
 
 
 

Plush Plate Alternatives 
New solutions for vacuum cleaner nozzles 

 
 
 
 

Hanna Svensson 
 
 

 

Master of Science Thesis MMK 2007:69 MCE 145 
KTH Industrial Engineering and Management 

Machine Design 
SE-100 44  STOCKHOLM 

 

 



 



 
 

 
 

 Master of Science Thesis MMK 2007:69 MCE 145
 

Plush Plate Alternatives – New solutions for 
vacuum cleaner nozzles 

 

   
  Hanna Svensson 

 
Approved 

2007-10-31 
Examiner 

Lars Hagman 
Supervisor 

Jenny Janhager 
 Commissioner 

Electrolux AB 
Contact person 

Jonas Beskow 

 
Abstract 
This Final thesis was performed at Electrolux Floor Care and Small Appliances AB in Stockholm 
in their primary development department. The purpose with the project was to find an alternative 
for today’s plush plate, placed on the vacuum cleaner nozzle, whose function is to pick up hair 
and fiber mainly from carpets. 
 
The Electrolux development process, the Product Creation Process, was used throughout the 
entire project with minor adjustments to fit the time plan and size of the project. Initially a study 
was made of the Electrolux vacuum cleaner nozzles to get a basic understanding of how a 
solution could look and how it could affect the dust pick-up capacity of the nozzle. A 
brainstorming session was executed and 11 suggestions for ideas were created. After this a 
number of tests where performed, both material- and shape-oriented ones. A number of the more 
promising concepts that was developed further will be excluded from this thesis due to patent 
issues.  
 
Concepts was developed and evaluated with help of the methods that are being presented in the 
beginning of this thesis. This finally led to two concepts of which a number of prototypes were 
constructed and tested. 
 
The final solution proved to function well in tests. From the beginning it was meant to be two 
solutions developed from the two final concepts. The company that was supposed to deliver one 
of them could not do so within the time limits and this led to the fact that this concept could not 
be tested and evaluated within the timeframe of this project. The concept proved to be so 
interesting though, that it was decided to go on with further testing both on this concept and the 
other one. 
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Sammanfattning 
Detta examensarbete utfördes på Electrolux Floor Care and Small Appliences AB i Stockholm på 
deras primärutvecklingsavdelning. Syftet med projektet var att ta fram ett alternativ till dagens 
plysh-plattor, placerade på dammsugarmunstycket, som har som funktion att ta upp hår och fibrer 
från, i första hand, mattor.  
 
Electrolux utvecklingsprocess, Product Creation Process, användes genom hela arbetet med några 
mindre anpassningar. Initialt gjordes en undersökning av hur Electrolux munstycken fungerar 
idag för att få en grundläggande förståelse för hur en lösning skulle kunna se ut och hur den 
skulle kunna påverka dammupptagningen. En brainstorming gjordes och ungefär 11 idé-förslag 
togs fram. Därefter påbörjades tester av både material- och formberoende lösningar. Flera av de 
mest lovande koncepten som sedan utvecklades kommer att utelämnas ur denna rapport då 
uppgifterna ansågs som känsliga på grund av eventuella patentansökningar. 
 
Koncepten togs fram och utvärderades med hjälp av några av de metoder som presenteras i 
början av detta arbete. Detta ledde slutligen till två koncept av vilka ett antal prototyper 
tillverkades och testades.  
 

Den slutliga lösningen visade sig fungera bra i tester. Det var från början meningen att det skulle 
vara två lösningar utvecklade från de två slutkoncepten. Dock kunde inte det företag som lovat 
producera den ena lösningen leverera i tid och detta gjorde att detta koncept inte kunde testas och 
utvärderas inom ramen för detta arbete. Konceptet i sig var dock så intressant att vidare tester 
skall utföras både på detta och på slutkonceptet. 

 

 



 



Preface 
This master thesis is the last step to get my Master of Science degree in Design and product 
development with specialization towards Integrated Product Development (IPD).  Design and 
product development was a new program on KTH and started in 2003. The purpose with it is to 
exam engineers that will work as a link between different groups in the product development 
process. Most courses were given in project form and interaction and communication was a high 
priority.  
 
The IPD specialization is based on theory and training in real product development in 
cooperation with industrial companies. The major part of the education is aimed at teaching the 
students to work in an integrated, structured and organized way.   
 
I would with this acknowledgement want to thank the persons which have helped me during these 
20 weeks of work with my final thesis. So, thanks to Jonas Beskow, Johann Zita and Andreas 
Pohl for your guidance, support and inspiration during your supervision. I would also want to 
thank the rest of the personal at primary development, Fredrik Sjöberg, Stefan Jonsson, Håkan 
Miefalk, Henrik Eriksson and Maria Rydahl, for their help with new ideas and input during the 
course of my project. 
 
Other persons that have been important to make this happen is Bo Pilsmo and Lennart Carlsson 
in the test lab, Dag Ståhlhandske handling patent issues and of course Anders Ekman who has 
supported me in the workshop and always is there with a helping hand.  
 
Finally I would like to thank Jenny Janhager at the Royal Institute of Technology for her input on 
the lay out and content of this report and her ability to make you look at the positive side of 
things. 

 



 

 



 

Table of content 
1. Introduction ................................................................................................................................. 2 

1.1 Background ....................................................................................................................................... 2 

1.2 Main objective ................................................................................................................................... 2 

1.3 Delimitations ...................................................................................................................................... 2 

1.4 Method, Electrolux Product Creation Process ............................................................................... 2 

2. Theoretical frame ........................................................................................................................ 4 
2.1 The product development process ................................................................................................... 4 

2.1.1 Stage-gate .................................................................................................................................................... 4 
2.1.2 Waterfall model ........................................................................................................................................... 6 
2.1.3 Generic product development ...................................................................................................................... 6 

2.2 Idea generation methods .................................................................................................................. 7 
2.2.1 Distant way of thinking ............................................................................................................................... 7 
2.2.2 Brainstorming .............................................................................................................................................. 7 

2.3 Tools for evaluation .......................................................................................................................... 8 
2.3.1 Pugh’s evaluation matrix ............................................................................................................................. 8 
2.3.2 FMEA .......................................................................................................................................................... 9 
2.3.3 QFD ........................................................................................................................................................... 10 
2.3.4 Six Thinking Hats ...................................................................................................................................... 11 

3. Pre-study .................................................................................................................................... 12 
3.1 The nozzle ........................................................................................................................................ 12 

3.2 The plush plate ................................................................................................................................ 13 

3.3 Patents .............................................................................................................................................. 13 

4. Creation of ideas ........................................................................................................................ 14 
4.1 Initial prototypes and tests ............................................................................................................. 17 

4.1.1 Pick-up test of materials ............................................................................................................................ 17 
4.1.2 Pick-up tests of shape oriented solutions ................................................................................................... 21 
4.1.3 Standard testing ......................................................................................................................................... 21 

5. Solution and verification ........................................................................................................... 23 
5.1 The rubber spike concept ............................................................................................................... 23 

5.1.1 Standard test with rubber spike concepts ................................................................................................... 23 

6. Hardware and solutions ............................................................................................................ 24 

7. Conclusions and discussion ...................................................................................................... 24 

References ...................................................................................................................................... 28 

Appendix 1 – Gant scheme ............................................................................................................ 30 

Appendix 2 – Risk analysis ........................................................................................................... 32 

Appendix 3 – Test pictures ............................................................................................................ 34 

Appendix 4 – Patents ..................................................................................................................... 36 

Appendix 5 – Test of solutions and results ................................................................................... 40 



 

1 



 

1. Introduction 
This master thesis was performed at Electrolux Floor Care and Small Appliances AB. Electrolux 
is selling about 40 million products every year in markets like home appliances and professional 
equipment for cleaning and food preparation. Their focus in product development is thoughtful 
design and extensive customer insight. In 2006 the company had about 59 500 employees around 
the world. Home cleaning was their first achievement. They developed their first vacuum cleaner 
in 1912. Last year about 10.3 million full size Electrolux vacuum cleaners were sold around the 
world.  
 
