over the heated point. Heating 
could either be provided from somewhere where the heat is unwanted or of no use, such as the light 
bulb foot or LED circuit board, or from an electric element. 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
Pros 

 No water will be left standing. 
 No drainage hole needed, therefore keeps dust out. 
 Inner air is heated creating airflow. 

 

 
Cons 

 Risk of fog building up when the vapour is rising. 
 Energy consuming. 
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5.3.4  Concept selection and evaluation with relative decision matrix 
To sort out the concepts that fit the product design specification best, the relative decision matrix is 
used. The weighting, which is taken from the pairwise comparison, ensures that the concepts 
fulfilling customer needs that are considered more important win over those that don’t. The 
weighting of the customer needs from the pairwise comparison are representing the importance of 
the needs from the engineer’s point of view. One could say that the customer is Scania in this case. 
This means that the needs that Scania’s customers consider most important are not necessarily 
corresponding to those that are rated highest in this matrix. The matrix is done in three rounds. To 
make the choice of concept to put as datum in the first round easy, concept 1 is arbitrary set as 
datum. The winner in the first round is set as datum for the second round and this is then iterated 
until the winner and datum are the same. The concepts with the lowest ranking are then discarded 
and the remaining concepts’ performance is estimated in a relative decision matrix that is reduced to 
the customer needs that are directly comparable to the CAs in the QFD. Below in Table 17 the first 
relative matrix is presented. 

Table 17: The first relative decision matrix, showing the concept scoring with concept 1 as datum. 

                                                             
4  R = Requirements. Note that one concept can be better at fulfilling a requirement than another. 
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1 -1 1 -1 0 1 1 -1 0 0 -1 0 
has got low energy consumption 0,01 0 -1 1 1 1 1 1 1 1 1 1 1 
has a reasonable purchase price 0,02 0 -1 1 1 1 1 1 -1 1 1 1 1 
is easy to replace if worn (whole 
unit) 

0,03 1 -1 0 1 -1 1 1 1 1 1 1 0 

has high dust ingress protection 
(R)4 0,04 0 1 1 0 1 1 1 0 0 1 0 1 

is visually appealing 0,04 -1 0 0 -1 0 0 0 -1 -1 -1 -1 0 
is environmentally friendly 0,04 0 -1 1 1 0 1 1 1 1 1 1 1 
does not have negative effect on 
other truck components 0,04 1 -1 1 0 1 0 0 1 1 0 -1 0 

is easy to install (production) 0,05 0 0 1 1 1 1 1 1 1 1 0 0 
has high water ingress 
protection (R)4 0,06 0 1 1 0 1 1 1 0 0 0 0 1 

is possible to incorporate in 
Scania modular system 

0,06 0 0 0 0 0 1 1 0 0 0 0 0 

is easy to maintain (e.g. bulb 
change etc.) 0,07 -1 -1 0 1 0 1 1 1 1 1 1 0 

does not fog up or has got fast 
defogging 

0,07 1 1 -1 0 -1 -1 -1 -1 -1 -1 -1 -1 

does not have negative effect on 
the light pattern 0,07 -1 1 1 0 1 1 1 -1 -1 0 1 1 

has long lifetime 0,09 0 -1 1 1 -1 1 1 1 1 1 1 0 
is reliable 0,10 0 -1 0 1 -1 0 0 0 1 1 0 0 
fulfils Scania standards 
regarding quality and safety (R)4 0,10 0 0 0 0 0 0 0 0 0 0 0 0 

fulfils law requirements (R)4 0,11 0 0 0 0 0 0 0 0 0 0 0 0 
 Weighted sum + 0 0,15 0,17 0,43 0,41 0,29 0,55 0,55 0,33 0,45 0,45 0,33 0,24 
 Number of equals 18 11 6 7 8 7 5 5 6 6 7 7 11 
 Weighted sum - 0 -0,18 -0,41 -0,07 -0,05 -0,29 -0,07 -0,07 -0,21 -0,18 -0,11 -0,16 -0,07 
 Net sum 0 -0,03 -0,24 0,36 0,36 0 0,48 0,48 0,12 0,27 0,34 0,17 0,17 
 Ranking 10 12 13 3 3 10 1 1 9 5 5 7 7 
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From the first relative decision matrix it is obvious that concept 1 is not the best concept in regard to 
the weighted customer needs. In first place are the two rubber cap concepts, concept 7 and 8. These 
two concepts share the first place and have identical columns. This is because the concepts are very 
similar. To be able to differentiate those two concepts, one of them has to be set as datum. This 
would of course have to be done any way, since they get ranked higher than the datum. One can also 
notice that the top four concepts have very few negative scores. Concept 3, 2, 1 and 6 are ending up 
in the last four places with negative or zero as net score meaning they are just as good as or worse 
than the datum. 

In the second relative decision matrix, shown in Table 18 below, concept 7 is set as datum. 

Table 18: The second relative decision matrix shows the concept scoring with concept 7 as datum. 

Now it is noticeable that concept 7 and concept 8 are slightly different in scoring, with concept 7 as 
the best because of the higher water ingress protection. Concept 1, 2 and 3 are still clinging on to the 
last places together with the newcomer concept 12. More importantly, concept 10 and concept 2 get 
                                                             
5  R = Requirements. Note that one concept can be better at fulfilling a requirement than another.  
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0 -1 0 -1 -1 -1 
has got low energy consumption 0,01 -1 -1 -1 0 0 0 0 0 0 0 0 -1 

has a reasonable purchase price 0,02 -1 -1 -1 -1 -1 -1 0 -1 0 -1 -1 -1 
is easy to replace if worn (whole 
unit) 

0,03 
-1 -1 -1 -1 -1 -1 0 -1 -1 -1 -1 -1 

has high dust ingress protection 
(R)5 

0,04 
-1 -1 1 1 -1 1 0 -1 -1 1 -1 1 

is visually appealing 0,04 0 -1 -1 0 -1 0 0 -1 0 -1 -1 0 

is environmentally friendly 0,04 -1 -1 -1 0 -1 0 0 -1 0 -1 0 -1 
does not have negative effect on 
other truck components 

0,04 
1 1 -1 1 0 1 0 1 1 1 -1 0 

is easy to install (production) 0,05 -1 -1 -1 1 0 1 0 0 1 0 -1 -1 

has high water ingress 
protection (R)5 0,06 

-1 -1 1 1 -1 1 -1 -1 -1 -1 -1 1 

is possible to incorporate in 
Scania modular system 

0,06 
-1 -1 -1 -1 -1 -1 0 -1 -1 -1 -1 -1 

is easy to maintain (e.g. bulb 
change etc.) 

