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Abstract 
This Master’s thesis was performed at the Primary Development Dish Care Department at 
Electrolux Major Appliances Europe, Stockholm, Sweden. The main objective of the thesis has 
been to study the feasibility of possible solutions for the door of a new dishwasher. 
 
This thesis has been a part of a bigger project and the task has been to develop different product 
concepts and design a physical solution addressing the feasibility of the concept. The work has 
been performed according to Electrolux’s working process: Product Management Flow (PMF) 
with an intention to develop products according to the customers’ wishes and problems. 
 
During the work knowledge about the consumer, technical aspects of dishwasher components 
and materials have been collected. For the door and its components, sub problems have been 
identified. On the basis of this, several solutions have been proposed for component’s sub 
problems. For the door this has resulted in two concepts made in Catia with drawings ready for 
prototype making in SLS (Selective Laser Sintering, 3D models from CAD files) with a working 
moving mechanism, dampening, lock and self-opener. 
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Sammanfattning 
Detta examensarbete har utförts på primärutvecklingsavdelningen för diskmaskiner på Electrolux 
AB i Stockholm, Sverige. Huvuduppgiften har varit att ta fram det fysiska utseendet och 
lösningar för två delar till en ny kompakt diskmaskin, dörren och en komponent som på grund av 
sekretess inte kan nämnas. 
 
Examensarbetet har varit en del av ett större projekt där uppgiften har varit att ta fram det fysiska 
utförandet av koncept som varit på idéstadiet. Arbetet har utförts enligt Electrolux arbetssätt: 
Product Management Flow (PMF) där huvudtanken är att ta fram produkter som motsvarar 
kundens önskningar och problem. 
 
Under arbetet har kunskap om konsumenterna och tekniska aspekter såsom 
diskmaskinskomponenter och material samlats. De två komponenterna har sedan delats upp i 
mindre delproblem. Utifrån denna kunskap har sedan otaliga idéer arbetats fram för vardera 
komponentens delproblem. För dörren har detta resulterat i två koncept gjorda i Catia där 
ritningarna är klara för att göra prototyper i SLS (3D-modeller i sintrad nylon) med fungerande 
rörlig mekanism, dämpning, lås och självöppning. 
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1 Introduction 
The master thesis is the last course taken in a Master of Science degree and corresponds to 20 
points (20 weeks) of work. This thesis work is done at the Royal Institute of Technology 
(Kungliga Tekniska Högskolan), KTH for a Master of Science degree in Design and Product 
Realization with a specialisation in Integrated Product Development (Integrerad 
Produktutveckling), IPD. 
 
The Royal Institute of Technology (KTH) is Sweden’s largest technical university and is 
located in Stockholm. KTH stands for one-third of all the engineering studies and technical 
research at post-secondary level in Sweden. The number of undergraduate students is 12 000, 
the number of post graduate students is 1 600 and the university has a staff of 3000 people 
[10]. 
 
The Company 

The thesis work was performed at the Primary Development Dish Care Department at 
Electrolux Major Appliances, Stockholm, Sweden. The dishwashing area is a part of 
Electrolux Home Products (EHP) with headquarters in Brussels, which is a world leading 
producer of appliances and equipment for kitchen and cleaning [6]. The Primary Development 
Department of dishwashers forms together with the Product Development and Industrial 
Design Centre, the organization for development of new products. There is also a Materials 
and Simulation Department, CTI (Core and technology innovation), that supports the above 
mentioned departments. 
 
The different activities are located in different countries: Product development is located in 
Nürnberg in Germany, factories in Solaro in Italy and Zarow in Poland, CTI and part of 
marketing organization in Porcia in Italy, Primary development in Stockholm in Sweden. 

1.1 Background 

In May 2006 the Primary Department of Electrolux dish care started a new developing project 
on a compact dishwasher, following the product management flow (PMF), a process focusing 
the product development of new products on consumer needs.  
 
This thesis work is a part of a primary development project whose main target is to verify the 
feasibility of specific ideas that came out of the previous phase1 and are based on consumer 
inputs. The main task for primary development is to solve the uncertainties and deliver a 
product idea or product features, almost ready for the engineering phase, the Product 
Development.  

1.2 Main objectives 

The main target with this thesis work is to define a new design for the door of a compact 
dishwasher and verifying its feasibility. The work is carried out as a part of a primary 
development project and the outcome will be integrated with the further project activities run 
by the primary development team, and later delivered to product development.  
 

                                                
1 The phases are more described in chapter 3 
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Deliverables of the project are product design and verification of the design from both 
technical and usability point of view. In more specific manner this leads to delivering 
specifications, drawings for the parts, a functional prototype with working mechanism, 
indication on materials to be used, production process and preliminary cost evaluation. 
 

2 Project target 

2.1 Specifications 

During earlier stages in the developing process, consumer inquiries have been done and 
different design proposal have been developed in order to address some key factors that are 
relevant to the consumer. The product idea has been defined in the concept phase. The 
feasibility of the solutions has been analysed on a high level, without going into the details of 
the executions.  
 
Since the consumer feedback to the idea was quite positive a decision was made to run a 
feasibility study before freezing the specification of the product. Different areas for the 
development have been identified. One is the door execution. Some specifications were 
already given. They have been taken in consideration as constraints, in this phase of the 
development. The specifications for the door are: 
 

• The door(s) must fit to the outer dimensions of the dishwasher   
• The accessibility to the dishwasher should be good when the door is opened 
• The door must be integrated in the dishwasher 
• The door must withstand the chemicals used in a dishwasher 
• The door should have a water tight seal 
• The door should have a locking system, safe from water leakage 
• The impression of the door, as for the product in general, should be: high quality, 

ergonomic, intuitive and good design. 
 

2.2 Boundary conditions 

To clear out the amount of work in the thesis work, boundary conditions were set. As said 
before (see Main objectives, 1.2) the outcome from the work was going to be continued by the 
primary and product development, thus the main intention of this phase was to verify the 
feasibility not to deliver a product ready for manufacturing. One boundary is that: 
 

• All data that comes out of the project is not intended to suit manufacturing, but to give 
better knowledge of the problem and to have a working prototype. 

