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Abstract 
Electrolux is a worldwide company that develops a wide range of products including 
dishwashers, vacuum cleaners and refrigerators. One range of products is handheld, battery-
driven vacuum cleaners, which constituted 12 % of sold Electrolux vacuum cleaners in Europe in 
June 2010. Today Electrolux enjoys a leading position in Sweden within the area of battery-
driven vacuum cleaners, however they have to continue developing innovative and consumer 
relevant products in order to keep their position. 

The master thesis was performed during fall and winter 2010/2011 and the purpose was to 
develop one to three new, consumer relevant concepts for battery-driven handheld vacuum 
cleaners. The concepts were to take advantage of the new electrical motor technique called 
brushless motors. The outcome is presented in this report, but was also handed over to Electrolux 
as functional prototypes. Along with the master thesis work a report presenting the final results 
was written for Electrolux. 

The project followed Electrolux’ development process for primary development projects which 
consisted of different phases; pre-study, creation of ideas, solution & verification and hardware 
& solutions. The project was performed at Electrolux headquarters in Stockholm during a time 
period of 20 weeks. 

During the phase called Creation of ideas, several support methods were used, such as 
brainstorming, function decomposition and morphological matrix, and the outcome was five 
different concepts. In collaboration with a steering group consisting of competence from 
development, technology and marketing department, two of the concepts were chosen to 
continue to the next phase. The two chosen ones were also basis for the two final concepts. 

The thesis work consisted of finding the concepts consumer benefit, the shape and construction 
for both in- and outside as well as find technical solutions for sub-problems and specify 
components; such as batteries and filters.  

In conclusion the purpose of the project was fulfilled with two consumer relevant concepts of 
battery-driven handheld vacuum cleaners with brushless motors. Furthermore the project gave 
birth to future assignments to make the concepts ready for the market.  
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Sammanfattning 
Electrolux är ett världsomspännande företag som producerar ett stort urval av produkter så som 
diskmaskiner, kylskåp och dammsugare. En produktsort i Electrolux utbud är handhållna 
batteridrivna dammsugare, vilka utgjorde 12 % av den sålda volymen dammsugare i Europa från 
företaget vid mätning i juni 2010. I Sverige har Electrolux en ledande position på marknaden för 
handhållna batteridammsugare, men för att behålla försprånget krävs en ständig utveckling av 
nya, konsumentrelevanta produkter. 

Examensarbetet genomfördes under hösten och vintern 2010/2011 och hade som mål att ta fram 
ett till tre konsumentrelevanta koncept på handhållna batteridrivna dammsugare, vilka skulle 
bygga på den nya tekniken borstlösa motorer. Resultatet presenteras i denna rapport, men 
levererades också till Electrolux i form av fungerande prototyper. 

Projektet följde Electrolux utvecklingsprocess för primärutvecklingsprojekt vilket innefattade 
förstudie, idégenerering, utvärdering, CAD-modellering och bygge av prototyper. Arbetet 
utfördes på Electrolux huvudkontor i Stockholm och omfattade 20 veckors arbete. 

I idégenereringsarbetet användes flera stödmetoder så som brainstorming, funktionsanalys och 
morfologisk matris och arbetet resulterade i fem olika koncept. Med hjälp av en styrgrupp 
bestående av kompetens från både utvecklings-, teknik- och marknadsavdelningen valdes två av 
de fem koncepten ut för att gå vidare i processen. Dessa två koncept förfinades under de 
kommande faserna och låg till grund för projektets slutresultat. 

Arbetet bestod av att bestämma konceptens kundnytta, form och konstruktion - både invändigt 
och utvändigt, ta fram smarta tekniska lösningar på delproblem samt undersöka och bestämma 
ingående komponenter så som batterier och filter. 

Till följd av sekretess skrevs parallellt med examensarbetet en rapport till Electrolux där de 
slutgiltiga koncepten beskrevs. Sammanfattningsvis uppfylldes projektets mål och i 
analyskapitlet presenteras flera möjligheter till vidare arbete med att göra koncepten klara för 
lansering på marknaden. 
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The project in short 

Background 
Electrolux is a worldwide company that develops a wide range of products including 
dishwashers, vacuum cleaners and refrigerators. One range of products is handheld, battery-
powered vacuum cleaners, which make up 12% of the total Electrolux vacuum cleaners sold in 
Europe. Today Electrolux enjoys a leading position within the area of battery-driven vacuum 
cleaners, however they have to continue developing innovative and consumer relevant products 
to keep their position. 

The master thesis was performed during fall and winter 2010-2011 and the purpose was to 
develop one to three new, consumer relevant concepts for battery-powered handheld vacuum 
cleaners. The concepts were to take advantage of the new electrical motor technique, called 
brushless motors. The outcome is presented in this report, but was also handed over to Electrolux 
as functional prototypes. 

Brushless motors are a type of electrical motors which do not use brushes to create a spinning 
motion, but instead electromagnets shifting poles. The technique is commonly used in model 
aircrafts and the motors provide higher efficiency than ordinary brushed electrical motors. A 
brushless motor can either be an inrunner or an outrunner, depending on which part is the 
spinning (“running”) one. Brushless motors are more efficient and less affected by abrasion 
compared to brushed electrical motors; however they are more expensive to produce and demand 
more complex steering devices. 

One limitation for the project was that the design of the motor-fan-packages was not included; 
however two conceptual packages provided by Electrolux were used in the development process. 
Furthermore the project was a primary development project, which meant that the target was to 
deliver concepts and not fully developed products or basis for production. 

Method 
The project followed Electrolux’ development process for primary development projects, which 
consisted of different phases; pre-study, creation of ideas, solution & verification and hardware 
& solutions, separated by gate-meetings. The project was performed at Electrolux’ headquarters 
in Stockholm during a time period of 20 weeks. Due to secrecy, a report describing the final 
concepts and their foregoers was written for Electrolux along with the master thesis report. 

Throughout the project, many different support methods were used; for generating ideas, for 
selection of ideas and for verification. One of the methods that gave a good result was a large 
morphological matrix, mapping up all ideas in small pictures. 

Implementation and result 
The Pre-study-phase was used to scan the market and learn about the existing handhelds. A 
decomposition of a vacuum cleaner’s functions was also performed during the Pre-study-phase. 
A Gantt-schedule was set up to plan the project and a risk analysis was carried out to avoid 
unwanted consequences. During the project, the risk analysis was updated regularly and the 
largest risks complemented with measures to lower the probability for them to occur. 

During the phase called Creation of ideas, several support methods were used, such as 
brainstorming, brainwriting and morphological matrix. Sessions to create ideas were also held 
with both an external group from The Royal Institute of Technology (KTH) and a group of 
colleagues from Electrolux. The outcome of the phase was five different concepts. At a gate-
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meeting in collaboration with a steering group consisting of competence from development, 
technology and marketing department, two of the concepts were chosen to continue to the next 
phase. The two chosen ones were also basis for the two final concepts. 

In the phase called Solution and verification the chosen concepts were taken further by 
visualization in the CAD-program (Computer Aided Design) Catia (Dassault Systèmes, version 
5,17) and by mockups and tests. Investigations concerning components such as batteries and 
filters were also carried out. The investigations included written sources but also discussions 
with experts within Electrolux. The phase was rounded up in a gate-meeting were a decision to 
continue the project was taken. 