0,07 
-1 -1 -1 -1 -1 -1 0 -1 1 -1 1 -1 

does not fog up or has got fast 
defogging 

0,07 
1 1 1 0 1 0 0 1 1 0 0 1 

does not have negative effect on 
the light pattern 

0,07 
-1 -1 -1 0 -1 0 0 -1 -1 -1 -1 -1 

has long lifetime 0,09 -1 -1 -1 0 -1 -1 0 0 1 -1 0 -1 

is reliable 0,10 0 -1 -1 1 1 -1 0 0 1 1 -1 0 
fulfils Scania standards 
regarding quality and safety (R)5 0,10 

0 0 0 0 0 0 0 0 0 0 0 0 

fulfils law requirements (R)5 0,11 0 0 0 0 0 0 0 0 0 0 0 0 

 Weighted sum + 0,11 0,11 0,17 0,29 0,17 0,19 0 0 0,11 0,42 0,18 0,07 0,17 
 Number of equals 5 3 2 9 5 7 18 17 6 7 5 6 5 
 Weighted sum - -0,54 -0,68 -0,63 -0,18 -0,53 -0,38 0 -0,06 -0,44 -0,26 -0,49 -0,52 -0,45 
 Net sum -0,43 -0,57 -0,46 0,11 -0,36 -0,19 0 -0,06 -0,33 0,16 -0,31 -0,45 -0,28 
 Ranking 10 13 12 2 9 5 3 4 8 1 7 11 6 
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a higher score than concept 7, and therefore a new round, shown in Table 19, with concept 10 as 
datum is conducted. 

Table 19: The third relative decision matrix shows the concept scoring with concept 10 as datum. 

After the scoring in round three the datum concept, concept 10, is also the highest scoring concept. 
All other concepts get a lower net sum in comparison with concept 10. Concept 2 and 3 are still in the 
four last places and the newcomer from the last round, concept 12, is now last. A new member in the 
four last runner ups, is concept 5 which was one of the highest ranked in round 1. Noticeable is that 
the bottom four concepts all have high negative scoring, while only concept 2, 5 and 12 have 
relatively low positive scoring. Concept 3 has a relatively high positive scoring, much higher than 
concept 9, but the high negative scoring clearly outweighs the positive. To be able to draw any 
conclusions other than that concept 10 is the highest ranked, a summary of the scoring from the 
three relative decision matrices, showing the path and average scoring of the concepts is done. This 
is shown in Table 20. 

                                                             
6  R = Requirements. Note that one concept can be better at fulfilling a requirement than another.  
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-1 -1 -1 
has got low energy consumption 0,01 -1 -1 -1 0 0 0 0 0 0 0 -1 0 

has a reasonable purchase price 0,02 -1 -1 -1 -1 -1 -1 0 0 -1 -1 -1 -1 
is easy to replace if worn (whole 
unit) 0,03 

-1 -1 -1 0 -1 0 0 0 0 0 0 0 

has high dust ingress protection 
(R)6 0,04 

0 0 1 1 0 1 1 1 0 0 1 1 

is visually appealing 0,04 0 -1 -1 0 -1 0 0 0 -1 -1 0 -1 

is environmentally friendly 0,04 -1 -1 -1 0 -1 0 0 0 -1 -1 -1 -1 
does not have negative effect on 
other truck components 0,04 

-1 -1 -1 0 -1 0 -1 -1 0 -1 -1 0 

is easy to install (production) 0,05 -1 -1 -1 0 -1 0 -1 -1 -1 -1 -1 -1 

has high water ingress 
protection (R)6 0,06 

0 0 1 1 0 1 1 1 0 0 1 1 

is possible to incorporate in 
Scania modular system 0,06 

-1 -1 -1 0 -1 0 1 1 1 -1 -1 -1 

is easy to maintain (e.g. bulb 
change etc.) 0,07 

-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 

does not fog up or has got fast 
defogging 0,07 

1 1 1 -1 1 -1 -1 -1 0 -1 -1 -1 

does not have negative effect on 
the light pattern 0,07 

1 -1 -1 1 -1 1 1 1 -1 -1 1 0 

has long lifetime 0,09 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 

is reliable 0,10 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
fulfils Scania standards 
regarding quality and safety (R)6 0,10 

0 0 0 0 0 0 0 0 0 0 0 0 

fulfils law requirements (R)6 0,11 0 0 0 0 0 0 0 0 0 0 0 0 

 Weighted sum + 0,14 0,08 0,17 0,18 0,07 0,17 0,23 0,23 0,06 0 0,1 0 0,17 
 Number of equals 5 4 2 9 5 9 8 8 8 18 6 6 4 
 Weighted Sum - -0,52 -0,62 -0,63 -0,35 -0,62 -0,36 -0,42 -0,42 -0,49 0 -0,55 -0,66 -0,56 
 Net sum -0,38 -0,54 -0,46 -0,17 -0,55 -0,19 -0,19 -0,19 -0,43 0 -0,45 -0,66 -0,39 
 Ranking 6 11 10 2 12 3 4 4 8 1 9 13 7 
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Concept Round 1 Round 2 Round 3 Average Average place 
Concept 10: Hoover 5 1 1 2,3 1 
Concept 4: Rubber drum skin 3 2 2 2,3 1 
Concept 7: Ascidian 1 3 4 2,7 3 
Concept 8: Chevron 1 4 4 3,0 4 
Concept 6: Le reed 10 5 3 6,0 5 
Concept 13: Boiling point 7 6 7 6,7 6 
Concept 11: HEPA 5 7 9 7,0 7 
Concept 5: Desiccant 3 9 12 8,0 8 
Concept 9: Four eyes 9 8 8 8,3 9 
Concept 1: Hot design 10 10 6 8,7 10 
Concept 12: Popeye 7 11 13 10,3 11 
Concept 3: Dehumidifier 13 12 10 11,7 12 
Concept 2: Defogger 12 13 12 12,3 13 

Table 20: Summary of the scoring in relative decision matrix 1, 2 and 3. The green square showing the concepts chosen 
for further comparison. 