3 Method 
In this chapter the method used for product development by Electrolux is being described. 
After that the method used to carry out the project (the thesis work) is described. 

3.1 Electrolux Product Management Flow (PMF) 

Since 2003 Electrolux has been implementing a new working process in the company, 
Product Management Flow (PMF). The PMF process has been introduced as a tool for the 
working process and has the intention to make the company develop products according to the 
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consumers’ wishes and problems (Market-Pull Products [5]) instead of developing Market-
Push Products [5] based on new technologies or ideas coming from people working within the 
company. The facts in this chapter are all taken from an internal Electrolux document [14]. 
 
PMF consists of several steps and each step includes different activities, see Figure 1. Along 
the process there are different checkpoints where the result of the work is presented and 
evaluated and decisions are made on how to go on with the project. 
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Figure 1 Product Management Flow [14] 

 
Product Management Flow (PMF) was used as an aid to carry out the thesis work in a 
structured and methodical way. This thesis work is a part of a product creation process. The 
PMF phase to which the thesis work is mostly related to is the Primary Development. 
According to the PMF the goals for the Primary Development are: 
 

� To find off-the-shelf solutions within innovation themes 
� To find what standardized solutions can be developed to solve future needs for 

the innovation themes 
� To find quick technical solutions to identified problem areas 
� To find what technical solutions are feasible to solve identified needs, and 

what are their risk and cost levels 
The content of the primary development step is shown in Figure 2. 
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Figure 2 Primary Development process [14] 

 
Every phase in the Primary Development process has a list of deliverables, to be obtained 
through some relevant activities carried out during that phase. Between every phase there is a 
checkpoint with decisions if and how to go on with the project. A steering committee is at the 
project initiation appointed to evaluate the progress of the project and the potentials of the 
solutions. 
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A similar approach has been followed during the thesis work and therefore a description on 
every task is presented below.  
 
Pre-Study 

The purpose of the pre-study is to evaluate potential core problems towards a specific 
application. The outcome of the pre-study is a project description that describes the 
application idea. The project is also formulated and evaluated by management, in terms of 
consumer needs, strategic fit and need of resources. 
 
Project Initiation 

The purpose of the meeting is to decide whether to start the Creation of ideas phase. A project 
manager and a steering team for the project are appointed and resources for the project are 
booked. 
 
Creation of ideas 

The purpose of this phase is to screen different solutions to the problem and select the most 
promising ones. The selection criteria and the data are documented and included in the 
product concept definition. Market needs and the market message are analyzed and a project 
plan and organizational structure are created. 

 
Check Point 1: Go / No Go decision 

In this meeting it is decided whether to continue the project, stop the project or initiate a new 
loop of creation of ideas. The decision is made by the steering team. 
 
Solution and verification 

The purpose of the Solution and verification phase is to further develop chosen solutions and 
to verify their technical and commercial feasibility as well as their effectiveness in solving the 
problem. 
 
Check Point 2 

At this check point meeting a decision on whether to continue the project further leading to 
creation of a hardware solution is made. The other alternatives are, either to initiate a new 
loop of solution and verification, or to place the result of the project as a verified idea in the 
idea bank. At this checkpoint it is mandatory to either have solved all core problems or the 
uncertainties have been reduced to an acceptable level. The project proceeds to a hardware 
solution, if the intention is to develop a completely modularized or standardized sub-system, 
or a product. 
 
Hardware and Solution 

The purpose of the Hardware and solution phase is to develop a hardware solution, whose 
functions can be tested on a functional prototype. 
 

3.2 Method of the project 

The method used for the project was very much according to what is described in previous 
chapter. Because the solution to the problem was developed till the point where it was ready 
for prototype making, the Hardware and solutions phase was not performed. 
 
During the project, methods on how to perform different tasks were also used. These methods 
were mostly collected from books describing product development methods and design 
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science. Examples are methods for: brainstorming, concept selection and evaluation and cost 
estimation. All these methods are described in the theory chapter. 
  

4 Theory 

4.1 Product development process 

The product development process is a way how to perform development of a product in a 
structured way [2, 3, 4]. According to Ulrich and Eppinger [5] there are two important issues 
that a company needs to decide on according to product development, the product 
development process and the product development organisation. In this thesis project 
especially the product development process has been of particular relevance. 
 
A product development process is the sequences of steps an enterprise employs to conceive, 
design and commercialize a product and it helps to ensure product quality, plan the 
development project and so on [5]. A common product development process is the generic 

process shown in Figure 3. 
 

 
Figure 3 The generic product development process [5] 

The different phases in the generic process are presented below: 
 
Planning 

In this phase the market opportunity is articulated. For the design aspect the product platform 
and architecture are considered. New technologies are assessed. The output of the planning 
phase is the project mission statement, which specifies the target market for the product, 
business goals, key assumptions and constraints. 
 
Concept development 

In the concept development phase, the needs of the target market are identified, alternative 
product concepts are generated and evaluated, and one or more concepts are selected for 
further development and testing. Industrial design concepts are developed and experimental 
test prototypes are built. 
 
System level-design 

This phase includes the definition of the product architecture and the decomposition of the 
product into subsystems and components. The output of this phase usually includes a 
geometric layout of the product, a functional specification of each of the product’s subsystems 
and a preliminary process flow diagram for the final assembly process. 
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Detail design 

This phase includes the complete specification of the geometry, material and tolerances of all 
of the unique parts in the product and the identification of all of the standard parts to be 
purchased from suppliers. A process plan is established and tooling is designed for each part 
to be fabricated within the production system. 
 
Testing and refinement 

Tests are performed. When doing prototypes there are two variants, alpha (early) and beta 
(later). The alpha prototype is usually built with the same components that are meant for the 
actual product, but not necessarily fabricated with the actual processes. The beta prototype is 
built with components fabricated the actual way, but not necessarily using the final assembly 
process. 
 
Production ramp-up 

Now the product is made using the intended production system. The purpose of the ramp-up 
is to train the work force and to work out any remaining problems in the production process. 
The transition from production ramp-up to ongoing production is usually gradual. 
 