The last phase hardware and solutions focused on final design of the concepts and final solutions 
for wanted features. Among others, a solution for cleaning filter was developed and implemented 
in one of the concepts during this phase as well as solutions for charging and easy emptying. In 
the last phase the final prototypes were also completed to enable functional tests; both for 
evaluation from colleagues at Electrolux and for the steering group at the last gate-meeting. 

The outcome of the project was two concepts, presented in a report to Electrolux, as well as in 
functional prototypes. The prototypes were produced with the techniques SLS (Selective Laser 
Sintering) and SLA (Stereo Lithography), which creates plastic components out of CAD models. 
Since the final motor-fan-packages were still very conceptual, motors and fans from previous 
products and model airplane stores were used to enable functional testing of the prototypes. 

Discussion and conclusion 
The absence of the final motor-fan-packages was a limitation that affected the project since no 
exact dimensioning could be done. A consequence of the provisional motor-fan-packages was 
also that the prototypes had to be slightly larger according to the larger motors and fans used.  

The target of the project was not so limited or specified; hence it encouraged free thinking and a 
broad approach. The broad approach opened up for innovative thinking, however the wide start 
also made it harder to find focus in the beginning.  

During the project, the project group identified a possibility to equip one of the concepts with a 
brushed motor just by adding a few centimeters height. The possibility would enable an earlier 
introduction on the market, since no new motor technique is needed. 

In conclusion the purpose of the project was fulfilled with two consumer relevant concepts of 
battery-driven handheld vacuum cleaners with brushless motors. Furthermore the project gave 
birth to future assignments to make the concepts ready for the market.   
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Introduction 
The battery vacuum cleaner market is growing globally and Electrolux has with the Ergorapido 
2in1 and the Rapido handheld range enjoyed a leading position within this area since 2004. 
However competition is increasing and new products are constantly entering the market. To stay 
ahead Electrolux needs to continue delivering innovative, attractive and good performing 
products to the consumers. A new motor technology called brushless motor is starting to emerge 
in the vacuum cleaner department and it has some interesting advantages over the current motor 
designs used, which can open up for new technical layout, design, functionality and usage of 
battery vacuum cleaners. 

Background 
To fully assimilate the master thesis and its target a summary of the technique, market and 
limitations is needed. 

Electrolux 
Electrolux was founded in 1919 as a result of the merger of Elektromekaniska AB and AB Lux. 
Today Electrolux’ products are sold in 150 different countries around the world and the company 
has its headquarters in Stockholm, Sweden. Electrolux develops a wide range of products 
including dishwashers, vacuum cleaners and refrigerators. One range of products is handheld, 
battery-powered vacuum cleaners. 

Handheld vacuum cleaners 
Handhelds constituted 12 % of Electrolux’ vacuum cleaner volume sold in Europe by June 2010 
and Electrolux and Black&Decker are the two largest brands among handhelds in Sweden.  
Structure 
Electrolux has two models of handhelds on the market, Rapido and Liliput. The designs of the 
two products are similar, although Rapido is a more advanced machine with better suction and 
more features. The two models can be seen in Figure 1. 

 

Figure 1 Electrolux’ handhelds Rapido to the left and Liliput to the right. 
A handheld vacuum cleaner consists of different components. The components can vary between 
machines, but the most common components and their use are seen in Table 1. 
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Component Purpose 

Batteries Provide motor with electricity. 

Motor Rotate fan. 

Fan Create suction. 

Mesh filter Filter bigger particles to clean the air. 

Fine filter Filter small particles to clean the air and to protect motor and fan. 

Container Hold debris. 

Inlet Enable suction. 

Table 1 Components in a handheld vacuum cleaner 

The two models Rapido and Liliput have slightly different content and their structure can be seen 
in Figure 2 and Figure 3. 

 

 
 

Figure 2 Structure of Rapido. 

In Liliput the mesh filter and fine filter are combined in a filter sock while in Rapido the mesh 
filter and the fine filter are in the form of two cone like shapes referred to as noses. The purpose 
of the shape is to enlarge the filter area; not to throttle the airflow more than necessary and to 
prevent the filter from being clogged by debris too quickly.  

In Liliput the batteries are placed in front of the fan where the airflow cools them and at the same 
time prevents the filter sock to be sucked into the fan.  

 

 
 

Figure 3 Structure of Liliput. 

Batteries Motor and fan Fine filter Mesh filter Container Inlet 

Motor and fan Batteries Filter Container Inlet 
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Dimensioning factors 
The factors contributing to a vacuum cleaner’s performance are the design of the motor-fan-
package, the suction power and the energy content, which interact with each other. 

The efficiency of the motor-fan-package depends on the design of the fan, the rotation speed of 
the motor and the motors energy consumption. The design of the motor-fan-package restricts the 
maximum airflow possible (when the pressure drop is 0), which together with the total pressure 
drop for the container, inlet and filter media of the vacuum cleaner give the suction power. A 
pressure drop appears when the air sucked in is restricted by e.g. a filter media or narrow inlet, 
which gives a lower pressure in the vacuum cleaner’s container. The suction power (Ps) depends 
directly on the airflow (q) and the pressure drop (Δp) and the dependence is seen in (1). 

 

  (1) 

 

The energy content is the amount of watt hours (Wh) in the batteries, which divided by the 
motor’s energy consumption (Em) gives the runtime (T) of the machine, see (2) 

 

 

  (2) 

Brushless motors 
A brushless motor is a type of electrical motor. Usually, electrical motors have an 
electromagnetic center, called rotor, and permanent magnets in a stator around the rotor. A 
current is transferred to the coil of the rotor through carbon brushes that are placed orthogonally 
to the permanent magnet of the stator, see Figure 4. This creates a rotation of the electromagnetic 
rotor and since the brushes continuously make contact with new parts of the windings the rotor 
will rotate without changing the magnetic field of the coil, this is called commutation. One 
disadvantage is that sparks are created between the brushes and the commutator, which can hurt 
the commutator and cause wear on the brushes (Sandqvist, 2010). When used in vacuum cleaners 
this wear results in carbon dust in the exhaust air which has to be filtered out. Furthermore the 
brush commutation causes electrical noise. By making the commutation electronic the brushes 
can be left out and thereby sparks can be avoided and the construction will be less affected by 
abrasion.  

 
Figure 4 Schematic picture of brushed motor. 
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In a brushless motor the rotor is the one that contains the permanent magnets. There are two 
types of brushless motors, inrunners and outrunners. On an outrunner the permanent magnets are 
mounted in the casing of the motor and this casing is the rotor, in contrast to an inrunner in 
which the permanent magnets are placed in the axle thus the casing does not rotate. An outrunner 
from RCflight.se (2011) is shown in Figure 5. 

The absence of brushes gives the brushless motor different characteristics from the common 
electrical motor. Brushless motors generally have higher efficiency than common electric motors 
and they can be of much smaller dimensions which lead to lower material costs. However, the 
brushless motor is more expensive to produce and also requires more advanced steering devices. 
The only handheld vacuum cleaner on the market that contains a brushless motor is produced by 
Dyson which is the market leader in the United Kingdom. The Dyson motor was developed 
internally within the company. 