The objective with this master thesis is to develop a  better solution than today’s plush plate on 
vacuum cleaner nozzles, for hair and fiber pick up. The plush plate is the two pieces of 
rectangular fabric that is placed on both sides of the suction hole on the nozzle and has the 
function to pick up hair and fiber. 

1.1 Background  
The background to this thesis was that Electrolux had problems with the standard of the plush 
material used to pick up hair and fiber. They had two types, one that was working well but was 
very expensive and one that did not work as well but was very cheap. 

1.2 Main objective 
The main objective with this thesis is to identify an alternative to the plush used today. The new 
solution should be cheap and effective on picking up hair and fiber. 

1.3 Delimitations 
The delimitations were that the investigation would only handle canister types of vacuum 
cleaners with passive nozzles, i.e. no motor driven ones. It was also necessary that the solution 
was in the same price range as the existing one. 

1.4 Method, Electrolux Product Creation Process 
The Electrolux Product Creation Process, PCP1 is segmented into three major parts: 
Segmentation phase, Consumer Opportunities and Generation and Portfolio Planning. The 
Generation and Portfolio Planning phase is in turn split into three phases: Concept Develop
Primary Development and Product Development. This is a stage-gate model. In each step of the 
process there is a gate that has to be cleared before the work can be taken to the next 

ment, 

level.   

                                                

 
The Segmentation phase is based upon the Electrolux philosophy. It ensures that the real 
customer is always in center when developing new products. In the next phase, Consumer 
Opportunities, concepts and ideas are created based on the information gathered about consumer 
needs and wishes. These can then be passed on either to Primary Development or Product 
Development depending on how “certain” the idea is. Primary Development reduces concerns 
about things like technology and time and Product Development takes the product from concept 
to market launch. Generation and Portfolio Planning secure the value of investments, customer 
opportunities and so on. 

 
1 Product Creation Process – Project deliverable – Final Version 2003-05-23. Electrolux. 
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This project was made at Primary Development which means that the product will not go to 
launch within this phase. The delivery is a prototype and a report. The primary development 
phase is divided into four parts; Pre-study, Creation of ideas, Solution and verification and 
Hardware and solution, see Figure 1. Between each part there is a gate with deliverables that has 
to be approved before moving on to the next step. 
 

Generation and Portfolio Planning

Concept Development Product Development

Primary Development

Product Creation Process

Segmentation Consumer 
Opportunities

CPS CPCO CPCD

PCP1
CP0CP0 CP3CP3PIPI

Primary Development

 
Figure 1: The Electrolux Product Creation Process2 

 
1) The Pre-study is where the idea of the product is described and formulated and an 

organization is decided. A primary patent search and market analysis has to be executed 
and a risk analysis performed. When this has been done the management will decide if the 
project is going to be taken to the next level.   

2) As the name indicates it is in this step, Creation of ideas, solutions to the problem are 
created and evaluated. The selection process has to be documented and included in the 
product concept definition. Also key suppliers need to be identified. 

3) In Solution and verification the chosen concepts are further developed with design 
verification, environmental analysis and quality verification. The result of this phase is 
either a decision to move on and make a hardware solution or that the idea is put into the 
idea bank for possible later use. 

4)  Hardware and solutions include all the necessary activities to make a hardware solution 
that can undergo testing.  

 
The method for this final thesis will follow the PCP-process in general. Smaller adjustments have 
to be made in any project. The Gant-scheme, see Appendix 1, set up as project time plan is based 
on the process and its deliverables for each gate.  

                                                 
2 Product Creation Process – Project deliverable – Final Version 2003-05-23. Electrolux. 
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2. Theoretical frame 
Developing new and successful products are hard, it is not many companies that succeed even 
half of the times they try. It is a huge challenge for every product development team and 
company according to Ulrich and Eppinger [1]. But there are tools to help. In the following 
chapter some of these tools are explained. 
 

2.1 The product development process 
The foundation for every well performed product development project is a good and defined 
product development process. Andersson [2] claims that in order to solve a problem we process 
the information at hand. To be able to move on with the solution we make decisions based upon 
criteria’s, conscious and unconscious. He means that to make the process more effective it is 
important to have structure and make the criteria’s conscious from the beginning to facilitate the 
fact collecting and computer processing. Sowrey [3] states that it is very important to establish an 
effective system for idea creation that contains both the analytical and creative methods that 
effectively produces ideas for profitable, new products. For the process to work the system needs 
to be continuous and systematic and it also has to be suitable for the company. He writes that 
there is no specific solution for this. Every company has to find the process that works for them. 
 
Developing a great product is not easy and there are many different aspects to be taken seriously 
in order to succeed. Ulrich and Eppinger [1] write that trade-off is often necessary and difficult. It 
can for example be to make the product in a lighter, stronger material at the price of highly 
increasing costs. It is also important to be aware that today the technological development is 
improving and changing very fast and it is crucial that every company that is developing products 
bare this in mind and adjust to this fact. The very littlest detail can have a huge impact on the 
products success and economical value. So having a good knowledge of what the costumer 
priorities and what the market demands can mean the difference between a success and a total 
failure [1]. The fast development time and the high demands for increasing profit for the 
company often leads to time pressure within the project. Every new development project also 
means that a great deal of money has to be invested and it is therefore necessary to have a good 
business prospect. 
 
Below a quick easy-to-grasp presentation of a few possible processes to help developing products 
in a more successful way is shown.  

2.1.1 Stage-gate 
The Stage-gate innovation process is divided in a number of steps. Ulrich and Eppinger [1] writes 
that each step is built up from predefined multifunctional and parallel activities. Every new phase 
is preceded by a “gate” where an evaluation of what has been complemented in the previous 
phase is done and a decision is made whether to continue to the next level or to cancel the 
project. This process is usually divided into five steps; Preliminary investigation/scoping, 
detailed investigation/business case, development, testing and full production and market launch 
[4], see Figure 2. It is important that all sections of the company involved are cooperating and 
working side-by-side throughout the project. Arleth [5] says that the gates are extremely 
important and when the project reaches one of them the steering group has to decide whether it is 
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a “Go”, “Kill”, “Hold” or “Recycle”. This works as a quality control and helps the steering group 
to evaluate if the previous phase has reached high enough quality, if the project group is doing a 
good job and if the project still is profitable according to the business plan. These gates also are 
an opportunity to really sit down and look over the project plan to estimate if the company is still 
on the right track.  At this time, depending on the outcome of the gate meeting, resource planning 
within the project and company are also decided. 
 
 
 
 
 
 
     

Figure 2: The Stage-Gate process, after Ulrich and Eppinger [1]. 
 
 Cooper [6] writes that there are seven important principles for a company to follow for 
successful new-product development. These principles should be included as tools in the Stage-
gate process.  
 

Customer focus: For the product to be successful it has to have what the author calls a 
“wow” factor that makes it stand out from other competing products. To be able to make 
these kinds of solutions a company will have to focus on the consumers needs both the 
articulated and unarticulated.  

 
Front-end loading: Front-end loading means do your homework before the project starts. 
The preparations should consist of a fact-based business assessment as well as a technical 
one. This will pay back tenfold if it is done in an appropriate way. 

 
Spiral development: Spiral development is important if a company wants to release 
products that is up-to date and suited for the market. Even though a front-end analysis has 
been done in the beginning of the project things can change. Therefore the development 
team has to get regular feedback from the consumer and adjust their solution after the 
result.  