The generic process is most appropriate for market-pull products2. Different products may 
require different development processes. Other kind of products is for example Technology-
Push products, Platform products or High risk products [5]. 
 
Pahl and Beitz also describe aspects of the product developing process. They also point out 
the fact that the process is about going from quantitative to qualitative where each new step is 
being more concrete than the last [2]. 
 
The repetition of working steps is described as the process of iteration. These iteration steps 
are almost always required and occur continuously within and between steps. According to 
Pahl and Beitz [2] the reason for this are that the interrelationships often are so complex that 
the desired solution cannot be achieved in one step and that information is frequently needed 
from a subsequent step. A systematic approach aims to keep the iteration loops as small as 
possible in order to make design work effective and efficient. If the iteration loops are too big 
it would mean that much work needs to be done again if there is a decision to do the loop 
again. Pahl and Beitz [2] describe the development process as process of iteration. 
 
Pahl and Beitz [2] also describe the importance of good decision making between the 
important steps. A general decision-making process is described in Figure 4. 
 

                                                
2 A market-pull product is a product where the development starts with a market opportunity and where 
appropriate technologies are selected to meet the customer’s needs. 
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Figure 4 General decision-making process [2] 

 

4.2 Identifying customer needs 

This chapter is written in order to have an understanding of the work that has been done with 
consumer researches and interviews. The insight in this subject also relates to the intentions to 
work according to PMF (chapter 3), where the company wants to develop products according 
to the consumers’ wishes and problems. 
 
Two expressions that are important in this part of the development process are words as Lead 

users and latent and explicit needs. A lead user is a customer which has certain needs long 
before the majority of the consumers will have it. Latent needs are needs the consumers do 
not know they have. Explicit needs are the same as needs the consumer know that they have. 
If consulting Ulrich and Eppinger [5] the process of identifying customer needs includes five 
steps. 
 
1. Gather raw data from customers 

This is preferably done by interviews. The number of interviews depends on what type of 
result is expected from the analysis and/or research. Ulrich and Eppinger give an example [5]: 
In one project 90 percent of the customer needs was revealed in study after 30 interviews. 
Other ways to collect data from consumers are to use focus groups. Focus groups are a 
discussion with several customers and one moderator. A third way is to observe the product in 
use or watching how customers perform a task for which the new product is intended. 
 
2. Interpret the raw data in terms of customer needs 
This basically means to create a list with translations of the customer statements into 
interpreted needs. One tip when doing this is to have more than one team member doing this 
while different persons can interpret one thing in different ways. Other things to keep in mind 
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are to express the needs in terms of what the product has to do, not in terms of how it might 
do it. Another thing in order to not lose information is to express the need at the same level of 
details as the raw data. 
 
3. Organize the needs into a hierarchy 

When done with the raw data work there is usually a long list of needs. What to do now is to 
grade the importance of the needs. Another thing to do is to mark which needs that are latent 
and which are explicit. 
 
4. Establish the relative importance of the needs 

In this step it is meant to do the tradeoffs. Some needs can not be fulfilled at the same time. 
These tradeoffs can either be done by the team members or with the consumers. The first 
alternative is of course less time consuming and the other is more accurate. 
 
5. Reflect on the result and the process 

In order to not miss important aspects and to see that nothing has been left out, a reflection on 
what has been done is good to have. 
 

4.3 Concept generation 

Concept generation is a phase which starts with a set of consumer needs and results in a set of 
product concepts [5, 2, 3]. Within this phase there are methods for idea-generation [5, 2, 3], 
described later in this chapter, like brainstorming, catalogue searches and combining 
solutions. 
 
Ulrich and Eppinger [5] are describing the process in a five-step way. Methods on how ideas 
are generated are among others described by Pahl and Beitz [2] and Pugh [3]. Some methods 
taken from Pugh [3] that can be mentioned are: Analogy, Brainstorming, Attribute listing, 
Checklists, Inversion and Combination. Other advice, given from Pahl and Beitz [2], is for 
example to search databases and to consult technical catalogues with standard solutions. 
 
According to Pahl and Beitz [2], concept generation is on one hand a very creative process, on 
the other hand, a very structured process. A structural approach to be creative within is often a 
good way to work [2]. Major benefit achieved from this is creation of a better product benefits 
that can be given from this are for example that if the competitors have a better product, that 
has a definite competitive edge in satisfying consumers need. Structured approaches also 
reduce the likelihood of getting problems later in the development process that will be very 
costly. 
 
Normally the concept generation only consumes a small amount of the budget compared to 
the budget requested for the complete development of the product and the investment for 
production. 
 
Ulrich and Eppinger’s five-step method is presented below [5]: 
 
1. Clarify the problem 

To begin with, the team needs to develop a general understanding for the problem and then 
break the problem down into sub problems if necessary. Inputs that are good when doing this 
are the mission statement for the project, the consumer needs and the product specification. 
Ideally the team has been involved both in the identification of the customer needs and in the 
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setting of product specifications. The team member who has not been part of these previous 
parts should become familiar with these results before concept generation activities begin. 
 
2. Search externally 

External search is aimed at finding existing solutions on both the overall problem and the sub 
problems. Things that can be done are to interview lead users. These users maybe already 
have a solution to the problem. More to do is to consult experts, search patents and 
benchmark related products which can have an already working solution to one of the sub 
problems. 
 
3. Search internally 

This means to use the personal and team knowledge and creativity to generate solutions. 
 
4. Explore systematically 

After the researches are done there will probably be several fragments of solutions. A good 
way to combine all this is through a systematic approach of concept classification tree or the 
concept combination table. More on how these techniques work, please see chapter “4.3.3 
Combining solutions”.  
 
5. Reflect on the solutions and the process 

Even though the reflection is placed as the last step, this should be done all the time and for 
every phase. 
 

4.3.1 Brainstorming 

Brainstorming is a method that is often described in the literature. It is probably the most 
widely known and used technique to stimulate idea generation and was developed by Alex 
Osborn in the 1950s [3]. It can be used within concept generation, but is useful in other phases 
as well. Advice is often given on how it should be done in the best way and there are as well 
different methods for how to do it [5]. General suggestions on how to do brainstorming 
according to Pahl and Beitz [2] are presented below. 
 