 
Figure 5 Brushless motors are commonly used in model aircrafts.  

Target 
The target of the project was to develop one to three new, consumer relevant concepts for battery 
handheld vacuum cleaners. The concepts should take advantage of new brushless motor-fan unit 
designs. The concepts should be described in a report as well as presented to whom it may 
concern at Electrolux. The results of the thesis work should be published by KTH as a written 
report. Prototypes, as functional as the available technology allowed, were to be delivered to 
Electrolux at the end of the project. 

Limitations 
The project was a primary development project which is the first phase in the product 
development. Primary development is the investigation of new technologies for the possible 
creation of new products. The purpose is to reduce uncertainties concerning issues about 
technology and feasibility of such magnitude that it cannot be handled in a product development 
project. The results of the project serve as a decision basis when determining if a concept should 
go through a complete product development process. Since the project was of this kind the target 
was delimited to a conceptual functional prototype. The goal was to develop concepts and 
deliver prototypes that illustrated the functions and technical solutions of the concepts and 
explained the concepts to the receiver in a satisfactory way. The goal was not to produce a final 
basis for production. 

The project did not include design of motor and fan units. Two conceptual motor-fan packages 
provided by Electrolux were basis for dimensioning during the project. 

Since the conceptual packages, intended to be used in the real products, were still very 
conceptual and did not exist physically no attachments or exact dimensioning for motors and 
fans could be done during the project. 
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For prototypes, the project was limited to using existing components such as fans from other 
models and motors available on the market.  

The time available for the project was 20 weeks and the project group limited to Greta Björling 
and Linda Odelberg. The work was performed at Electrolux’ office at Sankt Göransgatan 143 in 
Stockholm. 
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Methods 
Methods serve the purpose to structure the work and to standardize processes. The methods used 
for the project were gained from Electrolux as well as during courses at the Royal Institute of 
Technology in Stockholm and are described in this chapter. 

Organization 
Tonnquist (2007) campaigns several instruments and methods to organize a project, for example 
easy accessed Gantt-schedules, a mixed steering group with representatives from different 
knowledge areas and an easy accessed system where information regarding the project is 
gathered. 

A Gantt-schedule synoptically presents what to do and when to do it; it is an activity plan with a 
timeline. A common way to draw a Gantt-schedule is to use bands and dots to present activities 
and gates/meetings (Tonnquist, 2007). 

Electrolux primary development process 
The Electrolux primary development process is a Stage-Gate-like process which means that the 
process is divided into stages separated by gates (Cooper, Kleinschmidt 2001). It consists of the 
phases pre-study, creation of ideas, solution and verification and hardware and solutions. Each 
phase ends with a gate-meeting to sum up the past phase and establish the plan for the next. 

In the pre-study information about used technology, competition, existing patents and user habits 
are obtained through previously performed studies, literature, market research, patent databases 
and focus groups. Existing products in the segment and segments similar to it from both 
Electrolux and other brands are studied thoroughly. After this a decision whether to start the 
phase creation of ideas is made. 

In the phase creation of ideas methods such as brainstorming, brain writing and morphological 
method are used to generate concepts and solutions to the problem. Simple mockups can be 
made to facilitate visualization. At the end of the phase a steering group meeting will determine 
if the project will continue to the next phase. 

In the phase solution and verification the most promising solutions are further developed and 
more mockups and basic functional prototypes are constructed. If it is found contributing, a 
CAD-model (Computer Aided Design-model) can be created for further visualization. If it is 
possible, the prototypes can be tested during this phase. 

The last phase, called hardware and solutions, is where the final prototype is built and tested. 
The last phase also includes completing the CAD-model, finishing the report of the work done 
and preparing a presentation of the outcome of the project.  

Risk analysis 
To avoid unwanted consequences a risk analysis can be carried out to identify the largest risks. 
Risk analysis can appear in different shapes, but one way to do it is to classify the consequence 
of unwanted events as 1, 3 or 9. The same procedure is then repeated with the probability of the 
unwanted event. The two numbers are multiplied and a risk number acquired. The risk number 
indicates the magnitude of the unwanted occurrences. By following up the highest risk numbers 
with measures, the unwanted occurrences can be avoided or countered. 
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Project initiation 
Before idea generating methods can be used, it is important to fully understand the focus area 
and the complexity of the target. 

Function decomposition 
Function decomposition can be used as a help to focus on functions and solutions of specific 
problems, instead of thinking in complete concepts. When performing a function analysis a 
function is expressed in terms of a verb and a noun, for example “allow lifting” or “fit hand”. 
These functions can be carried out in several different ways and therefore it is important to ask 
what the function should be. To add too much detail to the question too early on by asking how 
the function is to be achieved is not how to do it (Ullman, 2003). The purpose of the analysis is 
to force one to methodically go through all requirements for a specific product so that nothing is 
disregarded. The gathered material will serve as a check list throughout the project (Landqvist, 
2001). 

The main reason why the product should be developed is the overall function, in the case of a 
vacuum cleaner; “cleaning surfaces”. The overall function can be decomposed into sub functions. 
The sub functions can either be ones that are necessary to carry out the overall function or they 
can simply be functions that contribute to creating an attractive, competitive product.  

The functions can be further categorized and ranked. Required functions are necessary to carry 
out the main function. Desirable functions contribute to add value in the product and in this area 
an order of priority has to be made since some functions may compete with each other. 
Unnecessary functions can be identified early on and can be disregarded (Landqvist, 2001). 

Specification of requirements 
A specification of requirements contains and clarifies the goal of the project and it can also 
contain sub-goals that lead to the final goal. The requirements are often directly connected to the 
assignment description (Tonnquist, 2007). According to Tonnquist (2007) a specification of 
requirements are most often done in the pre-study phase of a project, however Ullman (2003) 
highlights that new knowledge and insights often come along which can change the conditions. 
A specification of requirements can be used as parameters when comparing and evaluating 
different concepts. 

Generating ideas 
When trying to come up with new ideas, support methods can be useful. The following methods 
can be used on their own or together.  

Brainfire 
A method called brainfire takes advantage of the brain continuing to work while doing other 
things with the hands. A brainfire starts off with a session where the problem is thoroughly 
examined and background information is shared among the participants. During the session no 
solutions or ideas are to be discussed, but only background information. When the problem and 
its background are clear to all participants, the activity is disrupted and the participants go home 
and carry on with their own activities such as cleaning, driving or working out. The idea is 
planting a seed that starts to spire and leads to new ideas when the participants do other activities 
and daily routines. A brainfire is performed in the beginning of the project and is preferably 
summed up with a brainstorming. 
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Brainstorming 
Brainstorming is a common support method for generating ideas. The term is often used for any 
session where ideas are discussed, but a proper brainstorming has some rules to make the method 
as effective as possible. A brainstorming should consist of three to seven participants and a 
moderator to operate the discussion. It is to be carried out in a neutral environment not to disturb 
the participants. To get the most out of the session no negative comments are allowed and 
furthermore no formal rules or limits are to be followed. The quantity is more important than the 
quality of the ideas and as many ideas as possible is the watchword (Landqvist, 2001). Figure 6 
shows a way to document ideas generated; on Post-its. The functions found in the function 
decomposition can be basis for brainstorming sessions.  