The top half of the concepts are chosen to be further analysed because of the average scoring they 
received and that they at least in two of the rounds have gotten in the top seven places. Concept 5 is 
also chosen to be further analysed because of its high ranking in round 1. 

After the five lowest scoring concepts are discarded, the top eight are entered in a reduced relative 
decision matrix. In this matrix, shown in Table 21, only the customer needs directly related to the 
customer attributes entered in the QFD, see 5.2.4 QFD, are left. This is done to see the concepts 
score relative to each other in terms of the specific problem with moisture and dust ingress.  
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has got low energy consumption 0,01 0 0 0 0 0 
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0 -1 

has a reasonable purchase price 0,02 -1 -1 -1 0 0 -1 -1 

has high dust ingress protection (R)7 0,04 1 0 1 1 1 1 1 

has high water ingress protection (R)7 0,06 1 0 1 1 1 1 1 

is easy to maintain (e.g. bulb change etc.) 0,07 -1 -1 -1 -1 -1 -1 -1 

does not fog up or has got fast defogging 0,07 -1 1 -1 -1 -1 -1 -1 

has long lifetime 0,09 -1 -1 -1 -1 -1 -1 -1 

is reliable 0,10 -1 -1 -1 -1 -1 -1 -1 

 Weighted sum + 0,1 0,07 0,1 0,1 0,1 0 0,1 0,1 

 Number of equals 1 3 1 2 2 8 1 0 

 
Weighted sum - -0,35 -0,28 -0,35 -0,33 -0,33 0 -0,35 -0,36 

 
Net sum -0,25 -0,21 -0,25 -0,23 -0,23 0 -0,25 -0,26 

 Ranking 5 2 5 3 3 1 5 8 

Table 21: The fourth and reduced relative decision matrix shows the concept scoring with concept 10 as datum. 

Something worth noting from the reduced relative matrix is that, although the concepts have the 
same scoring in each of the customer needs as in the third relative decision matrix, besides concept 
10 that is still ranked first, the ranking has changed. This is due the fact that some of the customer 
                                                             
7  R = Requirements. Note that one concept can be better at fulfilling a requirement than another. 
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needs that were removed heavily affect the concepts total score. This is of course nothing that 
should be seen as an error, as it is just as important to solve the problem as to avoid causing new 
ones. What is beneficial with this new ranking though is that it is easier to see how well the different 
concepts perform when it just comes to the moisture and dust ingress problem. What is obvious 
when looking at the scores in the reduced relative matrix is that the scores of most of the concepts 
are almost identical. The differences are so small that it is hard to draw any conclusions to whether 
the concept with the lowest ranking is really performing that much worse than the one in second 
place. For instance, concept 13, ranked eighth, has a higher positive scoring than concept 5 which is 
ranked second, but as concept 13 has no equal scoring to the datum it has much higher negative 
scoring than concept 5 with its three equals. In this case it is because neither the datum nor concept 
5 has any energy consumption or ingress protection at all, so it will not cause any negative scoring for 
concept 5.  

Therefore, as one can see and Johannesson et al (2004) also claims; to understand what is important 
and how to interpret the results from the relative decision matrices is not just about looking at the 
ranking. One has to reflect over the significance of the differences in scoring, if there are more 
balanced results in one concept than another and if there are any uncertainties in the weighting. 

To be able to compare the performance of the different solutions to each other it is necessary to 
estimate how well each concept fulfil each customer need. This ad even more uncertainty to the 
result, as it is impossible to objectively rate the performance of a concept without having tested it. 
Having stated this, it is still interesting to do this evaluation, as it is the expected result of the 
concepts that is rated. If the goal with the concept is not fulfilling the customer needs to a 
satisfactory degree, there is no need to further develop it, and if another concept could do it better, 
that concept should be of more interest to the development team. Below, in Table 22,  is the reduced 
relative decision matrix with both weighting of the customer needs and weighting of the expected  
performance of the concepts in each of the customer needs presented. The performance is ranked 
from zero to five with five being the best.   
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has got low energy consumption 0,01 5 5 5 5 5 5 5 3 

has a reasonable purchase price 0,02 3 2 3 5 5 5 2 1 

has high dust ingress protection (R)8 0,04 5 0 2 1 1 0 2 5 

has high water ingress protection (R)8 0,06 5 0 2 1 1 0 0 4 

is easy to maintain (e.g. bulb change etc.) 0,07 1 3 1 3 3 5 3 1 

does not fog up or has got fast defogging 0,07 2 3 0 0 0 4 0 1 

has long lifetime 0,09 4 2 3 4 4 5 2 4 

is reliable 0,10 3 3 1 3 3 5 3 3 

 Number of zeros 0 2 1 1 1 2 2 0 

 Weighted sum 1,48 0,99 0,75 1,12 1,12 1,73 0,86 1,29 

 Ranking 2 6 8 4 4 1 7 3 

Table 22: The fifth and reduced relative decision matrix with entered expected performance scoring. 

                                                             
8  R = Requirements. Note that one concept can be better at fulfilling a requirement than another. 
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The result from this last decision matrix is convincing. Concept 10 is almost constantly the winner, 
from round two until the last round, and it is clear that this concept is interesting for further 
development. It does however, not solve either of the two required customer needs, high water 
ingress protection and high dust ingress protection. This does not mean that the concept has failed 
and is not interesting, as the requirements are for a complete product and the concept might be a 
good solution in combination with another concepts or known solutions that has got high ingress 
protection.  