Pahl and Beitz [2] suggest that the group should not be too small or too large. A number of 5 
to 7 people are ideal. The risk with having too few people is the lack of variety of input and 
when too many, some people can be inactive. The group should also contain as much variety 
of people as possible. This will then give more ideas. To have a set of people that is not 
hierarchically speaking too far from each other is also good for brainstorming. The 
participants should not bee afraid to suggest ideas just because their boss is in the group. 
 
Pahl and Beits [2] give more advice to the person holding the brainstorming. The 
brainstorming leader should not steer the new ideas too much. The reason is because it is 
important that people don’t hesitate to describe their ideas although they in the first place does 
not seem to be useful. The leader should make sure that it is not allowed to criticize others 
ideas during the session. A tip to the brainstorming leader how to make the feeling more 
relaxed could be to start the session by presenting an idea to the group, that in the first place 
looks absurd but that actually can bring something to the product. 
 
More advice given from Pahl and Beitz [2] on how to carry out the brainstorming is to remove 
all inhibitions. More advises are to not criticize any ideas that are being produced by others, to 
try to develop other people’s ideas further, to write the ideas down and to do sketches. The 
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brainstorming should also not be longer than 30-45 minutes. If continuing the session for 
longer it will appear that ideas are being repeated. After the session the ideas should also be 
analysed and evaluated. 
 

4.3.2 Catalogues 

Design catalogues are collections of known and proven solutions to design problems. These 
catalogues should contain quicker and more problem-oriented access to the accumulated 
solution. In the catalogues the most comprehensive range of possible solutions can usually be 
found, or at the very least, the most essential ones, which can be extended later [2]. 
An example of a very comprehensive set of books in this genre is written by Artobolevsky 
[1]. 
 

4.3.3 Combining solutions 

In this chapter two methods will be presented on how a more structured concept generation 
can be done, when having a number of sub solutions. How this is done is described by 
authors, such as Ulrich and Eppinger [5], Pahl and Beitz [2], Pugh [3]. 
 
Error! Reference source not found.Figure 5 shows an example of the concept classification 

tree [5]. In the tree there are several ideas sorted in branches. With this method the team can 
get an overview on how they can solve a specific sub problem for the product, for example 
the energy storage. In this example the team has four solutions to the problem. Some of the 
sub solutions have their own sub solutions. The red line shows one way how to solve the 
Energy storage problem. Of course there is also an alternative to do a tree which contains 
all/several sub problems of the product. 
 
In Figure 6 the concept combination table is shown [2]. In this picture the team has written 
down the sub problems of the product in the first column and the different solutions to the sub 
problems are in the other columns. In this example the product has five sub problems. The sub 
problem “shape” has six possible solutions. The red line shows one alternative on how the 
product can be done, with one solution for every sub problem. 
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Figure 5 Concept classification tree [5] 

 

 
Figure 6 Concept combination table [2] 

 

4.4 Concept selection and evaluation 

Concept selection is a process where the team is trying to choose the best concept(s). In all 
teams there is, implicit or explicit, a method for selecting concepts [5]. Although some teams 
maybe only are working with one concept. Ulrich and Eppinger [5], Pahl and Beitz [2], Pugh 
[3] give examples on how selection can be done. They suggest working in a structured way 
and trying to eliminate concepts that are not good enough. Pugh [3] also writes that the 
process of “generating concepts – evaluating – selecting” can be done in more than one cycle. 
After a selection on some concepts, more concepts can be added. In the two methods concept 

screening and concept scoring (presented below) Ulrich and Eppinger [5] stress the 
importance of evaluating the selection and to consider combining old concepts in to new ones. 
This is also the opinion of Pugh [3]. 
 
Pahl and Beitz [2] are presenting four questions, in their selection matrix, that a concept needs 
to fulfil in order to go further in the developing process. 
 

A. Are the solutions compatible with the overall task and with one another? 
B. Are the solutions fulfilling the demands of the requirements list? 
C. Are the solutions realisable in respect of performance, layout etc. 
D. Are the solutions to be within permissible cost? 
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Especially question A and B are important to be answered with a yes. C and D can require a 
more quantitative approach and can preferably be investigated when the solutions have passed 
question A and B [2]. 
 
Two ways of doing a structured selection [5] are the Concept screening and the Concept 
Scoring. 
 
Concept screening (Table 1) is based on a method developed by Stuart Pugh in the 1980s [3]. 
To begin with the team needs to decide on which criteria the concepts are going to be 
evaluated on. It is also important that concepts are presented at the same level of detail for 
meaningful comparison. Another important thing is to choose a reference concept. All other 
concepts should be compared with this one. Example of a good reference concept can be an 
earlier generation of the product or maybe a best-in-class product which the team members 
are familiar with. The next step is to give every concept a relative score of “better than” (+), 
“same as” (0) or “worse than” (-). This is done for every criterion. After the ranking, marks 
are summarised. The team will now see one or two concepts that are better. Before choosing it 
is relevant to revive the concepts again. “Is it possible that one concept will have a better 
ranking if modified in one way or if combined with another concept?” 
 

Table 1 Concept screening [5] 

 
 
Concept Scoring (Table 2) is a more precise method than concept screening and is therefore 
better used when having a bit fewer (around 4) concepts to evaluate [5]. As in the same way 
done in Concept Screening the team needs to decide on a concept that can be the reference 
concept and they also need to pick the criteria that the concepts are going to be evaluated on. 
After the criteria are selected the team adds importance weight for each of them. Now the 
evaluation starts. For each criteria and concept a rating is given (1 - 5) depending on how 
good it is compared with the reference (1 is much worse than, 3 is same as and 5 is much 
better than). The “weight” and the “rating” is now multiplied with each other and it gives a 
“weighted score” (See Table 2). When all weighted scores are done every concept will have a 
“total score rank”. Now before choosing it is relevant to revive the concepts again to see if 
combinations can be done and so on. 
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Table 2 Concept scoring [5] 

 
 

4.5 Production aspects 

Even though this thesis work may be done in an early stage of the product development the 
production aspects are still of importance when looking at the result and when evaluating 
concepts and so on.  