 

 

Figure 6 Output from idea generating methods, documented on Post-its. 

Brainwriting 
A more specific form of brainstorming is called brainwriting or 6-3-5. Six participants are to 
generate 3 ideas or solutions to a problem in five minutes and roughly document them in words 
or images. Thereafter the participants exchange ideas with each other and continue for another 
five minutes on the next person’s paper. The participants are encouraged to be inspired by each 
other’s ideas. The procedure is repeated until everyone has contributed to all ideas and a total of 
108 ideas have been generated.  

Morphological method 
Another method for coming up with new ideas is to create a Morphological matrix. The matrix 
contains all possible solutions to different desired functions, see Table 2, and to further visualize 
the solutions simple symbols can be of help. When all interesting solutions are listed in the 
matrix, new concepts can be invented by combining different solutions (Ullman, 2003). This 
generates concepts that are not as apparent as the ones that are first thought of. 
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Activity Solutions 

Create linear movement Linear DC-motor Pull string Step-motor 

Indicate activity LED Short vibration … 

Attach upper part Snap buckle … … 

Table 2 Example of Morphological matrix. 

Evaluation and selection of concepts 
The support methods for generating ideas create a pool of different ideas, all of different quality. 
To evaluate them and to sort out the best ones methods such as Pugh’s decision making matrix 
can be used. When it comes to concept election methods, one very important foundation is the 
specification of requirements on which the election will be based (Ullman, 2003). A well 
performed specification of requirements can give a useful outcome when making a decision, 
however a poorly performed specification of requirements can give a biased and inaccurate 
outcome, for example if there are too many unimportant criteria in the list (Ulrich and Eppinger, 
2008). According to Ulrich and Eppinger (2008), in a Pugh’s matrix, one concept is chosen as 
reference whereupon the other concepts are rated against the reference with either a “+” (better 
than reference) or “–“ (worse than reference). A zero (0) represents equally good/bad and the 
concepts are compared and rated once for every requirement. The outcome is a matrix which can 
be summed up to compare the total pluses and minuses for each concept. 

In a Pugh’s matrix the requirements can also be weighted to give more important requirements 
larger impact on the result. If the requirements are weighted the plus or minus is multiplied with 
the weight before summing up.  

Visualization 
When forming an opinion about a concept, a mockup can be useful. The connection between 
touch and understanding is deeply instinctual and experiments have found that touch is as 
important as vision for learning and retaining information (Cabrera & Colosi, 2010). 

Mockups 
To create a quick understanding of a shape or design, a mockup is useful. Mockups are rough 
and approximate and take a short time to produce and they are preferably used in the early 
phases of a project to quickly visualize ideas. The mockups can be done in clay, carton and tape, 
foam, paper or anything else able to present a shape.  

SLS modeling 
SLS, Selective Laser Sintering, is a technique to rapidly build prototypes. It is an additive 
method that uses high power laser to fuse, sinter, powder of plastic, glass, ceramic or metal. A 
CAD model is loaded into the steering program and the laser fuses one cross section at a time 
creating the model layer by layer. Since the powder not fused is still surrounding the growing 
shape during the process, there is no need for support structures. SLS is often used to produce a 
model of a product. Since it uses a functional material such as plastic, the model can be used as a 
functional prototype.  
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SLA modeling 
SLA (or SL), Stereo lithography, is another rapid prototyping technique. In this case the building 
material is a liquid UV-curable photopolymer resin. A UV laser beam traces the cross-sections of 
a part on the surface of the resin. When the resin is exposed to the UV laser it is solidified, cured, 
and the model is built up, one layer at a time. SLA models can be polished and varnished making 
it transparent which can be useful when creating prototypes with that property.  

Verification  
To verify the capacity and performance of a vacuum cleaner, several tests can be carried out. 
They can either be tests to acquire data of the performance of e.g. a motor or tests to see how 
well the product carries out its purpose. 

Airflow and pressure 
To measure the suction power for a motor and fan-unit it can be connected to a piece of test 
equipment where airflow and pressure drop is measured. This can be useful when experimenting 
with inlets of different sizes and shapes to review how this affects the airflow and how the 
pressure drop affects the motor.  

It can also be useful to know the pressure drop over filters of varying thickness and density when 
choosing filter medium for a vacuum cleaner. Equipment for such tests is manometers and 
airflow gauge, as well as frames for mounting different filter types.  

A very important factor when setting up an airflow/pressure drop-test is to make sure that there is 
no air leakage during the test. To prevent leakage when for example mounting the motor-fan-
package in the test equipment, clay, plastic dough or other sealing product can be used. 

Test vacuuming 
To see how well the prototype performs its task it can be used as intended to, ergo vacuuming. 
Different substances can serve as debris in the test such as dust, fluff, couscous and lentils. The 
test can show how well and from what distance the inlet takes in debris. It also gives an 
impression of how the product feels to use. 

To record the results from a vacuuming test, photos and film can be used. Before- and after-
photos show the difference a vacuum cleaner can make. Another way to document results is to 
weigh the filters before and after use as well as weigh the dust and debris in the container to get a 
total amount of debris that the vacuum cleaner has collected.  
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Implementation and results 
The project was performed according to the Electrolux Primary Development Process and with 
support from different support methods and knowledge within the company. 

Organization 
To structure the work over the available 20 weeks a Gantt schedule was created, see an overview 
version in Appendix 1. The Gantt-schedule was updated before every new phase begun to keep 
the schedule accurate and up-to-date. 

A steering group was put together to support the project team at the gate-meetings between the 
phases. The steering group included people from different parts of the organization (within the 
department of Floor Care and small Appliances) which according to Tonnquist (2007) gives a 
good balance in the group and furthermore provides support within all parts of the project. The 
steering group consisted of Johann Zita and Fredrik Sjöberg, Primary development, Jonas 
Beskow and Ulrik Danestad, Lab&Tech and Hilda Björkman, Marketing. 

Risk analysis 
To avoid unwanted consequences, a risk analysis was carried out for the project. The risk 
analysis can be seen in Appendix 2. To keep the risk analysis up-to-date, it was revised in the 
beginning of every new phase the project entered. No alarming risk numbers of 81, which is the 
maximum, was identified, but all higher numbers where met with measures to lower the risk or 
consequence. 

Pre-study 
The project started off with a pre-study phase. The phase included studies of the market of 
handhelds, the consumers and a preparatory decomposition of the functions of a vacuum cleaner. 

Market 
To quickly gain a broad and general picture of the product segment Handheld battery driven 
vacuum cleaners and its consumers, a screening of the market was performed. The screening 
included field studies at stores selling the products, discussions with the salesmen at the stores, 
internet search, talking to co-workers at Electrolux and reading consumer investigations 
performed by internet sites. 

The screening showed a wide selection of small handheld vacuum cleaners on the market. They 
ranged from cheap novelty products to high performing premium products for over 2000 SEK 
and a summary of handhelds in different price categories is seen in Figure 7. 
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Figure 7 Selection of handheld vacuum cleaners found on the market. 

The screening also showed, among other things, that the products’ performance most often were 
described with the parameters voltage and weight, both by the salesmen in stores and on the 
internet. Parameters such as energy consumption or suction power were not mentioned often. 