For a solution to the ingress protection problems, the concepts in second and third place are really 
interesting. Concept 4 is also the runner up in the summary of the relative decision matrices and is 
highly interesting for further testing. Concept 13, which came in third place, is interesting because of 
the potential of a dust and moisture free, but still ventilated component. 

From the scoring one can clearly see that the two rather easy and non-drastic concepts with rubber 
inlet and outlet protection always have a high ranking. This seems to be because they have little 
negative effect on anything, so they are unlikely to render any negative results in the matrices. These 
concepts should of course be investigated further because of the low cost, short development time 
and ease of implementation, but they are unlikely to solve the problem singlehandedly. These two 
concepts are more of a modification of the already existing rubber caps and maybe a combination of 
these with the other concepts is a good solution.  

The two concepts that are taking care of moisture or dust that has already entered the component, 
concept 5 and concept 11, are getting lower scores than the top five concepts. This is mainly because 
they neither hinder ingress nor have a long lifetime. They are required to be exchanged on a regular 
basis and this also adds to the price. 

Concept 6 is the lowest scoring concept of the eight and is so because it is not exceptionally good on 
solving any of the customer needs, plus it is not reliable. The risk of something getting stuck or the 
valve getting worn out and therefore not being tight enough is too high. 

The next step is now to do a customer competitive assessment in the QFD. The results from this last  
relative decision matrix is then compared with the results from the customer competitive assessment 
to shed light on the eventual differences between the engineers’ point of view and the customers’ 
point of view. 
 

5.3.5 Concept evaluation with QFD-house 
The scoring in the Technical Competitive Assessment and the Customer Competitive Assessment in 
the final QFD, Figure 48, shows how well the different concepts performs for the every EC and CA, 
which is also graphically shown by the adjacent lines. The scoring is done analytically with the 
assumptions that they, and the other aspects of the lamp design works according to plan. The goal 
with the evaluation is to see how well the concepts match the CAs and ECs. This is useful if one wants 
to see how a concept designed to solve a certain CA affects certain ECs as well as other CAs. The 
result from this evaluation will also be used to complement the result from the relative decision 
matrix when selecting concepts to focus on.    

The assessments show that concept 4 is the overall best performing concept followed by concept 13 
in both assessments. Both concepts are designed to solve or minimize both the dust ingress and 
moisture ingress problems. Therefore they get high overall scores. From third to fifth place in the 
competitive customer assessment the scoring is relatively close bringing a gap between the two 
rubber cap concepts concept 7 and concept 8.  
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When looking at the competitive technical assessment, the ranking is very similar to the competitive 
customer assessment. The significant differences are that concept 11 is ranked seventh, instead of 
fourth and concept 10 is ranked third instead of fifth. Concept 11 is lower ranked because it affect 
few technical aspects considered important and concept 10 because it does so.  
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Figure 48: QFD with competitive assessments. 

When setting the scores and reading the results in the concept evaluation, one must have in mind 
that the concepts are not specified as complete products, and therefore they only get scores on and 
affect characteristics that the specific solution affects. If one had specified the concepts as, for 
example, add-ons to a currently available headlight unit, they would have been affecting all of the 
aspects and directly comparable. This was not done because the object was to find and evaluate 
general solutions, not specific products. 
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5.3.6 Comparison of the concept evaluations 
Lastly a comparison between and analysis of the results from the three different concept evaluations, 
the relative decision matrix, customer competitive assessment and technical competitive assessment 
is done by entering the different rankings in Table 23 below.   

Concept Weighted relative 
decision matrix 

Customer competitive 
assessment 

Technical competitive 
assessment 

Concept 4: Rubber drum skin 2 1 1 
Concept 5: Desiccant 6 8 8 
Concept 6: Le reed 8 7 6 
Concept 7: Ascidian 4 3 4 
Concept 8: Chevron 4 5 4 
Concept 10: Hoover 1 5 3 
Concept 11: HEPA 7 4 7 
Concept 13: Boiling point 3 2 2 

Table 23: Summary of the scoring from the three different concept evaluations. 

What is noticeable is that the results of the concept rankings in all three methods are quite 
homogenic. The only big difference is the ranking of concept 11 and concept 10 in the customer 
competitive assessment. This is because the customers value dust ingress problems as more severe, 
and therefore the fog solving concept 10 loses some places in ranking while the dust collecting 
concept 11 gains some. 
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6 Discussion 
In this chapter the report in its whole is discussed. The discussion concerns the moisture and dust 
problem and the results of the DFSS steps.  

Solutions for the problem with moisture and dust ingress might seem simple at first, but due to the 
contradiction within the problem it is very hard to predict if any specific changes in the design is 
beneficial.  

By the data collected in throughout customer analysis one can clearly state that Brazil is the country 
to focus on if one is to reduce the number of warranty claims. When survey managers was asked, 
they showed that the acceptance towards the brownish dust was lower than the acceptance for 
white dust which partly can explain this, since Brazil is the country where this kind of dust is found. 
However, since Brazil also was the country who, by a great majority, made the most warranty claims 
about the EOMLs, where dust wasn’t a problem, this insinuates that the acceptance for problems 
with lighting equipment might be lower in Brazil as a whole. The survey managers and interviews also 
pointed out UK as a country where acceptance is possibly lower. 

When looking at the current problem definition, the developers focus seems to be on the moisture 
problem when, in fact, the customers seems to have a much higher acceptance of that problem than 
the dust problem. This difference in focus might be because the water ingress problem is closely 
related quality problems of more severe nature as there are electrics involved. The customers on the 
other hand know that fog and water will disappear over time, how fast depending on where on earth 
and when in year, but dust will stay where it is. 

What can be drawn from the gathering of technical background information is that large amounts of 
time spent testing in labs can be saved by CFD analysis. Several SAE-reports cover the area, where 
calculations models are presented and striking similarities between simulation and reality are shown. 
The QFD also shows that airflows are one of the most influential characteristics and therefore 
everything points to this being something to focus on.  

Dust however, might be hard to cope with if it gets in, so we believe that for dust issues are best 
prevented by keeping the dust out. The sensible way to do this is by avoiding the use of unprotected 
openings and making every intake in the lamp membrane protected.  