 
A holistic approach is, in this case, an organization structure that works with cross 
functional groups containing of key players that are involved from the beginning to the 
end of every project.  

 
Metrics, accountability and continuous improvement are important to have, to be able to 
develop within the organization and project groups. Without these factors it is difficult to 
learn from the mistakes. Without proper follow up it is hard to give good feedback.  

 
Focus and effective portfolio management: The author writes that many companies have 
too many development projects going on at ones. Therefore it is hard to have control over 
them all. By starting off with many projects and then eliminating the weak ones via gates 
hopefully the ones that moves on has a better value for the company.   
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A lean, scalable, and adaptable process, the process has to be adjustable depending on the 
type of project. Too much paper work, bureaucracy, meetings and rigid procedures makes 
the product development process rigid and hard to work with.  

2.1.2 Waterfall model 
The waterfall model was actually created by mistake. In 1970 a man named Royce wrote a paper 
which, in the first part, presented a model that was linear and in the second part how to make it 
iterative [7]. By some reason the second part of his report was ignored by most people and 
because the linear model looked like a waterfall it got known as the “waterfall model”. One of its 
most known users today is NASA and they apply it mostly on software development. 
 
Royce’s method is divided into seven steps; requirements specification, design, construction, 
integration, testing and debugging, installation and maintenance. Every phase has to meet the 
demands for the specific step to be moved on to the next one. This is being performed in a strictly 
sequential order and is therefore not an iterative process. The point is that every step should be so 
well performed that there is no mistakes left when moving on to the next phase. This is meant to 
save time since most of the work hours should be in the beginning of the project to avoid faults in 
the process. 
 

2.1.3 Generic product development 
Ulrich and Eppinger [1] writes “One way to think about the development process is as the initial 
creation of a wide set of alternative product concepts and then the subsequent narrowing of 
alternatives and increasing specification of the product until the product can be reliably and 
repeatably produced by the production system.” [1, p.13] The process is a continuous process and 
consists of six steps. At the end of every step there must be a document. For example in phase 0, 
which is the planning phase, the document is a “Project mission statement” This document is the 
foundation for the next step in the process. In every phase the work needed is performed parallel 
between the different functions and the processes for each step are defined. The steps are; 
planning, concept development, system-level design, detailed design, testing and refinement and 
product ramp-up [1]. As seen in Figure 3 and the quote mentioned earlier this is a kind of spiral 
development process where the idea is to start up with a large number of concept and then 
eliminate them one by one based on the criteria in each phase. 
 

 
Figure 3: The Generic product development process, after Ulrich and Eppinger [1]. 
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Every phase in the process has important parts and deliveries [1]. The planning phase includes 
corporate strategy and market objectives. The outcome, the Mission Statement should include 
target market, business goals, key assumptions and constraints. Moving on to the concept 
development phase product concepts are generated and evaluated. One or more of them are 
selected for further development and testing. In this phase it is important to know what the 
preferences for the concepts should be. The specification required should be basically set and a 
financial plan should also be included. In system-level design the idea is to define the product 
architecture and divide it into subsystems for a better understanding of all the specifications 
required. In the detailed design phase the task consists of defining all of the components in the 
product, their measures, material and so on. After that the testing and refinement phase takes over 
and a number of prototypes are built and tested. It is recommended to test the prototypes on 
customers to see if the development is on the right track. The last phase, the production ramp-up, 
makes all the necessary preparations for production and launch.  
 
All of the methods mentioned have a phase where the development  team is supposed to come up 
with new ideas or concepts. There are several organized ways of doing this. The majority of the 
product developers probably have heard of the term “brainstorming” but the word has in many 
cases become synonym with idea generation, like the company name “Rollerblade” that has 
become synonym with all in-lines skates [8]. There are actually many other methods to help 
construct new and existing concepts. 
 

2.2 Idea generation methods 
Lavonen, Meisalo & al. [9] writes that when using a creative problem solving method the point is 
to combine information and an object or phenomena, for example a product or a service, to create 
something that is brand new. When doing this as a group it is necessary to have a leader that has 
the skills to lead it in a good way and also has to be well familiar with the methods that are going 
to be used. The members of the group also have to function well together and have creative 
characteristics in areas like attitude, skills and ability. It is also important that during the 
execution of the idea generation the environment is open and non judgmental. All ideas no matter 
how crazy they sound at the moment could lead to the best solution in the end.  

2.2.1 Distant way of thinking 
The idea with the method, distant way of thinking, is to use an object or phenomena and list its 
characteristics and then use that distinctiveness to develop a totally different object or phenomena 
[9]. For instance use a mobile phone’s characteristics like foldable, can play music, small, shiny 
etc. and apply it to a sports jacket. Make it foldable so it gets really small and easy to pack, make 
it shiny so it is visible for a rescue team if you get lost when hiking for example. 

2.2.2 Brainstorming 
Brainstorming is a common method for creative problem solving [10]. It is executed by gathering 
a group of people, about 5-12 persons, and a leader. After defining the problem the group should 
try to give as many ideas as possible on how to solve the problem. No idea is bad or wrong at this 
stage of the process. The leader has to write all the ideas on a whiteboard or similar so everybody 
in the group can see them. At a later point the ideas are gathered and evaluated.  
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2.3 Tools for evaluation 
To make design principles highlighted and visualized in a context it is very valuable to use 
evaluation methods according to Pugh [11]. The following chapters will highlight four methods 
that can be helpful in product development processes. 

2.3.1 Pugh’s evaluation matrix 
Pugh’s evaluation matrix is used to compare produced solutions with the relevant problem to see 
which one meets up to the set criteria in the most satisfactory way. To do this you list all the 
concepts relative to the criteria. It is preferred that there are sketches and a short explanation to 
every concept in the matrix. When this has been done a datum is chosen. The datum is the 
solution which all the others will be compared to. If there already is a product in use it is 
preferred to use this one as datum to begin with. When the datum is set each concept is given a + 
(plus) if it meets the criteria better than the datum, - (minus) if the datum meets the criteria worse 
than the investigated concept or an S (same) if the criteria are met at the same level for the two 
solutions. An example is shown in Table 1 [11]: 
 
 

Table 1: Matrix after Pugh’s [11] evaluation matrix 
 

Concept  A  B C D Datum 

Criteria           
1   +   ‐  +  ‐ D 

2   +   +  +   ‐ A 

3   ‐   ‐  +  ‐ T 

4   S   +  +  + U 

5   ‐   + S S M 

6   ‐  S S S   

Sum (+)  2  3 4 1  
Sum (‐)  3  2 0 3  
Sum (S)  1  1 2 2  
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When the matrix is done the score for each solution can be evaluated based on how many plus, 
minus and same they got. This is not an absolute measurement but a suitable tool for an initial 
idea on how the concepts are standing against each other [11]. An evaluation matrix can also 
have the function that the criteria’s are weighted [12]. The weight indicates the criteria’s 
importance and is preferably a ratio scale. An example could look like Table 2. 
 