Based on the screening the Swedish market for handheld battery driven vacuum cleaners turned 
out to be lead by Black&Decker and Electrolux. Other brands, such as Centurion and Philips 
were also found, but not as often as Black&Decker and Electrolux.  

A vacuum cleaner-developer named Dyson was the only one that had a handheld vacuum cleaner 
containing a brushless motor on the market, shown in Figure 8. The brushless motor was 
modeled within the company and uses internally developed technology. The motor, called DDM 
(Dyson digital motor) V2, has a speed of 104000 rpm, is 55.8mm in diameter and weighs 139g 
(Bush, 2009). 

 

Figure 8 Dyson’s handheld vacuum cleaner containing brushless motor. 

To estimate the performance of the DDM motor-fan-package, it was separated from a Dyson’s 
handheld vacuum cleaner and connected to the piece of test equipment where airflow could be 
measured, see Figure 9. 
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Figure 9 The Dyson’s motor-fan-package set up for measurement. 

Consumers 
According to Electrolux’ marketing department handheld vacuum cleaners were often used in the 
kitchen, especially in France, and furthermore often to clean up after children and pets. They 
were also mostly used as complement to a larger, canister vacuum cleaner and often used several 
times per day in between deep cleanings. A canister is the most common type of vacuum cleaner 
in Sweden, see Figure 10. 

 
Figure 10 A canister vacuum cleaner. 

Parameters important to the consumers when it came to handheld vacuum cleaners were; price, 
power/effect, quality and run time.  

Function decomposition 
A function decomposition where a vacuum cleaner was broken down into its separate functions 
was performed. The function decomposition can be seen in Appendix 3 and was later used in a 
brainstorming session to generate possible ways to acquire a specific function.  

Specification of requirements 
With the help of the function decomposition as well as the target for the project a set of 
requirements was specified. The specification of requirements can be seen in Appendix 4. The 
approach was broad due to the unspecified assignment; however the most necessary 
requirements were present.  
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PPI 
After two weeks of pre-study gate-meeting PPI (Primary Project Initiation) was held. The most 
important outcome of the meeting was that the purpose and final definition of the target was set.  

Generating ideas 
After the pre-study phase, a creative and exploring phase began. Important rules that 
impregnated the work were that all ideas were welcome and not overruled and that the idea 
generating would not stop until the end of the phase. No early favorites or darlings were allowed. 
To support and give structure to the creative work several methods were used.  

Workshops 
A session was held together with the employees at the department for Primary Development at 
Electrolux Floor Care and small Appliances. It was held on the 21st of October to get a quick 
evaluation of the ideas produced by the project group so far. The main task for the participants 
was to examine sketches of concepts and to write comments with both positive and negative 
feedback. 

Another session with two idea generating methods was carried out at KTH on the 26th of October 
2010 with help from six master thesis students and one fourth year student. The session began 
with a brainstorming session about places where crumbs and dust could appear, and continued 
with a brainwriting exercise. The session resulted in plenty of ideas, see Appendix 5, which were 
brought back to the office and used as input in the idea generating phase. 

Brainstorming 
Although the recommendations for brainstorming states that the minimum number of 
participants in a session should be three people the project group also carried out several 
brainstorming sessions and brainfires within the own group of two people to increase the 
quantity of ideas generated. In the early stages of the Creation of ideas phase the exercises were 
very general and undirected. As the work progressed and knowledge about the technology and 
the problems to be solved was gained the brainstorming sessions became more specific and 
centered on certain areas. The function decomposition was used to identify some areas that were 
suitable for brainstorming and that would generate useful solutions. The areas were: 

- Remove dirt 
- Allow entering of air 
- Filter incoming air 
- Enable emptying 
- Allow cleaning of filter medium 
- Allow use on different kinds of surfaces 
- Accessories  

 
The sessions resulted in several technical and conceptual solutions that could be useful in 
creating the product. An example of the result is shown in Figure 11. 
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Figure 11 Photograph of whiteboard with solutions generated in a brainstorming session 

addressing a certain problem. 

Morphological matrix 
The method called Morphological matrix was used during the idea generating phase to obtain 
new combinations of already invented concepts. To visualize all the ideas the project group used 
pencil and paper as well as the computer program Adobe Illustrator (CS2, v 12.0.0, Adobe). A 
small part of the outcome is shown in Figure 12 and the full matrix is to be seen in Appendix 6. 
 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Figure 12 Part of the Morphological matrix. 

Consumer benefit 
When early concepts were taking shape, they were used as foundation for identifying consumer 
benefits. Consumer benefits are the positive outcome that a product gives the consumer, and by 
defining a distinct consumer benefit the product is more likely to succeed on the market.  Some 
consumer benefits found were; better reach for cleaning on top of for example wardrobes, less 
usage of soggy cloths when cleaning kitchen, vacuum cleaner to replace kitchen paper, easy 
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access to vacuum cleaner whenever needed and stationary self standing suction to pick up for 
example sawdust when drilling. 

Concepts 
After using the above described methods for generating ideas five concepts were found to be the 
most interesting. These were given the work names; Serpentido, Retropido, Magnetica, Good 
Lux and Cuisido, and some of them are described below. Due to secrecy, a report describing the 
final concepts and their foregoers was written for Electrolux along with the master thesis report 
and therefore the concepts Magnetica and Cuisido is only briefly described in this report. 
Serpentido 
Serpentido was constructed with a handle containing battery pack, a bendable shaft and a 
vacuuming unit at the end of the shaft containing motor, fan and dust container. When not used it 
was to be stored on a charging hook. The structure of Serpentido is shown in Figure 13. 

 
Figure 13 Structure of Serpentido. 

The consumer benefit of Serpentido, which is shown in Figure 14, was that it enables cleaning 
where other handheld vacuum cleaners cannot reach, such as on top of, under and in between 
furniture. It could also be mounted in a fundament or fixed using a clamp to work as a stationary 
vacuum cleaner when one is drilling, cutting bread or doing other work that creates debris. 

 
 

Figure 14 Consumer benefits of Serpentido; good reach and mounting for static work. 
Retropido 
Most vacuum cleaners look very efficient and express clearly that they are cleaning devices. This 
appearance may not always fit in with the interior of the consumer’s home and the product is 
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therefore less likely to stand in a visible place and be available at all times. An example of this 
can be seen in Figure 15 below. Retropido had a more classical look and borrowed elements 
from the early models of vacuum cleaners.  

 
Figure 15 The consumer benefit of Retropido. 

When not in use Retropido was to be charged on a plate that resembled the ones used for electric 
kettles. It could either stand on a surface or be mounted with a shelf on a wall. The filter had the 
form of a cut cone, a so called nose, like Electrolux’s handheld vacuum cleaner Rapido. In 
addition it had a device for cleaning the mesh filter without having the consumer touch the layer 
of debris that is formed on the mesh. Figure 16 shows a structural image of Retropido. 

 
Figure 16 Structure of Retropido. 

Magnetica 
Magnetica was designed to clean flat surfaces and served as a stationary vacuum cleaner to be 
used for activities that produce debris. Magnetica was one of the concepts that became basis for 
one of the final concepts. 
Good Lux 
Good Lux was small and its shape resembled a curling stone. Good Lux was designed to always 
be available on for example a coffee-table or shelf, just like Retropido, see Figure 17.  
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Figure 17 Good Lux on a coffee-table. 