From the concept development in general and concept evaluation in specific, the effect of different 
technical aspects becomes clearer. How a concepts technical attributes affect the ability to fulfil 
customers’ requests are really important to know in order to design a good product. Even though no 
specific solution is accomplished, the creative concepts give an opportunity for further development 
of detailed concepts. The concepts that might solve both dust ingress and moisture ingress problems 
are the highest ranked which points to the obvious fact that if one can hinder ingress in general, both 
problems could be solved. The problem lies in creating a sustainable design that can cope with all 
aspects that are surrounding a lighting component. Ventilation, or at least cooling, is in many cases a 
requirement in order to get a long lifetime. This is contradictory to the design of an ingress protected 
component. Therefore concept 13: Boiling point is a really interesting concept, since it allows 
ventilation without any unprotected holes. A combination with concept 10: Hoover would probably 
be beneficial because the Hoover concept applies the possibility of optimized airflow that CFD-
analysis gives.  
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When designing and analysing the dust or moisture trade off question in the questionnaire, 
Gregorio’s (2008) Importance Trade-off Model was used. This is, as far as the authors know, the first 
time it is put to use since it was developed. The importance trade-off model suited this important 
question well and the authors’ belief is that it really contributed to both the ease of formulating an 
unbiased question and the ease and quality of the analysis of the answer. 

This thesis shows that DFSS and Systematic design can be beneficially combined. The interdisciplinary 
collaboration led to better understanding of which questions were important to ask both when 
collecting customers' opinions and the engineers’ opinions as well as in the process of generating 
concepts. It also shows how the customer’s perceptions may differ from the engineers’, and the 
importance to gather information from both of the interests, and compare the two in order to be 
able to design a product that fulfils all the parties’ needs. 

7 Conclusions 
This chapter states what the project has lead up to and gives suggestions how Scania can cope with 
the problem. The conclusions are drawn based on the information gathered in the earlier chapters. 

Brazil is the country where customers are most likely to make a complaint. This is likely to partly be 
because of the red dust found there, but moisture ingress complaints for the EOMLs show that there 
is lower acceptance overall. Apart from Brazil, UK is a country where the acceptance is lower, 
although this cannot be stated with the same conviction. 

Because Brazil is the country to focus on in order to decrease the number of warranty claims and 
reduce customer dissatisfaction, solutions that effectively can reduce dust ingress are to be 
preferred, at least to some extent, over solutions that can reduce moisture ingress problems. 
Request was made by customers that they want to be able to maintain the lamps themselves, but 
expects that repetitive maintenance is done by the regular service. Requests are also made for 
separate heating devices, but most of them are not willing to pay more for the lamp or have a lamp 
with larger energy consumption. 

A good airflow is shown to be very beneficial in order to reduce problems with fogging and CFD 
analysis has been proven to be effective method to obtain this. Dust issues are best reduced by 
trying to keep the dust out, which can be obtained by keeping a small enough pore size. If one can 
obtain good enough airflow while still having the pore size small enough to prevent dust ingress, this 
might be a way to approach a solution. 

If not ingress can be avoided, trapping dust and moisture seems to be acceptable solutions according 
to customers. Such solutions should be rather easily tested and evaluated. However, if such solutions 
are to be used, they have to be able to trap enough moisture and dust so that the regular service 
intervals are enough in order to maintain the lamps performance. 
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8 Future work 
Here, suggestions are made for the future of this project and what should be noted by future 
researchers.  Also, the validation of this project is pointed out. 

The task was designed as a part of a DFSS project, and in order to reach any actual improvement, the 
whole DFSS project has to be finished. However, even though this thesis does not provide Scania a 
specific solution for the problem, we still believe that the information provided will be useful for 
further research and development at Scania and can hopefully plant a seed for what will be Scania’s 
future solution. 

Since recent SAE reports presents positive testing of anti-fog coating, keeping up to date with the 
development of this area is something we strongly suggest. The lifetime of anti-fog coating is still not 
good enough, but because of the potential of a maintenance free fog free product the area is highly 
interesting. 

The next natural step in the project would to be to go on and test different concepts and competitive 
solutions, and benchmark these towards the information provided in this thesis. This would have 
been interesting to do ourselves, but due the time limit of the project this was not possible. 

The creative concepts of most interest for detailed design and further development are concept 10: 
Hoover because it utilizes the possibilities to optimize the airflow with help of CFD-analysis. Further 
the principles of both concept 4: Rubber drum skin and concept 13: Boiling point are really 
interesting to test to see if the ideas work and are possible to implement in real lighting components. 
Of course all concepts that could be considered cost effective to make physical prototypes of should 
be investigated, for instance the rubber cap concepts, concept 7: Ascidian and concept 8: Chevron 
and trapping concepts, concept 5: Desiccant and concept 11: HEPA. 

As for the customer analysis, it would probably have been beneficial if we were able to reach more 
customers and get more responses in the different surveys, especially within the Brazilian and UK 
country units. Unfortunately, reaching the customer was very time consuming and since the 
response rate was low this would have extended the project time severely. We also suggest that 
future researchers investigate the sudden dip of warranty claims that occurred in Q2 2011, to find 
out if it can provide anything of interest for this issue. 
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Appendix 

1-1 IP protection 
Protection against the ingress of solid foreign objects (including dust)   

Example:  IP 6K 9K = dust tight and water proof 

The first numeral (green) is for the protection against the ingress of solid foreign objects (including 
dust). 

The second numeral (red) is for the protection against the ingress of water 

The additional letter K is specifically for electrical equipment in road vehicles 

The specification of a degree of protection for protection against access and foreign object includes 
all lower degrees of protection. 

The degrees of protection 1 to 6K for protection against water include all the lower degrees of 
protection. Due to different physical affects, this does not automatically have to apply to water 
protection grades 7, 8 and   9K. 