4.5.1 Estimating cost 

One of the difficult and yet important tasks for an engineer in developing a new product is 
estimating the production cost. It is important to generate a cost estimate as early in the design 
process as possible [4]. 
 
According to Ullman [4] the cost of a product is divided into two parts, direct cost and 
indirect cost. The definition on direct cost is: the costs that can be traced directly to a specific 
component, assembly or product. All other costs are called indirect costs. Figure 7 shows an 
example in what categories the list price (the price the consumer pay) can be divided into 
according to Ullman [4], even though every company can choose its own terminology for this 
task. 
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Figure 7 Product cost breakdown [4] 

 
All the parts shown in Figure 7 needs to bee considered if calculating the price.  
 
The cost of Injection-Molded Components 

Depending upon the needs for specific component design, plastic injection-moulding is a 
commonly used process. The method allows good amount of flexibility in shape and size. 
And over a certain volume can be cost-effective [4]. 
 
Some of the factors that affect the cost are the raw material cost, the major dimensions, what 
tolerance are required and what surface finishes is required. Beside the major dimensions it is 
also important to know the thickness and component complexity in order to determine the size 
of the moulding machine needed, the time it will take the components to cool sufficiently for 
ejection from the machine and the number of cavities in the mould [4]. 
 
An example of the cost producing a plastic part is given in Figure 8. For this particular 
example the wall thickness was 3.2 mm. If the thickness would be lowered to 2.5 mm the part 
cost would drop about 18 % primarily because of the time needed in the mold for cooling 
drops from 18 sec to 13 sec. 
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Figure 8 The cost of plastic parts in function of how many produced [4] 

 

5 Fundamentals for project realisation 
The following chapter presents different aspects that were important to investigate in order to 
carry out the project. 

5.1 Designing for manufacturing in plastics 

When designing for plastic-mold there are some things that need to be considered. A number 
of suggestions are presented below [19]. 
 

• Avoid material accumulations and aim for uniform thickness. 
• Avoid flow restrictions. 
• Design wall thickness as thin as possible and only as thick as necessary. 
• Use ribbing instead of greater wall thickness when extra stability is required. 
• Do not do 90° angles but provide radiuses on edges instead. 
• Avoid flat areas. 
• Provide release draft3. 
• Avoid undercuts4. 
• Do not design greater precision than required 
• Gate/inject mouldings on the thickest wall 

 
These suggestions are preferably explained with pictures. Figure 9 shows how a part can look 
like in order to get a uniform thickness. Figure 10 shows one incorrect and two correct ways 
on how to do angles. The two correct ways show how the 90° angle is taken away. Figure 11 
shows the basic thinking on how the part is designed so that it can be easily ejected from the 
mold tool. 
                                                
3 A small angle making it easier push out the plastic part from the mold tool. 
4 An undercut is an edge or angle in the plastic part which holds the plastic part back when the part is pushed out 
from the form which it is molded in. If it has undercuts, the molding-form needs to be able to change its shape in 
order to release the angle. This makes the molding-form more expensive.   
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Figure 9 Example of uniform thickness [19] 

 
 

 
Figure 10 Alternative how to avoid 90° angles [19] 

 

 
Figure 11 Draft angles [19] 

 

5.2 Fundamentals of dishwashing machines 

In order to have something to compare with when evaluating the results and to understand the 
challenges in developing this new compact dishwasher, the fundamentals of dishwasher is 
described here with the facts taken from internal document at Electrolux [20]. 
 

5.2.1 Different models 

 
Considering the European dishwashers market today there are three different sorts of 
dishwasher machines delivered by Electrolux:  

• compact dish washers (Figure 12) 
• 45 footprint dishwasher (Figure 13) 
• 60 footprint dishwasher (Figure 14) 
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Figure 12 Compact dishwasher 

 
Figure 13 45 footprint 

dishwasher 

 
Figure 14 60 footprint 

dishwasher 

 
Within these three categories, there are built-in or free-standing models. A built in model can 
be categorized as integrated or fully integrated and the free standing models can either be free 
standing or built under. See more details about this below. 
 
Within the categories of dishwashers there is often a variation of capacity, meaning how big 
of a load the machine can take. The capacity is measured in settings. According to the size of 
these three models they normally take 6 to 12 place settings. A place setting consists of three 
plates in different size, one glass, one fork and knife, three spoons in different size and one 
coffee cup with a small plate 
 
Some example of different format can be found below in Figure 15 - Figure 19 
 
Compact dish washers / Bench top models. 
This model is a smaller model of 
dishwashers that can be placed on top of a 
bench/counter or similar. These models 
often have measures about: 
Height × width × depth = 45 × 50 × 50 cm 

 
Figure 15 Compact Dishwasher 

 
Freestanding models. 
This is the most common type. It has an 
own top, meaning it does not have the 
same top as the rest of the kitchen. The 
plinth is also not the same as the rest of the 
kitchen. The normal measures are: width 
45 or 60 cm. Height is normally 82 cm. 
  

Figure 16 Freestanding model 
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Freestanding model – built under. 
The thing that differs this one with a 
normal freestanding is that the plinth can 
for this one be as the same as the rest of the 
kitchen. It also has the same top as the rest 
of the kitchen 
 

 
Figure 17 Freestanding – built under 

 
Built In - integrated. 
This model has the same top and plinth as 
the rest of the kitchen. Also the front has 
the same panel as the kitchen, but the 
control panel which is still on the front is 
not in the same style as the kitchen. 
 

 
Figure 18 Built in - integrated 

 
Built in – fully integrated. 

This model has all what the integrated has 
but the control panel is now not on the 
front of the door, but on the on the top side 
of the door. This makes it having all the 
same panel as the rest of the kitchen. 
 