To empty Good Lux a button was pressed to open a flap at the bottom of the vacuum cleaner 
which let the debris out. The filter and mesh in Good Lux was shaped like a disc and placed in 
the center of the machine, see Figure 18. 

 
Figure 18 Structure of Good Lux. 

Cuisido 
Cuisido was designed for use in the kitchen (see Figure 19) and with its slim and practical shape 
it could be available at any time placed on a kitchen worktop, table or window sill. Cuisido was 
the second concept that became basis for one of the final concepts. 
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Figure 19 Cuisido. One consumer benefit provided by Cuisido is less usage of soggy cloths. 

Each of the five concepts was also presented with a mockup of the shape, to give a better 
understanding for the size and feeling when used. A selection of the mockups is presented in 
Figure 20. 

 
Figure 20 Picture of mockups made from carton and foam. 

Evaluation 
To compare the concepts and evaluate them, a Pugh’s matrix was set up. The matrix was based 
on the specification of requirements set up earlier and to balance the outcome, the requirements 
were weighted. The matrix gave a good overview and structurally presented the outcome in 
numbers. Since the ideas compared were in a very conceptual stage, it was not always possible to 
determine whether the requirement was going to be fulfilled or not in the final product. 
Furthermore the matrix was only used as a basis for discussions and the final decision was not 
taken directly from the matrix’ outcome. 
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PCP00 
After five weeks of creation of ideas, gate-meeting Primary Check Point 00 (PCP00) was held. 
The five concepts were presented to the steering group. The Pugh’s matrix was showed and the 
discussion lead to a decision to further investigate the concepts called Magnetica and Cuisido, 
however with room for changes in shape. 

The strongest arguments pro Magnetica and Cuisido were the frequent need for cleaning of plane 
areas such as tables and kitchen worktops and the need to always have a cleaning device 
available, especially in the kitchen. 

After PCP00 the name of Magnetica was changed to Tavletto to better fit the features of the 
concept. 

Solution and verification 
The purpose of the Solution and verification phase was to further develop the two chosen 
concepts and verify their technical and commercial feasibility as well as their effectiveness in 
fulfilling the target. To verify the performance and design of the concepts, knowledge from 
different sources was used, such as calculations, tests and knowledge from employees within 
Electrolux. To structure the work it was divided into the parts; batteries, filter, material, inlet, 
shape and sensor. 

Batteries 
When deciding what type of batteries to use in the concepts, Ulrik Danestad from the steering 
group was consulted. Danestad is an engineer employed at the laboratory and technology 
department and has a substantial experience within the area of batteries. He recommended 
batteries of the type Lithium-Manganese (Li-Mn), see Figure 21. Li-Mn batteries are a type of 
Li-Ion batteries using manganese as material in the cathode. The size of the recommended 
battery was 18650, which states the diameter 18 mm and the height 65 mm.   

 
Figure 21 Lithium-Manganese battery. 

The recommended batteries were chosen to be used in both products. The Li-Mn batteries are 
used in many other of Electrolux’ products and have a voltage of 3,7 V and the electric charge 
1300 mAh. They have a higher voltage and a higher energy density than NiMH-batteries which 
are also used in many of Electrolux’ products, these have a voltage of 1,2 V and an electric 
charge of 1300 mAh. Together with Danestad a number of two batteries was decided for both 
concepts, which gives an energy content of 9,62 Wh, see (3). 
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Since the motors used in the final products were not set, a preliminary runtime was calculated 
based on the effect needed to power a brushless motor for model airplanes (also used in one of 
the prototypes). The calculation, see (4), resulted in a runtime of 6 minutes (0,1 h) for both 
concepts. The effect needed to power the motor was 90 W. 
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The outcome was a rough estimation that did not tell the actual runtime, but showed that it was 
in the same span as other handheld vacuum cleaners. 

Filter 
As input for the decision of filter media, Rapido was a role model. The Rapido area of usage was 
similar to the expected area of usage for the concepts which gave almost the same filter 
requirements. The Rapido area of usage was considered slightly tougher since the developed 
concepts were both focusing on crumbs and other visible dirt and not including as much textile 
fibers or fine dust as Rapido. The easier cleaning environment could have been the basis for less 
filtering of the concepts’ air; however the concepts were predicted to be premium products due 
to the higher motor price which lead to higher filter requirements. 

Materials 
The materials in existing Electrolux products were studied and evaluated. For the cover parts and 
containers ABS plastic (Acrylonitrile butadiene styrene) was frequently used. ABS plastic is a 
thermoplastic material that has good properties for the purpose, such as low weight, high 
strength, good deformation resistance and low production cost. The production method used for 
the existing plastic parts was injection molding. 

ABS is available in many different qualities since the properties of the material can be altered by 
varying the included components. For example ABS can be made transparent. This type of 
transparent plastic is commonly used in the container parts where it is valuable for the consumer 
to supervise the debris level to know when to empty it.  

Inlet 
To decide the size of the two inlets several input were collected. First the inlet of Rapido was 
measured to give a rough estimation of an appropriate size of inlet for a handheld vacuum 
cleaner. Second a quick mockup of Tavletto (formerly called Magnetica) was built to enable 
testing of drops in pressure over the inlet when adjusting the height of the inlet. Since none of the 
final motor-fan-units were available, the tests were done with a canister vacuum cleaner set to a 
low power. Therefore the results were not telling the actual pressure drop to expect in the final 
product, but were an indication of how the pressure drop depended on the size of the inlet. The 
outcome of the test was discussed with co-workers at the Primary Development Department and 
compared to pressure drops in existing products. 

The mockup used for the airflow test was also used for another test that verified how well 
different shapes of the inlet picked up test debris, in this case lentils. To document the result of 
the vacuuming test, photos were taken when the lentils were spread out, but before the vacuum 
cleaner was started, and then new photos after the vacuum cleaner had been running (stationary) 
for approximately one minute. One test is shown in Figure 22. 
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Figure 22 Verification test with mockup. The picture to left is taken before and the picture to 

right is taken after the vacuuming. 

For Cuisido a more conventional inlet was appropriate. It was estimated that Cuisido required an 
inlet of about the same size as Rapido’s but some of the material around the inlet could be 
rationalized to make it more flexible and enhance its ability to reach corners and slots. 

Shape 
To get a good understanding of how it would feel to actually use Cuisido and Tavletto, a large 
piece of clay was obtained. The clay was used to try out shapes pleasant to both the hand and the 
eye. The chosen shapes were then modeled in the CAD program Catia (Dassault Systèmes, 
version 5,17) and two SLS-models were created. 

Since the products were intended to be used in the kitchen, the design department was consulted 
to help with the alignment of the design of the concepts to other small appliances from 
Electrolux that are used in the kitchen. The design department had some comments about shape 
and materials that were helpful when developing the design. They also had a set of design 
guidelines that were used for some Electrolux products which could be integrated in the designs 
of the concepts. 