Table 1: 
Protection against the ingress of solid foreign objects (including dust)   

X.................... not tested 
0..................... not protected 
1..................... solid foreign objects ∅ ≥ 50 mm 
2..................... solid foreign objects ∅ ≥ 12.5 mm 
3..................... solid foreign objects ∅ ≥ 2.5 mm 
4..................... solid foreign objects ∅ ≥ 1.0 mm 
5 and 5K........ dust protected 
6 and 6K........ dust tight  

Table 2: 
Protection against the ingress of water   

X........... not tested 
0........... not protected 
1........... vertical dripping 
2........... dripping (inclined 15°) 
3........... spraying 
4........... splashing 
4K .........same with increased pressure 
5........... jetting 
6........... powerful jetting 
6K ....... same at increased pressure 
7.......... temporary immersion 
8.......... continuous immersion 
9K ....... high pressure/steam jet cleaning 
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2-1 Components 
There are some general differences between the different exterior lighting components on the truck 
depending on what purpose they are designed for. Some, like the headlights, are designed to light up 
the environment to aid the driver, while others, like the EOMLs, are there to light up the truck and 
aid the fellow road users to see where the truck is. This result in different technical specifications 
since things like the design, or need, of the reflector and in turn housing is depending on whether the 
light is to be seen or to aid in seeing. 

2-1-1 Headlight and turn signal 
On Scania, the headlight and turn signal are mounted together as a hinged unit and there are three 
different headlight techniques to choose from; H4, H7 and Xenon.   

2-1-1-1 H4 headlight and turn signal 
The first performance step in headlights is the most common and is also usually mounted on vehicles 
used on construction sites. The H4 light source provides both low and high beam and therefore the 
headlight only needs one big reflector unit. The most characteristic visible features are the 
protruding upper part of the turn signal and prisms in the lenses. The H4 headlight unit has no back 
piece, instead it is sealed against the housing with a rubber sealing on the backside.  

   
Figure 49: To the left a H4 headlight unit from the front and to the right from the back. 

 Ventilation: Through a rubber hose on the back of the housing  
 Draining: A rubber draining at the lowest point in the housing.   

2-1-1-2 H7 and Xenon headlights and turn signal  
The next performance steps in headlights are the H7 and Xenon headlights which have separate 
reflectors for low and high beam. The H7 and Xenon are very similar in styling and the main design 
differences between them are the shape of the reflector and the electronics that are needed to 
control the Xenon light source. This headlight has its own back piece but is still mounted in the same 
housing as the H4 headlight. The H7 and Xenon headlight are more commonly mounted on long 
haulage vehicles.  

 

Figure 50: To the left a drawing of a Xenon headlight unit front and backside and to the right a H7 headlight unit. 

 Ventilation: Trough labyrinth caps in upper outer and lower inner corner of the housing 
 Draining: Through labyrinth in lowest point of housing. 
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2-1-1-3 Headlight assembly components 
The headlights are the most complex lighting components on the truck and therefore each main 
component is presented below.  

2-1-1-3-1 Light source  
The light sources that are used in Scania headlights are H1, H4, H7 or Xenon lamps. H4 bulbs are 
designed with dual filaments and produce both low and high beam in the same bulb, while H1 and 
H7 are single filament bulbs. The Xenon light source uses an electric arc instead of a filament to 
produce light and requires additional driver electronics to work.  

 

Figure 51: From left to right a H1, H4, H7 and Xenon light source. 

2-1-1-3-2 Lens 
On the H4 headlight unit the lens is designed with prisms acting together with the reflector to create 
the light pattern while the H7 and Xenon only uses the reflector to create the light pattern and 
therefore has clear glass lenses. 

 

Figure 52: A H4 lens with its characteristic prisms and a clear glass H7/Xenon lens. 

2-1-1-3-3 Reflector 
The reflector is sensitive to wear since the coating is very thin and it is important that it is clean for it 
to be effective. As mentioned there are a big difference between the H4 and the H7 and Xenon 
reflectors. This is because the H4 uses the same light source for low and high beam and the H7 and 
Xenon does not. So the headlight reflectors are divided in two chambers on the H7 and Xenon head 
light units.  
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Figure 53: Xenon reflector. 

2-1-1-3-4 Housing 
The H4 headlight uses a large housing which works both as a back piece and a barrier to the rest of 
the front components. There is a hinge on the inner side making dismantling and changing of light 
bulbs easy. The H7 and Xenon housings are made to fit inside the housing of the H4 and use the 
same hinge but have own back pieces making it a double barrier. There are only minor differences 
between the H7 and Xenon housings following the philosophy of the Scania modular system. 

 

Figure 54: To the left a housing for H4 headlight units, which works as mounting frame for H7 and Xenon. To the right the 
housing for H7 and Xenon headlight units. 

2-1-1-3-4 Bezel 
This part is solely a design feature and only available on the clear glass H7 and Xenon headlights since 
it is not necessary and would not be visible on a H4 headlight.  

 

Figure 55: H7 and Xenon headlight bezel. 

2-1-1-3 Turn signal 
There are two significantly different designs of turn signals depending on which performance step is 
chosen. The turn signals for the H4 headlight has got a design with prisms just like the lens on the H4 
headlight and also have a protruding upper outer side. The turn signals for the H7 and Xenon 
headlights have a combination of clear glass and prisms, lack the protruding part and have LED DRLs.  
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Figure 56: On the left a H7 and Xenon turn signal and on the right a H4 turn signal. 

 H4 turn signal ventilation: Through a semi labyrinth hole. 
 H7 and Xenon turn signal ventilation: Through rubber cap protected holes in diagonally 

opposing corners. 
 H4 turn signal draining: Through a hole in the lowest point.  
 H7 and Xenon turn signal draining: Draining through the lowest ventilation hole. 

2-1-2 Fog light, Spotlight, DRL 
These units are mounted in the front bumper and are a bit less complex in design. The fog and spot 
lamp use H1 light sources while the DRL use four LEDs. The lenses are glued on all of these light units. 
Since the DRL is not equipped with replaceable light sources, it is completely sealed.  

 

Figure 57: On the left a Daytime running light and on the right a fog light. 

 Fog and Spot ventilation: Through labyrinths in the lamp socket. 
 DRL ventilation: No ventilation. 
 Fog and spot draining: Draining through gap in the glue. 
 DRL draining: No draining. 