Table 2: An example of an evaluation matrix with weighted concepts [12] 
Sum = Weight*score 

 
    Reference   A   B   
Selection 
criteria Weight  score sum score sum score sum 

1 2 10 20 4 8 1 2
2 3 10 30 6 18 6 18
3 5 10 50 9 45 8 40
4 1 10 10 4 4 6 6
5 2 10 20 1 2 5 10

6 4 10 40 10 40 8 32
      170   117   108

 
 

2.3.2 FMEA 
FMEA, or Failure Mode and Effect Analysis are a tool that should be used during product and 
production development. The purpose is to foresee theoretical fault risks and correct them in time 
[13]. This will help the company to minimize its costs and contribute to effective and better 
process control. To do so every detail, function and process step is evaluated based on “what can 
possibly go wrong” rather than “what usually goes right”. For every risk identified a counter 
action plan is set up. It is important that the FMEA is regularly updated. The method also has the 
advantage of making the possible problems a known fact on the company and therefore makes it 
easier for the entire staff to work against them. An example of FMEA can be seen in Appendix 2. 
It is difficult to do a FMEA on every little part of the product and every step of the production. So 
there has to be some aspects that are more important than others. First of all it is significant to 
analyze aspects that can be a risk for the people making or using the product, this also includes 
law demands. Secondly, formerly known problems have to be considered and of course if there 
are major financial consequences. It is also important that the level of analysis is adjusted to the 
size and importance of the project [13].  
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2.3.3 QFD  
Quality Function Deployment, QFD, is in reality a method in product development, but as a help 
tool the House of Quality is often mentioned [14]. The house of quality is shown in Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: A simplified picture of the house of quality, after Gustavsson [14]. 
 
The purpose of the house is to get a visual picture of the product priorities by filling out the 
matrix between the different columns and rows, for example the relation between product quality 
and importance. The most common relation levels used are weak, medium and strong and they 
are visualized, for example, by a white, grey and black dot. The different part of the matrix has 
different meaning. In the customer demands section a list of what the customer wants the product 
to do is written. This is listed against product qualities, which represents how the company is 
supposed to fulfill these demands. The coincidence is where the two intersect. Here the grade of 
coincidence is visualized by the relations mentioned earlier. This gives an idea of what customer 
needs are met by the product/solution and what parts of it could be improved or what qualities of 
the product is most important if it is still in the development phase. Next to the customer 
demands there are an importance scale. Not all the demands are equally important and are 
weighted against each other. The weighting can for example be done with the Pugh’s evaluation 
matrix. In the market section the company’s existing product are compared to competing 
products on the market and how well they fulfill the customer demands in the customer demands 
section at the right. Is the current product better or worse than the competing ones? The product 
comparison is almost the same thing but here they are listed against the product qualities instead. 
In the how much section technical difficulties and target goals are set up, one important question 
is “what will be hard to achieve in this product/solution”. The “roof” of the house, the correlation 
matrix, is where the qualities of the product affect each other. Gustavsson [14] thinks that this 
part of the house is more of a theoretical tool and does not really lead to any concrete results. A 
positive aspect about the house of quality is that it gives a lot of information quickly.  

Product  
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Product 
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2.3.4 Six Thinking Hats 
The six thinking hats is a technique that helps the group to release themselves from their normal 
way of thinking [15]. It is a way of looking at the problem in different aspects. The idea is that 
there are six different hats, each with a different color and way of thinking connected to it. When 
a person is “wearing” the hat, there actually does not have to be a physical hat, they have to look 
at the problem according to the hat’s way of thinking. Below the six different hats are described 
with their way of thinking [16]. 
 

 
 Yellow hat – Positive logical  Positive, constructive, opportunity, optimism
   
 Black hat – Negative logical   Negative judgment, why something will not  
      work       
 
 Red hat – Feelings and intuition Think with emotions, moods,   
      intuition, 
 
 White hat – Knowledge  Facts, numbers, statistics,    
      information 
 
 Blue hat – Cognitive process  Control, focus, concentrate 
 
 
 Green hat – Creativity   Movement, challenge, creativity 
 
 

The point of this method is to allow all aspects in the evaluation. To be able to see both the strong 
and the weak aspects of the idea makes it possible to improve the flaws and accentuate the good 
things. Since the project member who is wearing the hat is playing a roll it is possible to highlight 
bad aspect of the solution without having to fear a personal confrontation.  
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3. Pre-study 
 
 
 
 
 
 
 

This part of the report will describe the Pre-study, which is the first part of the Primary 
Development product creation process. 

3.1 The nozzle 
There are two major nozzle solutions in Europe and USA today, see Figure 5. In countries with a 
lot of hard floors a canister vacuum cleaner with a hose and passive nozzle is most common. This 
model is very common in Sweden. In countries with a lot of carpeting indoors the upright 
vacuum cleaner, with a motor driven brush in the nozzle, is more widespread. 
 

 
 

Figure 5: Two different kind of vacuum cleaner models, at the left a vacuum cleaner with a hose and passive nozzle 
and on the right an upright model with a rotating brush in the front of the nozzle.3 

 
The products that this work is focused on are the passive ones, i.e. the nozzles that do not have 
any motor. In this product range there are a number of different suppliers, shapes and sizes but 
over all the function is about the same. Pilsmo at Electrolux test lab gave the information that the 
nozzle is a very sensitive area and even the smallest changes can lead to major increase or 
decrease of the nozzle’s ability to pick up hair, fiber and dust. Therefore it is important to be 
aware of these areas of the nozzle when developing new solutions. 
 
In Figure 6 it can be seen that the nozzle has an opening (a) to suck in air and create a 
combination of air flow and vacuum to pick up dust and particles. It has some kind of brush (b) 
or rubber edge to seal the airflow around the edges and protect the hard floors from being 

                                                 
3 Pictures are taken from Electrolux internal database. 
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scratched. In most cases the air canals (c) also has an angled edge (d) to scrape over carpets for 
better deep cleaning. The angle and position of this edge is essential for the dust pick-up ability 
according to Pilsmo. The plush plate (e) is the little rectangular piece of fabric that picks up hair 
and fiber, the same solution exists for clothing brushes. There is also the glide plate, this is the 
underside of the nozzle that is in contact with the floor or carpet if the brushes (b) are not out.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 6. View from underneath and from the side of a passive nozzle 

a

b

c

d

e

3.2 The plush plate 
The solution used today is a strip of plush fabric and the purpose of it is to pick up hair and fiber 
from, in first hand, carpets. This is done by directing the fibers in the fabric in one or two 
directions. This makes it possible for the fabric to pick up material when dragging it in one 
direction and releasing it in the other. One common product with the same solution is clothing 
brushes.   

3.3 Patents 
When searching for patents4 it was discovered that this branch of the industry was quite 
traditional, the search words used was vacuum, cleaner and nozzle in different combinations. 
Most of the patents filed for a new function were on active nozzles, with brush and motor, and 
they all looked rather similar. There were some unorthodox solutions, like a vacuum cleaner 
glove. On the passive nozzles most of the resent filed patents was for industrial design and not 
function. When new concepts were made in the project a checkup was done again so there were 
no patent trespassing made. As search instrument Google Patents and esp@cenet.com were used. 
The company also has patent engineers that made more careful investigation of the concepts 
chosen.  

                                                 
4 www.google.com/patents 
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4. Creation of ideas 
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The work to be executed in this phase was to find a new way of picking up hair and fiber. So the 
idea generation focused on new solutions. In creative problem-solving you combine accessible 
knowledge with objects and get a new result. It is necessary that the environment is open, 
creative and the group is able to see facts and function and has good methods. They have to 
picture the goal, have visions and a free mind. There are many different ways to support the 
creative atmosphere by using idea generation methods. As described in chapter 2.2 one that is 
very well known is Brainstorming, but there are others.  

The work to be executed in this phase was to find a new way of picking up hair and fiber. So the 
idea generation focused on new solutions. In creative problem-solving you combine accessible 
knowledge with objects and get a new result. It is necessary that the environment is open, 
creative and the group is able to see facts and function and has good methods. They have to 
picture the goal, have visions and a free mind. There are many different ways to support the 
creative atmosphere by using idea generation methods. As described in chapter 2.2 one that is 
very well known is Brainstorming, but there are others.  
    
The method used was an assembly of different ones. The first step was to present the problem to 
the assembled group consisting of the steering group and members from the primary development 
department. After that a focus point brainstorming was done. In this case the focus point was 
different ways of moving the hair and fiber from the carpet to “elsewhere”. After about ten 
minutes of idea generation the results was the ones presented in Figure 7. 