Sensor 
When Tavletto is placed on a table or kitchen worktop it can be used in its stationary position. 
Debris produced when e.g. cooking or gathered by hand can be fed to the vacuum cleaner. This 
can be achieved with the help of a sensor that activates the vacuum cleaner when movement is 
detected close to the inlet. The sensor would be mounted near the inlet and set so that motion at 
an appropriate distance from it would activate the suction. An investigation of sensors was 
performed and two types of sensors were found to be suitable for the product. 
Passive Infrared sensor (PIR-sensor) 
A PIR-sensor is an electronic sensor that detects motion by measuring changes in the levels of 
infrared light (IR) that is emitted from objects in its field of view. It detects motion when an 
object with one temperature passes in front of an object with another temperature; in this case a 
hand that passes over e.g. a table.  

The passive in the name refers to the fact that the sensor does not emit an infrared beam but 
merely passively receives it. The range of a PIR-sensor is approximately 6 m (Parallax, 2011) 
and the PIR-sensor would have to be mounted and angled in a way that would create a suitable 
detection area. The PIR-sensor shown in Figure 23 is approximately 9 mm in diameter and is 
sold by the American retailer Futurlec (2011). 
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Figure 23 A Passive Infrared sensor (PIR-sensor). 

Proximity sensor 
A proximity sensor, shown in Figure 24, detects an object without physical contact. A capacitive 
sensor, which is a type of proximity sensor, emits an electromagnetic field or beam. A nearby 
object changes the field and is thereby detected (Sensors Reference Center, 2011). Capacitive 
sensors are used in devices such as laptop track pads, cell phones and other electronical 
equipment. The maximum distance that the sensors can detect, defined as the nominal range, is 
approximately 15 mm.  

 

Figure 24 A capacitive proximity sensor. 

PCP0 
At the gate-meeting PCP0 (Primary Checkpoint 0) the further developed versions of Cuisido and 
Tavletto were presented to the steering group. The results of the test and investigations 
performed in Solution and Verification phase were presented. A decision to continue working 
with both concepts in the Hardware and solutions phase was made.  

Hardware and solutions 
The purpose of the phase Hardware and solutions was to finalize the concepts, deciding what 
functions would be included and how they would be executed. The CAD-models were updated 
and completed for manufacturing of new SLS and SLA models, which were used to create the 
final functional prototypes. 

Functional prototypes 
The new models were the basis from which the functional prototypes were created. The covering 
parts were made with SLS. The container parts were made with SLA and varnished with a clear 
coating mixed with a small part of black to get a smoky semi-transparent surface.  

The prototype of Cuisido was equipped with a brushless motor and fan taken from a 
disassembled handheld vacuum cleaner from Dyson. The motor was powered with the 
appurtenant battery pack with four Li-Ion cells, a voltage of 14,8 V and an electric charge of 
1300 mAh. That was twice the energy content of the battery pack considered for the actual 
product. The Dyson motor required a large amount of intricate control electronics that among 
other things control the status of the battery pack; hence the battery pack could not be replaced or 
reduced. 



Implementation and results 

 

28 

In the Tavletto prototype a brushless motor from a radio-controlled aircraft was used. The motor 
was combined with a fan that was taken from an Ergorapido, one of Electrolux’ existing vacuum 
cleaners. The fan was modified to fit the motor and to take up as little space as possible. The 
motor was powered with a Lithium polymer (LiPo) battery with two cells, a voltage of 7,4 V and 
an electric charge of 800 mAh. This was slightly less energy content than planned for the actual 
product. 

To be able to use the prototypes as intended for vacuuming they needed to filter the incoming air 
to protect the motors from particles. Mesh filter fabric and filter medium, of qualities similar to 
the ones that were chosen for the products, were attached to frames created with SLS. 

Market 
To connect the concepts to their future market, and to fulfill the target of consumer relevant 
concepts, steering group member Hilda Björkman from the marketing department was consulted. 
The main topics of the meeting were Unique Selling Proposition (USP), consumer insights and 
benefits and Reasons To Believe (RTB). The explanations below are based on the meeting with 
Björkman. 

When launching a product on the market it is important to have a USP. A USP is a short 
message, sometimes formulated as a slogan, which tells the consumer the most important 
advantage that the product has that other products do not have.  

Unmet needs or frustrations that the consumer has are identified as consumer insights. These 
should create a connection between the consumer and the product. The insights are met with 
consumer benefits that tell the consumer what problems the product will solve.  

To give credibility to the promises made in the consumer benefits they are supported by RTBs. 
The RTBs tell the consumer why the product is better than the competitor products and what its 
benefits are. These may in promotion situations be expressed with icons that represent them. The 
name of the product is also important since it is one of the most prominent features of the 
product in stores, commercials etc.  

The USP, RTBs and product names were discussed in a meeting with the marketing 
department’s representative in the steering group, Hilda Björkman. The most important feature 
of the concepts were identified and formulated as USPs. Furthermore the name of the concept 
Cuisido was changed to MiniRapido to better communicate the USP and at the same time link it 
to the range of Electrolux products that contain Rapido and Ergorapido. 

The outcome 

The outcome of the project was two concepts of handheld, battery driven vacuum cleaners. Their 
work titles were MiniRapido and Tavletto and they were both meant to be used in the kitchen, 
however the two concepts had slightly different focuses. The final concepts were presented to 
Electrolux in a written report and as functional prototypes. 

PCP1 
At the last gate meeting, PCP1 (Primary Checkpoint 1), the results of the Hardware and 
solutions phase was presented to the steering group. The steering group could also test run the 
functional prototypes of the concepts to get a good picture of how the final product could look 
and function. During the meeting some key factors to consider when taking the concepts further 
were presented. The key factors are described in the discussion chapter.



Discussion and conclusion 

 

29 

Discussion 

In this chapter interesting insights, methods and the final concepts are discussed. Before the 
conclusion some further assignments are presented as future work to pave the concepts’ ways to 
becoming products on the market.  

Limitations 
The limitations set in the beginning of the project were not very specific. The project was very 
broad which opened for creative and independent ideas, but also made it hard to find focus in the 
early phases. Additional and narrower limitations would have given a more coherent project and 
probably more fully developed products; however that would have made the project more 
restricted and predictable with less potential for new innovations. Since development of new 
innovative concepts was in fact the main purpose of the project the limitations were suitable.   

The limitation made up by the conceptual and not yet physical motor-fan-packages, disabling 
exact dimensioning, furthermore also disabled a final design of the product within the time of the 
project. To get around the uncertainty of the design of motors and fans, the prototypes were 
designed for the components available. This made the prototypes slightly larger than the 
expected final product which raises a need for an overlook of the design before the products 
design can be considered finished. That however, has to be done when the final motors and fans 
for the products are actualized. 

Methods 
Generating ideas 
The method called Morphological matrix was found to be a very good tool in generating new 
ideas and concepts. The brainstorming carried out with focus on the functions from the Function 
decomposition generated several new ideas and helped the brain to focus on a smaller area 
instead of a whole concept. The second part where ideas from the matrix were combined into full 
concepts also gave new perspectives and combinations. Overall the use of many support methods 
helped and structured the work, which also made it easier to stick to the schedule.  