 
Figure 19 Built in – fully integrated 

 

5.2.2 Design of a dishwasher and components 

A typical normal dishwasher contains different components and parts. The dishware is placed 
in a wire rack, called basket. Normally there is an upper and a lower one. Under each basket 
there is a spray arm, rotating and spraying water on the dishware. The detergent and the rinse 
aid are normally portioned in dispensers in the door. The detergents used in dishwashers are 
often more aggressive then hand-washing detergents. The rinse aid is a chemical used to 
prevent water being left on the dish ware when drying. It also prevents getting spots on 
glassware as water drops are not drying on the glasses, but rinsed of. In the bottom part of the 
dish washer there is a filter. The filter normally consists of a flat filter (filtering bigger 
particles) and a fine filter (filtering smaller particles). In a dishwasher there is normally also a 
salt dispenser. The dishwasher salt is used to recharge the built-in ion-exchange water 
softener in the dishwasher. If the dish washer is used in an area with soft water, the salt is 
never used and does not have to be refilled. In Figure 20 the different areas and parts of a 
dishwasher are shown. 
 



 

 29 

 
Figure 20 Components in a dishwasher [22] 

 

5.2.3 Dishwashing process 

A dishwasher normally has several programs which are composed of different phases: pre 
wash, main wash, two or three rinses and drying. Depending on the program (for example 
ecological program or fast program) the number of included phases and the length of the 
different phases can be different. 
 
The pre wash is not present in all the programs and it can be selected by the user, during the 
pre wash the bigger residual particles of the soil and food are washed away. This is done with 
cold water and normally without detergent. The main wash is a mandatory phase. During the 
main wash all soil and food remained should be removed. This phase duration is about 10-15 
minutes plus the time for heating the water to the proper temperature. 
 
The rinsing phase is mandatory as well. A cycle contains normally of three rinses but in some 
there are only two. The first two rinses are cold rinses and the last one is hot rinse. During last 
rinse also rinse aid is added in order to increase the water run off and speed up the drying. The 
last step is the drying. The hot water in the last rinse heats up the dishware and helps drying. 
  
The dishwasher also uses heater elements that are activated in short pulses to get a good 
heating temperature. To get rid of the humid air there are three main solutions. Either the 
humid air is condensating on the tub surface as the machine is cooling down. In some models 
there can also be a heater in the tub to help this process. Another alternative is that the humid 
air is circulated with a fan sucking the air from the tub and letting it go into a tank with cold 
water acting as condenser and then back to the tub. The third solution, which is not to 
recommend, is to ventilate the humid air out of the machine. 
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In Figure 21 the graph shows the different phases of a cycle, their duration and related water 
consumption and temperature trend. 

 
Figure 21 Washing cycle [15] 

 

5.2.4 Dishwashing versus hand washing  

Some researches done in the past have highlighted that dishwashing have several advantages 
when compared to hand washing, not only in terms of saving time. The most relevant 
advantages that can be given amongst others are the following: 
 

• Savings in water consumption 
• Saving in energy consumption 
• More hygienic with a dish washer 
• Time saving 

 
Below, two examples are given. The first example is done comparing when a four person 
family manually washes the dishes compared with using a full size dish washer. Second 
example shows the water savings when using a compact dishwasher. 
 
Four person family (hand wash vs. full size dishwasher) 

In average a four person family uses 124 pieces of tableware every week. If using a normal 
dish washing machine they would have to wash 4-5 times a week. Depending on the program 
a dish washing machine has a water consumption under 20 litres per cycle, which would give 
the family a 4680 litre water consumption per year. 
 
The approximate energy amount to heat 1 litre of water 1°C is 0,00116 kWh [9]. If assuming 
that the dish washer is washing with a temperature of 55°C and the cold water from the tap is 
5°C, the energy consumption per year will bee 244 kWh. 
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If the family would manually wash the water used would be 805 litres a day if using running 
water and 356 litres if using a bowl. Assume that hand wash is done in 45°C. The result is 
then: 
 
29200 litres of water / 1016 kWh per year if washing with running water and 12775 litre of 
water / 444 kWh per year if using a bowl. 
 
Hand wash vs. compact dishwasher 

The second example is taken from a study made by Bonn University in Germany [23]. The 
results state that the average water consumption when washing 12 settings is 80 litre when 
hand washing. An average compact dishwasher has room for 4,5 settings and the consumption 
of water per wash is 10 litres. If choosing to wash the 12 settings with a compact dishwasher 
the water consumption would therefore be 26,7. 
 
Regarding the energy consumption, there is a benefit if the dishwasher is used in the right 
way. The right way means not to rinse the dishware before putting it in the machine and not to 
use it when only half full. Many people do rinse the dishware before putting it in the machine, 
something which is unnecessary with the more efficient machines of today.  
 
The hygienic aspect is also to be considered. In a dishwasher a higher water temperature can 
be used. That together with more aggressive detergents and longer time makes the machine 
washing more hygienic. 
 

5.2.5 Environmental aspects 

When discussing dishwashers’ environmental aspects, the detergents are often an issue. As 
seen in the above example, in a dishwasher, the consumption of energy and water is reduced 
considerably compared to hand washing (if used in the right way). The two main problems 
with detergents are [20]: 
 

• Surfactants 

The effect of the surfactants is to create a lower surface tension. This is good when 
removing the dirt, especially fat, from the dishware. It is also used in rinse aids to 
prevent water being left on the dish ware when drying and to prevent spots on 
glassware. The effect the surfactants have in nature is that it can give hormone 
disturbances to e.g. fish [12]. Tensides are both used in hand- and dishwasher 
detergents. 

 
• Phosphates 

The phosphates in the detergent make the water softer which makes the detergent 
work better. Phosphates’ effect in nature is that it gives a fertilizing effect where the 
waste water is disposed. Due to this, very large algae blooms occur in the summer, 
when both sun and nourishment are bountiful. 

 

                                                
5 Numbers are taken from internal Electrolux document 
6 Numbers are taken from internal Electrolux document 
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5.3 Competitor and price analysis 

There are many companies producing dishwashers on the market. This chapter contains an 
overview on major players in the industry along with Electrolux. A short summary on the 
price range, sound level and water consumption of different models is also given. The price 
and capacity data are taken from Elgiganten [7] and OnOff [11]. 
 
In 2005 the global production of dishwashers was 18 million. The biggest players on the 
market in this year were Whirlpool (3 700 000 dishwashers), Electrolux (3 200 000 
dishwashers) and Bosch Siemens (3 200 000 dishwashers). Other big producers are  
General Electric (2 020 000) selling in the USA, Maytag (1 090 000) selling in the USA and 
former Merloni (today named Indesit) (900 000) selling in EU [17]. 
 