The method used was an assembly of different ones. The first step was to present the problem to 
the assembled group consisting of the steering group and members from the primary development 
department. After that a focus point brainstorming was done. In this case the focus point was 
different ways of moving the hair and fiber from the carpet to “elsewhere”. After about ten 
minutes of idea generation the results was the ones presented in Figure 7. 
  

 
 

Figure 7: Generated ideas with Brainstorming 
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Step two was to get a random word from a pile of about 50 different ones5. The participants got 
the assignment to list the characteristics of the word on the paper they got, the method called 
“distant way of thinking” is described in chapter 2.2.1. These characteristics were then related to 
one of the methods listed in Figure 7. After about ten minutes they all passed there ideas to the 
person to the left so this person could develop the ideas further. After this brain exercise 
everybody was “let loose” in a regular Brainstorming and all ideas that came up were listed on a 
white board, see Figure 7. The suggestions were then put together into concept ideas, it came to 
twelve ones and nine of them will be presented here. The other three will be left out due to 
secrecy.  
 
1) Rubber V-shaped strips as shown in the detailed picture to the right, the rubber straws are 
placed side by side to form stripes. These stripes are fastened on both sides of the suction hole as 
shown to the left. 
 

 
 
 
 
2) A solution that reminds of the one for women’s epilators where the axis rotates and the batches 
on it pinches the hair when touching at the bottom and releasing at the top when they have rotated 
180 degrees. 

 
 
 
 
3) A double cylinder where the outer one has holes and the inner one has spikes that fit the holes. 
The cylinders are dislocated so the spikes get pulled in at the back of the outer cylinder. This is to 
release the hair and fibers that the spikes have picked up. 

 
 
                                                 
5 The words were provided from Electrolux and  are commonly used at Brainstorming sessions. 
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4) A comb solution that picks up hair and fiber in one direction and let go in the other. The comb 
can wiggle around its axis. So when the nozzle is dragged backwards the comb at the front fells 
down. When the nozzle is pushed forward the comb is tilted up towards the suction hole and the 
fiber can be sucked in.   

 

 
 
 
 
5) A larger surface with a fabric that can scrape up hair and fiber. 
 

 
 
 
 
6) Small spikes that moves up and down, catches the hair and drags it back up into the nozzle.  
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7) Foam strips that pushes the fibers together and makes it easier for the suction to pull them in. 
 

 
 
 
 
8) Some kind of pinching solution, where the plates get closer together the hair gets stuck 

 
 

9) A material dependent solution as the plush used today. 
 
To be able to evaluate approximately how well they work some testing was done. Very 
mechanically advanced solution, for example number three and eight, was ruled out immediately 
because they would probably be too expensive to manufacture. The testing was done to be able to 
eliminate the concepts that would not work at all. Every concept that worked just a little was 
taken to further more extensive testing.  

4.1 Initial prototypes and tests 
Due to confidentiality the most promising concepts are not presented here. 
 

4.1.1 Pick-up test of materials  
The first test made was of sample materials that was bought from Kuntze6 and was found in 
storage at Electrolux. This was to further develop concept number 5 and 9, a material dependent 
solution. 
 

                                                 
6 http://www.kuntze.se/index.asp?SidID=8 070601 
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This first test, Test 1, which was executed to find out if the materials could pick up hair and fiber, 
was performed on a carpet made of 100% wool. It was tested with long hair, short hair/fiber and 
very fine fiber/dust, see Figure 8. The fiber/hair was put on the carpet and then worked in to the 
rug by hand. The tested material was dragged ones over the area covered in hair/fiber and 
photographed before and after. Every test was then, from the photos, subjectively evaluated by 2 
persons. The tested materials are showed below. 
 
 

1 2 3 

4 5 6 

 
1) P-profile, PVC 
 
2) Plastic threshold, polymer 
 
3) Trim rib, EPDM cell rubber 
 
4) Sponge rubber rib, neoprene 
 
5) Working glove, cotton with latex 
 
6) Working glove, cotton with vinyl dots 
 
7) Clip rib, PVC 
 7 8 9 
8) Ribbed rib, polymer 
 
9) Velcro, regular 
 
10) Left out due to confidentiallity 
 
11) Plush, used as reference  
 
12) Plastic foam 

 

11 10    X 12 
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Table 3: Matrix for test 1, materials was given a score between 1-10 on pick-up performance for long hair, short hair 
and fiber. 

 
Test 1     
 Score (person1/person2)  

Material 
Long 
hair 

Short 
hair Fiber 

Medium 
total 
score 

1 6 / 4 1 / 1 1 / 1 7 
2 9 / 9 4 / 2 1 / 1 13 
3 8 / 5 7 / 4 4 / 3 15,5 
4 6 / 7 3 / 1 1 / 2 10 
5 10 / 8 9 / 9 9 / 7 26 
6 9 / 7 10 / 9 7 / 6 24 
7 9 / 7 8 / 8 3 / 2 18,5 
8 7 / 5 5 / 6 7 / 4 17 
9 9 / 6 9 / 7 8 / 4 21,5 
10 - / - - / - - / - - 
11 9 / 6 10 / 9 9 / 7 25 
12 8 / 6 10 / 9 10 / 9 26 

 
The six materials from Test 1 that got the highest total score, test sample 5, 6, 9, 10, 11 and 12 
highlighted in Table 3, was chosen to move on for further testing. This test, Test 2 was made with 
stripes of these material cut out in dimensions 1*8 cm, see figure 8. 
 
 12 11 10 9 6 5 

 
 
X 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8: The six material samples cut into strips, 1*8 cm. 
 
 Since test 1 was done by dragging the material samples over the carpet by hand this next test was 
performed under more realistic circumstances, mounted on a vacuum cleaner nozzle. A nozzle 
was striped of its plush plates and the hook side of a Velcro fabric was glued on instead. On all 
the test strips the loop side of the Velcro was fastened. Then all the test pieces were fastened one 
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after the other and tested on the same rug as in test 1. There were three spots with long hair, short 
hair/fiber and very fine fiber/dust, for example se Figure 9. 
 

 long hair 
short hair/fiber very fine fiber/dust 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9: Example of the test rug. 
 
The vacuum cleaner nozzle was pushed one time forward and back on each spot. Then the 
amount of hair/fiber left was documented. If a lot had got stuck in the material tested a picture 
was taken of this. The different materials were then again evaluated on how well they picked up 
the hair/fiber and also on how much got stuck on the nozzle. For test pictures see Appendix 3. 
The materials tested are showed below. For material information see the material list connected 
to table 3. 
 
Table 4: Test result for test 2, materials was given a score between 1-10 on pick-up performance for long hair, short 

hair and fiber. 
Test 2      
 Score (person1/person2)  

Material 
Long 
hair 

Short 
hair Fiber Maintenance

Medium 
total 
score 

5 10 / 8 9 / 8 8 / 4 10 / 9 33,5 
6 10 / 7 2 / 7 8 / 6 10 / 9 29,5 
9 10 / 9 10 / 8 8 / 6 1 / 1 26,5 
10 - / - - / - - / - - / - - 
11 10 / 8 2 / 2 8 / 5 10 / 9 27 
12 10 / 9 10 / 8 6 / 3 5 / 7 29 

 
The result was evaluated the same way as in test 1. The three materials with the best score 
highlighted in table 4, the latex glove (5), the vinyl dot glove (6), the secret material (10), and the 
reference material, the plush, was chosen for testing according to Electrolux standard.  
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4.1.2 Pick-up tests of shape oriented solutions  
It was also necessary to test shape oriented solutions. The inspiration for the concepts presented 
below was based on ideas 1, 4 and 7 from the idea generation, see chapter 4. The concepts were 
developed to two different kinds of “comb” solutions named; the rubber spike solutions and the 
plastic comb solution. After testing similar to Test 2, the rubber spike solution continued on for 
further investigation. The plastic comb solution interfered with the airflow in such a degree that it 
could not move on, see Figure 10.    
 