Concepts 
Steering group input 
The input from the steering group when choosing which concepts to proceed with was very 
useful and made the decision more accurate. While working with the different concepts, the 
project group favored some concepts over others, which made them biased and which increased 
the need for new, uninfluenced eyes looking upon the concepts. The variety of different 
backgrounds among the members of the steering group gave several different aspects and 
perspectives when discussing and evaluating the concepts. Especially the presence of Hilda 
Björkman from the Marketing department was a good complement to the else wise engineer-
dense group. Since one part of the thesis was to come up with consumer relevant concepts, her 
participation was critical for the success. 

A brushed possibility 
Since the motor and fan that would be used in the final product were not specified or existing 
during the project, other components were used to still get functional prototypes. During the 
work the project group identified a possibility to equip the concept Tavletto with a brushed motor 
just by adding a few centimeters height. The possibility would enable an earlier introduction on 
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the market, since no new motor technique is needed; however this project was limited to 
brushless motors hence the possibility was not fully investigated in this report. 

Electrolux 
The cooperation with Electrolux during the project has contributed to the result in several 
aspects. The access to the large competence within the company has given valuable input and has 
streamlined the process by eliminating time spent on finding answers to questions or finding 
other expertise or equipment needed.  

The connection to a large product developing company has also contributed with a strong link to 
the market and the importance of a articulated market communication plan, including USP;s and 
RTB;s. 

Further work 
To take the concepts all the way to products ready for the market, many steps are to be taken. 
After an Electrolux primary project where all larger technical problems are solved, a meeting is 
held to decide weather to initiate a product development project or not. In contrast to a primary 
development project, a product development project involves a larger number of people 
including expertise from the construction department, the design department and the marketing 
department. The experts are not in the steering group, they make up the development team. In 
contrast to a primary development project where the project team is limited to one to two people, 
a product development team is much larger. During the product development project a concept is 
transformed into a final product ready to enter the market.  

When it comes to this master thesis project, one larger technical problem is not solved since no 
final motor-fan-packages are developed. The lack of motor-fan packages is one key factor that is 
identified and has to be treated before the concepts can be taken further to a product development 
project. 

Brushless motor 
Most important when realizing the products is to keep track of the development of brushless 
motors, both their price and performance. When the motors are cheap enough to use in this type 
of product and hold the wanted features, a suitable supplier can be found to specify the exact 
price, dimensions and technical specifications. Furthermore fans adapted to the power and speeds 
of the motors have to be developed.   

Brushed motor 
For an edition of Tavletto with a brushed motor, the most important step is to initiate a 
development project where construction, design and marketing departments can investigate and 
finalize the construction, design and consumer relevance. 

Consumer research 
 It is difficult to tell whether the concepts will do well on the market. Especially Tavletto is very 
different from other products available and therefore no consumer research that covers this type 
of product has been performed. Uncertainties regarding consumer behaviors and opinions will 
have to be sorted out before a possible project initiation.   
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Conclusion 
The outcome of the 20 weeks long master thesis project was two consumer relevant concepts of 
handheld, battery-driven vacuum cleaners, which fulfilled the target of the project. To reach the 
result several support methods were used both when generating ideas as well as when selecting 
concepts.  Another factor contributing to the result was the input from the steering group. The 
group of mixed competences opened up for different perspectives and gave a holistic view of the 
development process. 

A factor with large impact on the project was the broad approach and not so specified task, 
which gave a wide range of ideas, but also made it harder to find the red thread in the beginning 
of the project. 

The connection to Electrolux during the project contributed with expertise and a strong link to 
the market and the consumers of the product.  

The project was delimited by conceptual and not yet physical motor-fan-packages which left 
some further work to be done in future projects, however the incomplete motor-fan-packages 
was a limitation known from the beginning of the project and therefore predicted. 
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Appendix 

Appendix 1 Schedule 
 

 
w 39 40 41 42 43 44 45 46 47 48 49 50 51 52 1 2 3 4 5 6 7 

Pre study         
PPI         

Creation of ideas         
PCP00         

Solution and verification         
PCP0         

Hardware and solutions         
PCP1         

Finish report         
Final presentation         



 

 

 

Appendix 2 Risk analysis 
Highest risk numbers highlighted orange. 

  Probability 
1, 3, 9 

Consequence 
1, 3, 9 Risk factor Measures 

Time 
risks 

Hard to predict time 
needed for different 

phases of the project 
9 3 27 Continuous follow up, Gantt and 

diary, sum up every Friday 

Delayed deliverance of 
study objects 3 3 9 Good planning and follow up 

Delayed deliverance of 
parts and prototypes 3 9 27 Good planning and follow up 

Busy steering 
group/supervisor 3 3 9 Good planning 

Neglected report 3 9 27 Start writing early, sum up every 
Friday 

Quality 
risks 

Lack of expertise in 
project group 1 9 9 Thorough background research 

Lack of technical height 3 9 27 Focus on technology and sum up 
every Friday 

Dearth of ideas 9 1 9 Multiple brainstorming sessions, 
input from focus groups 

Time consuming learning 
software 9 3 27 Use internal knowledge 

Internal 
risks 

Cooperative problems in 
project group 3 3 9 Good communication, Gantt 

Miscommunication 
regarding the task 1 9 9 Thorough task description 

Injury in workshop hall 1 9 9 Thorough study of manuals, ask for 
help in doubt 



 

 

Appendix 3 Function decomposition 

Function Class Comment 

Remove Dirt OF From surfaces 

Suck Dust R  

Allow Entering of air R  

Pick up Crumbs and bigger particles R  

Filter Incoming air R  

Hold Dirt R  

Enable Emptying R  

Enable  Quick and easy emptying D  

Enable  Battery charging R  

Contain Batteries R  

Release Air from motor and fan R  

Allow On and off mode R Not necessarily button 

Allow Cleaning of filtering medium R  

Disable Air leaks R  

Appear  Attractive D  

Communicate Quality D  

Be Portable R Weigh less than 2,3kg, pref 1,75kg* 

Operate  Silently D  

Suit  Intended part of body R Not necessarily hand? 

Contain Brushless motor R  

Contain Fan R  

Look Like storm trooper weapon U  

Appear  Small D  

Allow Use on different kinds of 
surfaces D Hard wood, carpet, sofa 

Resist  Wear D  

Stay  Fresh D Odorless, easy to clean on inside 
and outside 

Withstand Cleaning D Water, basic cleaning products 

Rest Steadily D  
 

*According to Hägg, G M., Ericson, M. and Odenrick, P. (2008) Arbete och teknik på 
människans villkor, Prevent 

 



 

 

Appendix 4 Specification of requirements 

Functional performance 

Battery driven 

Cooling of batteries  

Allow easy emptying 

Pick up dust and crumbs etc. 

Hold in dust and crumbs etc. 

Allow easy charging 

Rests in a natural position 

Allows standing or wall mount 

Large filter area 

Easy to clean mesh filter 

Allows cleaning of fine filter 

Agility on surface 

Easy access to accessories 
Human factors 

Attractive design (fit in with interior) 

Attractive charger 

Comfortable handle 

Communicate reliability  

Shows gathered dirt 

Unburdens wrist 
Physical requirements 

Takes up small space 

Light weight  

Access corners and slots 
Life-cycle concerns 

Allow easy cleaning 

Usability, frequency of use 
Manufacturing requirements 

Simple construction 



 

 

Appendix 5 Example of results from the session at KTH 
 

 

 



 

 

Appendix 6 Morphological matrix 
 