A short table of data, comparing the different models is given below. The table should not be 
looked at as an exhaustive examination, but as an indication in what range the different 
models are. 
 
Compact: 

Price 2 418 SEK -3 540 SEK (4 595 when “built in”) 
Sound 45 dB(A) - 63 dB(A) 
Water 7 litres / wash -10 litre / wash 

 
Freestanding 45: 

Price 3 195 SEK -4 469 SEK 
Sound 49 dB(A) -54 dB(A) 
Water 13 litre / wash - 16 litre / wash 

 
Freestanding 60: 

Price 1 990 SEK -11 495 SEK 
Sound 46 dB(A) - 57 dB(A) 
Water 13 litre / wash - 19,5 litres / wash 

 
Built in / Full-integrated 60: 

Price 4 495 SEK -8 995 SEK 
Sound 47 dB(A) -51 dB(A) 
Water 12 litre / wash -16 litre / wash 
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6 Project realisation 
In this chapter the results from the different phases are presented. The sub-chapters are 
divided into Pre-study, Creation of ideas, Solution and verification and Hardware and 
solutions. This is according to the phases in the primary development step in the PMF7.  

6.1 Pre-study 

According to the primary development step of the PMF the primary development project 
starts with a pre-study. To get an overall understanding of the product idea, 
investigations in different ways and areas were carried out. 

6.1.1 Collecting knowledge about dishwashers 

To have an understanding for the product, knowledge collection was required. As a fist 
step, reading was done on several fields related to dishwashers, for example the parts of 
the machine, soils and how they are removed, detergents, the dish process, different 
programs, peoples washing habits, how tests are performed and environment aspects. 
 
Compact dishwashers were also analysed to better understand the parts (size, where 
located and so on) and mechanisms for the door, the lock and so on. Experts on the area 
were also consulted where questions could be asked on specific areas. 

6.1.2 Collecting knowledge about material 

During earlier stages a material report had been done. The understanding from reading 
the report was that there were two main suggestions on material (glass and plastics, with 
four main suggestions). Despite the report there were still many uncertainties on which 
material to be used. For example, more investigations needed to be done on several 
plastic materials. To collect more knowledge, material specialists were also consulted. 

6.1.3 Consumer needs 

In order to get consumer insight, one of the things done during the pre-study was to read the 
consumer interviews that had been done during the Consumer Opportunities and the 
Concept Development phases. Interviews, with about 10 different people from three big 
cities in Europe, were analysed. 
 
In the interviews commissioned by Electrolux through a third party, the respondents explained 
their washing up habits and their frustrations and expectations. During some of the interviews 
pictures on two product concepts were shown in order to get feedback on how they liked 
them, where they would place the product in the kitchen, and so on. Comments and 
suggestions on the concepts have been collected as well as their opinion on the best solution 
according to different parameters. All the information has been collected and clustered to 
have an objective evaluation of the ideas. Specific suggestions on how to improve the solution 
have been used as reference for the next phase. 
  

                                                
7 Product Management Flow, described more closely in chapter 3.1 



 

 34 

Conclusions from reading interviews. 

Opinions about the door that could be sorted out from the interviews were: 
• Many respondents mentioned the importance of no leakage from the product. 
• Many respondents also mentioned that they wanted a product that was robust and had 

high quality. 
• The product must be easy to clean. 
• The product must be silent when washing. 
• Some respondents asked for the possibility to have different colours on the materials. 
• Many respondents didn’t want to have the doors transparent because they did not want 

to see the dirty dishes. 
 
These opinions were then later used both to define the product specifications as well as when 
the different concepts were generated and evaluated. 
 

6.1.4 Looking for techniques at the market 

In order to get inspiration and to see if there were available solutions already on the market, 
an in shop observation among different stores was performed. Before the visits in the shops, 
the product was also divided into sub problems. Solutions for these specific problems were 
locked at more closely. Two occasions were spent visiting different stores, and the outcome 
was many pictures, and as well some useful solutions. Moreover an additional benefit of the 
research was to collect attributes on products that make them perceived as more high-end. 
Some examples have been found and some of them are shown in the pictures below. 
 
 

 

Portable CD player: in this product the lid 
covering the CD is self opening at the push 
of a button and the movement is 
dampened. The dampening effect of the 
movement gives the product a high-end 
feeling.

 
 

 
 
 

 
 
 
 

Owen door: when closing 
the door there is a gentle 
resistance just before fully 
closing. It gives a nice 
feeling and an assurance 
that the door is really 
closed.
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Juice mixer: This product 
has a lock function that is 
snapped on outside of the 
lid. 

 

 

A snap lock on a rucksack: The clicking 
sound when closing gives an assurance that 
the lock is really closed. 

 
 

 

Deep-fry machine: The door on this 
product is self opening when a button is 
pressed.

 

6.1.5 Patent search 

A patent research was made in espacenet [8]. In the first place solutions for the sub problems 
were searched. The outcome from this search was quite poor. It was hard to really specify the 
search on a solution for a door, and the solutions being patented were not general but more 
related to specific details like for example a lock for a car door or a whole compact 
dishwasher and not just a door. 
 
Searches for compact dishwashers gave better result. There were several solutions in different 
markets that were found. 
 

6.2 Creations of ideas 

An important part of the project was the concept generation and evaluation. The intention in 
this phase was to develop as many ideas as possible. Many ideas were generated in the 
brainstorming session, catalogue researches and from the in shop investigations. From these 
numerous ideas three concepts were generated. The concepts were then presented in the 
PCP00 meeting and in a discussion together with a number of experienced people and with 
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the help from a concept scoring matrix, evaluated and selected. After the meeting a decision 
was made to go on with two concepts. 
 
In order to work with the main problem in an easier way, the problem was divided into sub 
problems. The door was divided into: 
 

• Lock 
• Sound 
• How to move the door from open till closed position 
• No leak 
• Moving mechanism 

6.2.1 Brainstorming 

During the thesis work the first brainstorming was done after a few weeks. There were five 
participants and the session took one hour. The outcome was quite good. Many ideas were 
quite general and not so defined but the discussion gave good outputs. The session was 
divided into three parts 
 
Part one 
To begin with the problem was explained for the session participants. After that every person, 
individually had to produce ideas on the problems explained and write or draw their ideas. 
 