 

 
 

 
 
 
 
 
 
 
 

 
Figure 10: At the left the rubber spike solution and at the right the plastic combs preventing the air from flowing 

 

4.1.3 Standard testing 
The next stage of testing was more controlled. There are a couple of parameters that have to be 
approximately the same throughout the test to be able to decide which hair removal method is the 
best one and these are air flow, nozzle speed/pressure and fiber amount. Also the fiber pick-up 
percentage and time has to be measured in a more exact way. The Fiber pick-up test is made 
according to Electrolux standard and is done with 0,15 g household cotton which is evenly spread 
out, with help of a hole map, over the carpet (standard test carpet, same sort in all test 
laboratories). The fiber is then worked into the rug with help of a heavy metal roller which is 
rolled back and forth five times over the fiber spots, with a speed of 0,5 m/s. The vacuuming is 
done according to the patterns in Figure 11. Every stroke should overlap the previous one with 
about 3-5 cm. The nozzle speed should be 0,5 m/s. The result is measured in the time it takes to 
vacuum up all visible fibers. 
 
 
 
 
 
 
 
 

Figure 11: Vacuuming patterns for standard fiber pick-up test, the left pattern is followed the first time over the 
carpet, and then the right pattern until all the fiber is removed. 
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The Hair pick-up test are performed with 40 cotton threads, about 5 cm long, spread out in a pre-
decided pattern over the carpet with help of a hole map. There are four rows with ten threads in 
each one. The threads are directed in three different angles, 0, 45 and 90 degrees in relationship 
to the lower edge of the carpet. Exactly as in the fiber test the threads are worked in to the rug 
with help of the metal roller. The nozzle is then pushed back and forth one time over each row 
with a speed of 0,5 m/s. The pick-up rate is measured in percentage of picked up threads and can 
therefore vary between 0-100 %. 
 
 There were five concepts that were selected for this testing. It was from the material testing, see 
chapter 4.1.1, material number 5 the latex glove, number 6 the vinyl dot glove, number 10 the 
secret material, number 11 the reference plush material and from the shape oriented testing, see 
chapter 4.1.2, the rubber spikes. A nozzle with an ordinary plush-plate was used as reference 
object. The tests were performed according to Electrolux standard testing for fiber pick-up, 
except for the amount of fiber that was strongly reduced. This was done for the initial testing 
since it showed pretty quickly which solutions were promising and which ones were bad without 
having to do a full scale test. When this test had been made the results were used in an evaluation 
matrix [11], see table 5, along with a number of other aspects to decide which concepts were 
most promising. All the criteria in the matrix were given a weigh-score. The concepts were then 
given a point between 1 and 10 on how well they met up to the criteria. The weight-score and 
point were then summed up and gave a total amount of points on each criterion for each concept. 
 

Table 5: Evaluation matrix based on the materials that moved on for the standard test 
 

Selection criteria Weight  Reference Plush Latex, 
yellow 

Vinyl, 
black 

Rubber 
spikes 

X 

picks up hair and fiber, A 5 10 50 4 20 1 5 1 5 7 35 - - 

low resistant when vacuuming, B 4 10 40 6 24 6 24 9 36 4 16 - - 

easy maintenance ,C 4 10 40 9 36 8 32 9 36 8 32 - - 

price, D 3 10 30 4 12 6 18 6 18 6 18 - - 

defined manufacturing process, E 4 10 40 1 4 5 20 7 28 9 36 - - 

implementation, F 3 10 30 10 30 8 24 8 24 8 24 - - 

      230   126   123   147   161   - 
          5   6   3   1   - 
 
This evaluation ruled out every concept except the Rubber spikes and the secret material. It 
turned out that the vinyl and latex got increasingly bad during the standard test as dust and 
particles got stuck on the surface of the material. Too large pieces of it also made the resistant to 
high. The rubber combs were too soft and also fastened on the nozzle inappropriate and 
prevented air from flowing in a good way.  
 
The rubber spikes came loose when vacuuming and the spikes were spaced to far apart. Apart 
from this the concept was good and it was decided that this concept and the secret one should 
move on for further testing.  

22 



 

5. Solution and verification 
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At this stage of the development two concepts were chosen to be further investigated.   
 

5.1 The rubber spike concept 
To develop the rubber spike concept further, new prototype material based on the same solution 
was collected, see Figure 12. The materials consisted mostly of different animal brushes and a 
rubber broom with v-shaped straws. 
 

 
1. 3. 

2. 4. 

Figure 12: Additional material brought in for testing, at the left different animal brushes, at the right a rubber broom. 

5.1.1 Standard test with rubber spike concepts 
The rubber spikes were spaced too far apart on the initial prototype, figure 10, tested in chapter 
4.1.3, so the new materials had approximately the same solution but with other features, like 
smaller or bigger spikes or more and less dense and so on. The following tests were performed 
with pieces of the material in approximately the same size and shape as the plush and fastened at 
the same place on the mouth piece. A good result in fiber pick-up is around 35 seconds in 
standard testing, and for hair a 100 % pick up rate7. So a result under 50 seconds for fiber was 
seen as a demand for further investigation of a concept. Both the rubber broom and the long and 
short rubber spikes, see samples 1 and 2 in Figure 12, got bad results both in time and very fine 
fiber pick up. The plastic comb, see sample 3 in Figure 12, got a good time (about 40 sec.) but 
when looking closely the very fine fibers where still there, stuck in the carpet. In this first test in 
this test-round the prototype consisted of one cut out row of spikes from sample 3, Figure 12, 
fastened on each side of the suction hole, see Figure 13, however since this concept did not work 

                                                 
7 According Electrolux standard testing for hair and fiber pick-up on passive nozzles. 
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properly it had to be further developed. It moves on because of its good time-result and hair pick-
up percentage (100 %).  

 
Figure 13: Sketch of how the combs was mounted on the nozzle in the plastic comb concept 

 
The concept was tested to have several rows of spikes, instead of one. This was done so the little 
hairs could get stuck in between the bristles. It was also tested to spray the spikes with a rubber 
paint spray to increase the friction but neither of the attempts worked out well. Pictures of the 
concepts can be seen in appendix 5. 
 
In a total five different variations of the comb/rubber dot solution was built and tested and the 
results were listed in a concept testing table, see Appendix 5. In this stage of the investigation a 
more accurate patent investigation was performed, the patents that could possibly interfere with 
these solutions are presented in Appendix 4. None of the patents found was considered to be such 
a big problem that the work could not continue. 
 

6. Hardware and solutions 
Due to confidentiality the final solutions will not be presented in this report. There were two 
different solutions though, one shape oriented and one material based one. The shape oriented 
one was developed from the secret material mentioned in earlier chapters. The material based one 
was developed from a spin off from the rubber spike concept. Both got relatively good test 
results, but the material based solution could not be properly tested since the company that was 
supposed to deliver the final prototype could not do so within the time frame of the project. 
 

7. Conclusions and discussion  
The final solution proved to function with satisfying results in hair and fiber pick-up tests. From 
the beginning it was meant to be two final solution prototypes developed from the two final 
concepts. The company that was supposed to deliver one of them could not do so within the time 
limits and this led to the fact that this concept could not be tested and evaluated within the 
timeframe of this project. The other final prototype was not optimal in its design either. The 
manufacturer was under a lot of time stress so they were not made in the best possible way. 
Despite this I think the results are good enough to be investigated further. 
 