2-1-3 EOML, End outline marker light 
Marking the width of the truck and positioned high, in the sun visor on the Scania, the EOMLs are 
white light LEDs. They are relatively small units with front and back piece joined with ultrasonic 
welding. The EOMLs are designed to be hermetically sealed. 

  

Figure 58: End outline marker light. 
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 Ventilation: No ventilation 
 Draining: No draining 

2-1-4 SML, Side marker light 
These small units are there to make the truck and the truck length visible from the side. They are 
required to be amber and have both illumination and reflectors. As light source, LEDs are used. The 
SMLs are joined with ultrasonic welding and therefore supposedly hermetically sealed lighting 
components. 

 

Figure 59: Side marker light. 

 Ventilation: No ventilation 
 Draining: No draining 

2-1-5 Taillight 
There are two choices of taillights, one with a more rounded styling and one with a more classic 
angular construction vehicle design. The two types also differ in material, where the rounded one is 
made of a more elastic polymer than the cubic. The taillights can be fitted with licence plate 
illumination and back-up alarm. 

  

Figure 60: Taillight to the left and the groove with the cut rubber sealing to the right. 

 Ventilation: Done by cutting a part of the rubber sealing at the drainage point, thus 
creating a long labyrinth in the groove between the lens and the housing. 

Draining: Combined with ventilation 
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2-2 Component positions 
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3-1 Survey form 
 

Survey form – Moisture & Dust in lighting equipment 

 

This survey is a part of a master thesis and will be used to identify customer acceptance regarding 
moisture and dust in lighting equipment. Any questions about the survey can be sent to 
david.runosson@scania.com. Thank you for your help! 

Instructions 

Please enable macros in order to fill out the form. If macros cannot be used, please write your 
answers in a separate document and send them as text. 

In order to answer question 2-8 the attached PowerPoint “Moisture & Dust Survey.ppt” is needed. 
The PowerPoint contains pictures with different levels of moisture and dust, both white and brown, 
in different lamps. About three pictures are provided for every level. For every picture, the question 
“Is it likely that the customer would make a complaint at this level?” is asked. If the answer is yes, 
please note the level and type of issue and lamp, and mark it in the form. If the answer is no, go on to 
the next picture. If it isn’t likely that the customer would make a complaint at any of the levels, mark 
the answer “None” for that type of issue and lamp. The four last questions in the form are not bound 
to the PowerPoint.  

Once the form is filled out, please save the document, attach it to an email and send it to 
david.runosson@scania.com. 

Questions: 

1. If moisture gets into to the lamp while the truck is not running, but disappears after a 
certain amount of time after the truck starts running. What is the acceptable limit for that 
time? 

No moist is allowed   

5 minutes   

15 minutes  

1 hour  
 

If your answer to question one is “No moisture is allowed”, you can skip question 2-4 and go 
directly to “White Dust: H4” in the PowerPoint. At which level is it likely that the customer 
would make a complaint?  
(PowerPoint Moisture & Dust Survey.ppt is needed.) 
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   Level             

1. Moisture H4 1  2  3  4  None  

2. Moisture H7 1  2  3  4  None  

3. Moisture EOML 1  2  3  4  None  

4. White dust H4 1  2  3  4  None  

5. White dust H7 1  2  3  4  None  

6. Brown dust H4 1  2  3  4  None  

7. Brown dust H7 1  2  3  4  None  

9. If part of the solution of the dust problem would be to design the lamp in such a way that 
the driver easily could clean it. Would that be acceptable? 

Yes  

No  

10. If moisture and dust can be prevented by a service point in the regular service, is that 
acceptable? 

Yes  

No  

Comments: 

 

Please state your name and country: 

 

Thank you for your help // David & Joel  
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End-outline marker lamp - Level 2
Is it  l ikely  that the customer would make a complaint  at this level?

H7 – Level 2
Is it l ikely  that the customer would make a complaint a t this level?

3-2 Survey PowerPoint, example 
Since the PowerPoint presentation bound to the survey is 96 pages long, a shorter sample with six 
selected pictures is attached to the report.  
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3-3 Survey results 
 

  

Country Acceptable 
drying time 
 

Lev. 
of 
moist
ure 
H4 

Lev. 
of 
moist
ure 
H7 

Lev. of 
moist
ure 
EOML 

Lev. 
of 
white 
dust 
H4 

Lev. 
of 
white 
dust 
H7 

Lev. of 
brown 
dust 
H4 

Lev. of 
brown 
dust 
H7 

Driver 
cleaning 

Service 
point 

 

Brazil 5 2 1 2 1 1 1 1 Yes Yes - 

France 1 0 - - - 2 1 2 1 Yes No - 

France 2 5 1 5 5 1 5 1 5 Yes Yes - 

France 3 5 2 1 2 1 1 2 1 No No - 

Hong Kong 
5 3 2 3 3 2 2 2 No Yes 

- 

Hungary 5 2 2 2 1 1 1 1 Yes Yes - 

Iran 0 - - - 2 1 1 1 Yes Yes - 

Italy 
* * * * * * * * * * 

See “Survey 
Comments” 

Morocco 15 2 2 2 3 3 1 1 Yes Yes - 

New 
Zeeland 0 - - - 2 1 1 1 No Yes 

- 

Poland 5 2 2 1 1 1 1 1 No No - 

 
Sweden 0 - - - 2 1 1 1 No Yes 

Chosen key 
customer 

UK 
0 - - - 1 1 1 1 No No 

Lowest 
acceptance 

Ukraine 15 3 5 2 1 5 1 5 No No - 

Average - 1.69 1.92 1.85 1.62 1.85 1.23 1.69 - - - 
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3-4 Survey Comments 
 

 
 

 

 

 

  

Country Comments 

Brazil About question 9.  : Only in case of old trucks it would be acceptable (e.g. more than 2 years) 

France 1 Scania is the king of the road, it is a premium brand and often the most expensive. So, customer cannot 
accept these kind of defect on a Scania. Scania must stay the better truck, in comparison with others 
competitors. 