Part two 
After part one every person presented their ideas and put them on a black board under 
categories for every solution. 
 
Part three 
In the end of the session a discussion and evaluation was held. Different ideas were further 
developed and others were combined. 
 
A second brainstorming was made after the decision point meeting. In the decision point 
meeting it was decided that some solutions needed to be done in another way. After the 
meeting the problems were presented to two other persons and an idea generation meeting 
was held with them a few days after. The outcome was good. For every solution that needed 
to be changed there were several suggestions about how to change it. 
 

6.2.2 Catalogue researches 

In order to get ideas for the more technical solutions a catalogue book was consulted. The 
outcome from this was very good. The sub problem that was mostly helped from this was how 
to connect one movement to another. Examples that were taken from the book were: How to 
connect a circular movement in one direction to a circular movement in the other direction.  
 

6.2.3 Selection 

The selection and evaluation was done through a discussion with a group of people. The 
criteria that were used in the evaluation were taken from the conclusions from researches and 
interviews done with the consumers. Also a concept scoring matrix was done based on the 
same criteria that were used in the discussion.  
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The criteria that were used for selection and evaluation, and the scoring rate that was used in 
the concept scoring matrix is presented below. The criteria are a product of the knowledge 
from the consumer needs and decisions made at Electrolux. 
 

• No leak (35%) – How secure is the concept from leakages? 
• Good accessibility (20%) – How good can the consumer access the product? 
• Ergonomic (15%) – Is it easy to use? 
• Intuitive and good design (15%) – How easy is it to understand how to use it?  
• Easy to clean (15%) – How easy is it to clean the product? 

 
Criteria as cost and possibility to implement are also important aspects, but were not added in 
the test because the three concepts were considered equal in these aspects. 
 

The ideas were rated from 1 to 5 for each selection criteria:  
1. No possibility to be successful 
2. Little possibility to be successful 
3. Some possibility to be successful 
4. Good possibility to be successful 
5. Very good possibility to be successful 

 

Table 3 Selection matrix 

 
 
The weighed score for each criterion was calculated by multiplying the rated score with its 
corresponding weight percentage. A concept’s total score was composed of the sum of its all 
weighed scores. From this selection a decision was made to go on with two concepts (A and 
B), see Table 3.  
 

6.3 Solution and verification 

The two concepts chosen in the creations of ideas part were during this phase further 
developed and the technical feasibilities were verified. Due to confidentiality nothing from 
this stage can be published. 
 

6.4 Hardware and Solutions 

The final solution that was generated was designed for being prototyped in SLS8. The 
prototype was then to be evaluated with consumers. A recommendation was given to develop 

                                                
8 Selective Laser Sintering, a way to generate 3D forms from e. g. CAD files 
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both concept A and B as prototypes in order to be able to do evaluation between the two. At 
this stage a recommendation was also given to favour the concept A and to give this concept 
further to product development. Due to confidentiality nothing from this stage can be 
published. 

7 Discussion 

7.1 Process 

The result of the project, seen from me as a student, has been very successful. Things I have 
learned and that I profited from are, for example, that I have learned a new CAD program 
(Catia). I have also learned more about the working process and the many questions that are 
included in a developing process. I have also gained experience from constructions work and 
learning what questions are going to come up when working with constructions, e.g. material 
selection (transparency, stain resistance), productions aspects (mould plastic) and prototype 
making (SLS). 
 
Below I will try to present a collection of thoughts regarding the process. I will write these as 
requests. The requests can be seen as directed to myself when doing a similar project in the 
future or to other people reading this report and that are interested in what I learned or that 
want to learn for their own projects. 
 
When starting the project, spend time thinking about how knowledge is going to be built up. 
Try to see what resources are available, e.g. experts, good books, people that can be asked for 
help, other solutions on existing products and so on. It is very important to define a good 
specification for the product. Try to have a good knowledge about the consumers when doing 
this one. Try to include everything that will be of importance and try to sort these things under 
different levels of importance. When starting the phase of creation of ideas it is good to have 
many directions of inputs: look at old products and competitors products, ready made 
solutions, patent research, search catalogues, do brainstorming and try different methods as 
well. It is now important to document all ideas in one way e.g. in a matrix. When combining 
sub solutions, it is good to try to involve other people, to get their inputs and their opinions. 
Try to get many concepts on an idea level/paper level, and evaluate these. Do a selection 
based on the specifications. When doing the selection it is important to have in mind that 
some aspects can affect the ability to realise the concepts, e.g. possible materials, legal issues, 
available components, the opinion of higher opinion makers( e.g. your boos) and so on. E.g. if 
building a concept on an uncertain material, it is good to develop an alternative concept if the 
material does not work. It is also important to remember that it can be good to do things like 
brainstorming, combining solutions, building concepts and selecting concepts more than one 
time. If needed, do them in another round. When developing products there are a lot of 
uncertainties. If building the concept/product on uncertainties, try to have alternatives if the 
uncertain one fails. When making decisions, make them in respect to how sure you are of 
critical aspects such as: materials, legal issues, components and so on. Try to lower the 
uncertainties by reading about material, talking to the supplier and building simple prototypes 
on the way. Developing is all about taking down the risks gradually, from 100% to 0%. It is 
also good to try to be one step ahead when doing things. Try to think of critical things in the 
future that can create problems: how to build/realise the prototype, do the people I work with 
have compatible data, when are people I need help from on vacation and are these people 
sitting in another country, is the budget big enough for the concept I’m creating, is it possible 
to realise the concept regarding production, cost, material, technical solutions. 
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7.2 Product 

When evaluating the product, the product evaluation should be done according to the 
specifications. The concept developed corresponds to the specifications such as: good 
accessibility, integrated in the dishwasher and withstands chemicals used in a dishwasher. The 
specifications such as: have water tight seal safe that prevents water leakages and appropriate 
materials depend very much on the question of whether or not the selection of material will 
withstand the requirements. 
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