As described earlier there are a number of different methods that are possible to use when 
developing products. The process used at Electrolux, PCP, is a stage-gate one. The point with this 
process is that every step has to be proceeded by a gate where the steps of the previous level is 
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checked and, hopefully, approved. The model is quite structured and it is easy to understand. As 
in most work procedures, it has to be slightly adjusted to fit this project. For example the phase 
following PCP0, Hardware and Solution (see Gant scheme in Appendix 1), had to be delayed. 
The solutions where restricted to two different ways of removing the fiber in PCP00, the gate 
initiating the face Solution and Verification, and two different concepts where developed from 
this. Because of very long delivering times for the prototypes it was not possible to choose which 
one of these concepts that showed most promising results when the time for PCP0 came. A 
compromised version of the PCP0-gate meeting was held anyway and the conclusions made so 
far was presented. During this lead time the work proceeded with documentation and further 
investigation of possible other ways of solving the problem.  
 
All though all of the methods and tools presented in the theoretical frame are developed to 
facilities the invention of new solutions the process is demanding and honestly takes more than 
one person. I found that it was easy to get stuck in the same way of thinking after a while. New 
ideas became lesser the more the project proceeded. This project was for one person but I think 
that almost all projects need more active members to continue to maintain the creativity in the 
development. This was further accentuated by the gate-meetings where a lot of the best ideas 
where created.  
 
A problem with new solutions is the many requirements connected to the nozzle. It has to look 
appealing and safe to the customers. It also has to feel effective when vacuuming. It is important 
that it is easy to maintain, the hair and fiber should not get stuck on the nozzle but get sucked in. 
All of this combined with the fact that the dust pick-up properties cannot be compromised with 
and the price has to be very low makes it a tuff task to handle.  
 
A lot of the early ideas had to be ruled out because they would be to mechanically advanced, that 
is to say too expensive, or too much resistant when vacuuming or hard to maintain. There are also 
the compromise that the solution has to pick up both long hairs and very fine fiber and dust. The 
risk with a solution that picks up small fiber efficiently is that it just clump the hairs together or it 
is too week to hold them. With a solution that picks up long hair the risk is that the small fiber 
passes trough the pick-up surface without sticking to it. For people most in need of a good 
solution, the ones with pets or who has long hair, the sheer amount of hair can clog the pick-up 
surface to the degree it does not pick up the fiber and hair in a good way. Therefore it is 
important not to underestimate the needed size of the surface. This leads to the problem of 
resistant during carpet vacuuming. A large pick-up surface almost always leads to very high 
resistant. Almost any decision made about the nozzle turns out to be a compromise between a 
necessary solution and its consequences. It is therefore very hard to design “the perfect nozzle”. 
 
 
It was also meant to evaluate the final concepts with help of the evaluation methods mentioned in 
chapter 2, Theoretical frame, QFD [14] and Six Thinking Hats [15] but since the prototypes were 
either delivered very late or not at all, this was not possible. 
 
When looking back at this period and what has gone wrong and what has worked out pretty good 
I feel that the risk analysis based on FMEA [13] (Appendix 2) made in the beginning was quite 
accurate. The things predicted to be a problem was the things that turned out to be so for example 
problems with the prototype design and delivery. Despite this it felt at the time as this was things 
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I could not control. Despite all the competence within the company and more than enough time, 
which are factors that were predicted to help with these kinds of problems, the fact is that one of 
two prototypes were not delivered in time. What I have found out from this is to always have 
alternative options for tasks of this importance. Lesson well learned. 

26 



  

27 

 

27 



 

References 
 

[1] Eppinger, S. D., Ulrich, K. T. (2003). Product design and development. New 
York. ISBN: 007-123273-7 

 
[2] Andersson, E. R. (1996). Uppfinnarboken – Om uppfinnandets innersta väsen. 

Malmö: Liber-Hermods. ISBN: 91-23-01763-5 
 

[3] Sowrey, T. (1990). Idéskapande för nya produkter. Lund: Studentlitteratur. ISBN: 
91-44-28931-6 

 
[4] Cooper, R. G., Kleinschmidt, E. J. (2001) Stage-gate process for new project 

success. Innovation Management. 
 

[5] Stage-Gate. http://www.stage-gate.se/stage-gate-produktutveckling.asp, [2007-07-
13] 

 
[6] Cooper, R. G. (March/April 2006). The seven principles of the latest Stage-Gate 

method add up to streamlined, new-product idea-to-launch process. 
http://www.stage-gate.com/downloads/working_papers/WP_23_Formula.pdf. 
[2007-06-25] 

 
[7] The Waterfall Model. http://en.wikipedia.org/wiki/Waterfall_model, [2007-07-03] 

 
[8] Rollerblade, Wikipedia. http://en.wikipedia.org/wiki/Rollerblade, [2007-07-14] 

 
[9] Idea Generation Methods 

http://www.edu.helsinki.fi/malu/kirjasto/lor/main.sv.htm, [2007-05-28] 
 

[10] Brainstorming. http://en.wikipedia.org/wiki/Brainstorming 
 

[11] Pugh, S. (1990). Total Design – integrated methods for successful product 
engineering. England. ISBN: 0-201-41639-5 

 
[12] Decision Matrix. http://www.rfp-templates.com/What-is-a-Decision-Matrix.html, 

[2007-08-16] 
 

[13] Britsman, C. Lönnqvist, Å. Ottosson, S. O. (1993). Handbok i FMEA – Failure 
Mode and Effect Analysis. Uppsala. ISBN: 91-7548-317-3 

 
[14] Gustavsson, A. (1998). QFD – Vägen till nöjdare kunder i teori och praktik. Lund. 

ISBN: 91-44-00820-1 
 

[15] Mind tools. http://www.mindtools.com/pages/article/newTED_07.htm, [2007-07-
14] 

 

28 



 

[16] Picture taken from lecture no. 4 061002, course 4F1901 KTH -06/07, SIT. 
http://www.md.kth.se/edu/mce/4F1901/SIT_other_tools-Sexhattar.pdf 

 
 
 

29 



 

Appendix 1 – Gant scheme 
 
The Gannt scheme is a method for illustrating a plan of work, for example to a project. The 
Gannt scheme below was made on the basis of the Electrolux PCP-process to plan the work 
structure for the 20 weeks the final thesis was ongoing.  
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Riskanalys                     

P
lanerad "sem

ester" 

                        
Uppd. patentkoll                                             
Dokumentation                                             
Fas 2 - PCP00                                             
Testplan                                             
Prototypbygge                                             
Tester av 
prototyper                                             
Designverifikatio
n                                             
Kvalitétsverifikati
on                                             
Miljöanalys                                             
Uppd. 
målformulering                                             
Uppd. 
konceptdefinition                                                 
Uppd. riskanalys                                                 
Kostnadsanalys                                                 
Uppd. patentkoll                                                 
Dokumentation                                                 
Fas 3 - PCP0                                                 
Prototypbygge                                                 
Tester av 
prototypen                                                 
Uppd. 
konceptdefinition                                                 
Uppd. riskanalys                                                 
Uppd. 
kostnadsanalys                                                 
Uppd. patentkoll                                                 
Färdigställ 
dokumentationen                                                 
Slutpresentation                                                 
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Appendix 2 – Risk analysis 
 
A risk analysis should always be made in the beginning of every project to spot possible risk 
factors of the work and suggestions on how to eliminate or decrease that risk. The risk analysis 
presented was made to reduce risks spotted or predicted during the final thesis. 

 

Risk, project Possibility Consequence P*C Measure 

No better solution than today's 4 5 20
Find help with idea generation from the 
company, be open minded for new solutions. 

Difficulties in producing test 
prototypes 4 5 20

Use the competence with in the company 
and Kth. Good planning so there is time. 

Patent trespassing 4 5 20

Be sure to look up what patents are already 
filed on the subject. Use specialist within the 
company 

Difficulties finding proper 
material for prototypes 4 5 20

Use the competence with in the company 
and Kth. Good planning so there is time. 