France 2 - 

France 3 It would have been interesting to have a notion of time, because with  years passed, customer would accept 
some defect in the lighting equipment. But before 5 years : No the customer do not have to do an 
intervention on the lighting equipment except to change bulbs. 

Hong Kong The Hong Kong transportation have no regulation to use the Daytime running light or head light so the 
moisture will coming on rainy day or wet season. 

Hungary - 

Iran In middle east, especially in Iran we have fine dust particles which enters the head lamp and create a thin 
layer on the reflectors. This makes poor lighting and the lamp looks very old within short span of operation. 
As we are not using headlamp at day time the moisture is not at all accepted. If you need any pictures 
please feel free to ask. 

Italy we have no complaints about this issue in Italy so we are not able to give you any opinion about 

Morocco It’s not a case we have so often, but sometimes water stay in also 

New Zeeland White dust on h4 hard to see in the pictures, in general no dust or moisture should be in headlights 

Poland The humidity should be avoided as much as possible. Dust is not allowed as long it is clearly seen. the 
daytime running lights which became a standard creates the use of main lights much less so the humidity 
issues will increase. 

Sweden - 

UK Customers particularly in the UK are quite discerning in so much as they would not expect to see any 
moisture or dust inside the lamp behind the glass. From a service perspective, although you can rectify most 
of the problems, it is not seen as desirable and that this would be an exception not the rule and therefore 
not considered as part of a service activity. 

Ukraine H4 perhaps it makes sense to lengthen ventilation pipe 1386090  and caps 1386091.   gasket 1385404 
perhaps it makes sense to add an external scraper whisker all round. - maybe redesigned  H7- is not 
prevalent is our market 
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4-1 Kano survey 
Customer view regarding moisture & dust in lighting equipment 

Dear participant, 
 
This survey is a part of a master thesis and will be used to identify customers view regarding solutions for 
moisture and dust in lighting equipment. If you have received this survey you are part of our key customer 
group. Answers will be used for the further development of Scania lighting equipment. Any questions about the 
survey can be sent to david.runosson@scania.com. Thank you for your help! 
 
Please enable macros in order to fill out the form. If macros cannot be used, please write your answers in a 
separate document and send them as text.  
 
Once the form is filled out, please save the document, attach it to an email and send it to 
david.runosson@scania.com. 
 

1 a) Assuming that a filter is required to reduce the amount of moisture and dust in the lamp, and this filter would require 
regular change. If the lamp was designed with a filter, how would you feel? 
 

1. I like it that w ay  2. I am expecting it to be that w ay  
3. I am neutral

 
4. I can accept it to be that w ay 

 
5. I dislike it that w ay

 
 
1 b) Assuming that a filter is required to reduce the amount of moisture and dust in the lamp, and this filter would require 
regular change. If the lamp wasn’t designed with a filter, how would you feel? 
 

1. I like it that w ay  2. I am expecting it to be that w ay  
3. I am neutral

 
4. I can accept it to be that w ay 

 
5. I dislike it that w ay

 
 
2 a) Assuming that a filter is required to reduce the amount of moisture and dust in the lamp, and this filter would require 
regular change. If the filter change was done as a part of the regular service, how would you feel? 
 

1. I like it that w ay  2. I am expecting it to be that w ay  
3. I am neutral

 
4. I can accept it to be that w ay 

 
5. I dislike it that w ay

 
 
2 b) Assuming that a filter is required to reduce the amount of moisture and dust in the lamp, and this filter would require 
regular change. If the filter change was not done as a part of the regular service, how would you feel? 
 

1. I like it that w ay  2. I am expecting it to be that w ay  
3. I am neutral

 
4. I can accept it to be that w ay 

 
5. I dislike it that w ay

 
 
3 a) If you could heat the glass on the lamp with a separate heating device in order to get rid of moisture, how would you 
feel? 
 

1. I like it that w ay  2. I am expecting it to be that w ay  
3. I am neutral

 
4. I can accept it to be that w ay 

 
5. I dislike it that w ay

 
 
3 b) If you couldn’t heat the glass on the lamp with a separate heating device in order to get rid of moisture, how would 
you feel? 
 

1. I like it that w ay  2. I am expecting it to be that w ay  
3. I am neutral

 
4. I can accept it to be that w ay 

 
5. I dislike it that w ay

 
 
4 a) If you were able to remove the lamp glass without removing the whole lamp from the truck, in order to be able to 
clean the lamp yourself, how would you feel? 
 

1. I like it that w ay  2. I am expecting it to be that w ay  
3. I am neutral

 
4. I can accept it to be that w ay 

 
5. I dislike it that w ay

 
4 b) If you weren’t able to remove the lamp glass without removing the whole lamp from the truck, in order to be able to 
clean the lamp yourself, how would you feel? 
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1. I like it that w ay  2. I am expecting it to be that w ay  

3. I am neutral
 

4. I can accept it to be that w ay 
 

5. I dislike it that w ay
 

 
5. Some possible solutions for the moisture and dust problem consume electric power. Since the battery in the truck is 
charged by the trucks motor, these solutions will slightly affect the trucks fuel consumption. How much diesel per 8 
hour day are you willing to give up for an enhanced protection against moisture & dust? 
 

None <0.1 liters/day 0.1-0.25 liters/day >0.25 liters/day
 

 
6. Some possible solutions that might give the lamp a better protection against dust, will give the lamp a worse 
protection against moisture and vice versa. How much of the protection against one of these are you willing to give 
up, in order to enhance the protection from the other? 
 

Signif icant improvement regarding 
moist

Signif icant disimprovement 
regarding dust 

Slight improvement regarding 
moist 

Slight disimprovement 
regarding dust

Equal 
importance

Slight improvement 
regarding dust 

Slight disimprovement 
regarding moist

Signif icant 
improvement 
regarding dust

Signif icant 
disimprovement 
regarding moist

 
7. Some solutions for the moisture and dust problem may cause the price of the lamp to increase. Are you willing to 
pay more for a lamp with better protection from moisture and dust? 
 

Yes No
 

 
Comments: 

 
How do you come in contact with Scania Trucks? (Ex. driver, mechanic, purchaser etc.) 

 

Thank you for your help // David & Joel 

 