Lack of time 4 4 16
Good planning and regular updates to the 
Gannt schedule 

Por planning 3 4 12

Follow the PCP process, make a good time 
plan. Regular meetings with tutors on 
Electrolux and Kth 

Lack of knowledge about the 
problem 3 4 12

Use help from people with in the company 
and Kth. Use sources as Internet, library and 
internal reports 

Focusing on the "wrong" 
problem 2 5 10

Have regular meetings to control the 
development 

Communication problems in 
the project 2 3 6 Regular meetings 
Insufficient support from tutor 
on KTH and Electrolux. 2 3 6

Open communication, be open for other 
aspects. 

Absence due to sickness or 
injury 1 2 2

Not much to do except plan for some 
possible delay 

     
Risk, product         
The solution does not have the 
life span needed 4 4 16

Use Electrolux standard testing during the 
development 

Do not pick up hair and fiber in 
satisfactory way 4 5 20

Well performed testing and evaluation. Early 
cut out of concepts not fulfilling the 
demands. 

The new solution becomes 
more expensive than the one 
used today 4 4 16

Focus on simple design an common 
materials, regularly get feed-back on the 
chosen concepts. 

Do not answer to customers 
needs 2 5 10

Make market analysis, feed back trough 
gate-meetings. 

Difficulties to implement the 
solution in the nozzle.  2 5 10

Follow a good test plan. Use knowledge on 
the company. 
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Appendix 3 – Test pictures 
 
The appendix shows test pictures taken after vacuuming over spots of long hair, short hair and 
fiber. The different pictures show the result with different concepts attached to the nozzle. 
 

       
       Vinyl dots     Plush 
 

      
 

       Rubber comb    Velcro 

      
       Rubber dots    Vinyl dots 
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       Vinyl dots     Latex glove 
 

                      
       Latex glove  
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Appendix 4 – Patents 
 
The appendix shows abstracts and patent numbers for patents found that possibly interfere with 
any one of the nine concepts illustrated in chapter 4, Creation of Ideas.  
 
Publication number: BE1015185   
Publication date: 2004-10-05   
Inventor:   
Applicant: NOTEN PATRICK VAN (BE)   
Classification:   
- international: A47L9/02; A47L9/06; A47L9/02; A47L9/06; (IPC1-7): A47L9/02   
- European: A47L9/02; A47L9/06   
Application number: BE20020000651 20021118   
Priority number(s): BE20020000651 20021118   
     
View INPADOC patent family  
View list of citing documents  
  
 Abstract of BE1015185 
  
The attachment comprises a nozzle with a comb at the front and/or rear end and/or inside. The 
comb can optionally be adjusted in order to alter the distance between the comb teeth and or the 
depth of the latter.  
 
Publication number: WO02067747   
Publication date: 2002-09-06   
Inventor: HARRIS DAVID STUART (GB); EVANS BENJAMIN (GB)   
Applicant: DYSON LTD (GB); HARRIS DAVID STUART (GB); EVANS BENJAMIN (GB)   
Classification:   
- international: A47L9/02; A47L9/16; A47L9/02; A47L9/10; (IPC1-7): A47L9/02   
- European: A47L9/02   
Application number: WO2002GB00616 20020212   
Priority number(s): GB20010004675 20010224   
     
View INPADOC patent family  
View list of citing documents  
View document in the European Register   
       
     
 Abstract of WO02067747 
  
A tool (700) for use with a vacuum cleaner comprises a housing having a main air inlet aperture 
(730) for engaging with a surface to be cleaned, an air outlet (701) for connecting to a suction 
hose or wand of the vacuum cleaner and a suction channel (750) extending between the inlet 
aperture and the air outlet. A brush (740) is mounted within the housing for agitating the surface 
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to be cleaned. A bleed air inlet (710) is provided for allowing air to bleed into the suction 
channel. The bleed air inlet (710) is located such that it is spaced from the main air inlet (730) 
and directs towards the distal end of the brush (740), thus subjecting the surface to agitation by 
both the brush (740) and the bleed air. 
 
Publication number: EP0728434   
Publication date: 1996-08-28   
Inventor: TAJIMA TAIJI (JP); KOMATSU SHIGESABURO (JP); SATOU SHIGENORI (JP); 
IWASE YUKIJI (JP); SUNAGAWA MASAO (JP); YAMAMOTO WATURU (JP)   
Applicant: HITACHI LTD (JP)   
Classification:   
- international: A47L9/02; A47L9/02; (IPC1-7): A47L9/02   
- European: A47L9/02   
Application number: EP19940927046 19940914   
Priority number(s): WO1994JP01518 19940914   
     
View INPADOC patent family  
View list of citing documents  
View document in the European Register   
 
Abstract of EP0728434 
  
A vacuum cleaner which does not require rotary brushes and have a main body of suction nozzle 
with silent operation. A gap (suction nozzle) is formed between the front edge pat of the main 
body of suction nozzle and the surface to be cleaned. A suction chamber is formed with a smooth 
and continuous surface shaped in a cylinder defined from the end part of the suction nozzle 
through inside the main body of suction nozzle. By evacuating the air inside the suction chamber 
by suction means, a spiral air flow is generated in the longitudinal direction of the main body of 
suction nozzle, and dust staying on the surface to be cleaned are removed and sucked with high-
speed airflow.     
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Appendix 5 – Test of solutions and results 
 
The matrix shows pictures and evaluation of some of the tested concepts. Following the matrix, 
explanations of how different test concepts have been built are presented. 

trix shows pictures and evaluation of some of the tested concepts. Following the matrix, 
explanations of how different test concepts have been built are presented. 
  

Idea Idea picture picture 

Fiber pick-
up 
capacity 
(Scale Very 
bad-Very 
good; 1-5) 

Fiber pick-
up 
capacity 
(Scale Very 
bad-Very 
good; 1-5) 

Easy 
maintenance 
(Scale Very 
bad-Very 
good; 1-5) 

Easy 
maintenance 
(Scale Very 
bad-Very 
good; 1-5) 

Other Other 

 
Multi 
section 
plastic 
comb, 
rubber 
treated - 
upright 

 

1 4 

Takes a very 
long time to 
pick up the 
fiber, does 
not pick up 
small fiber. 

 
Multi 
section 
plastic 
comb, 
rubber 
treated - 

A) 

laying down 

 

2 4 

Takes a long 
time to pick 
up fiber, 
does not pick 
up small fiber 

Rubber dots 
- short 

 

1 4 

Bad pick-up 
capacity. 
Easy 
maintenance.

B) 

C) 
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Rubber dots 
– long 
 

 

2 4 

Bad pick-up 
capacity. 
Easy 
maintenance.

 
V-shaped 
rubber 
brush 

 

2 4 

Bad pick-up 
capacity. 
Easy 
maintenance.

D) 

E) 

 
Concept design 
 

A) The plush was removed from Electrolux nozzle, metal and plastic was 
removed, see Figure 1. A cut out piece of a Sarvis brush, 1 row and about 20 
spikes, treated with a rubber spray was fastened with glue. To decrease 
resistant and increase air flow pieces of metal were fastened over the hollow 
parts left, where the cut out had been done. 

 

 
Figure 1. Nozzle with metal and plastic removed to be able to fastened test materials. 

 
B) This concept was designed in the same way as concept A but with a piece of 

Sarvis brush with 2 rows and 20 spikes. 
C) “Plush sized” pieces of a pet maintenance rubber dot glow was fastened on a 

nozzle where the plush had been removed. 
D) A strip of a rubber dot glove but with longer spikes was fastened as described 

in C. 
E) The material on this solution is a cut down piece of a rubber broom fastened 

with glue. See figure 11 in the report. 
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