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SAMMANFATTNING 

Detta examensarbete är baserat på en uppgift från Small Domestic Appliances (små 
hushållsprodukter) på Electrolux. Arbetet har handlat om att få in mer naturliga material 
med ”premium” känsla i deras produkter, annat än plast och rostfritt stål.  
Materialundersökningen har inkluderat: glas, trä, keramik och dekorativa tillämpningar 
för metall och plast. Hur en användare upplever ett material har också undersökts.  

Information har samlats in i två undersökningar; en om trender, marknad och 
konkurrenter samt en om material, leverantörer, tillverknings- och ytbehandlingsmetoder.  

Tre subjektiva test har gjorts på taktilitet för att få reda på hur vissa material upplevs av 
användare. Testerna utfördes med hjälp av materialprover, frågeformulär och 
testpersoner.  

Ett objektivt test på friktion utfördes också där friktionskoefficienten mellan ett materials 
yta och fingertopparna räknades ut. Friktions- och normalkrafterna mättes upp för att se 
om det fanns några kopplingar mellan friktionskoefficienterna och hur materialet 
upplevs. Testet utfördes med hjälp av materialprover, testpersoner och 
mätningsutrustning.  

Kontaktytorna på handtaget av en handhållen dammsugare undersöktes för att se hur stor 
area av handen det är som har kontakt med produkten. Materialen i kontaktytorna 
granskades för att se om materialen eller delningslinjerna mellan materialen kunde 
förbättras.  

Testresultaten evaluerades och sammanställdes. Ett okänt material med grov yta upplevs 
generellt som obehaglig medan ett okänt material med en fin yta generellt upplevs som 
behaglig.  
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Den visuella upplevelsen av ett material är kopplad till de fördomsfulla tankar som 
existerar kring olika material. ”Naturliga” material så som kork, glas och läder gav ett 
positivt intryck och upplevdes som behagliga. Rostfritt stål och aluminium är material 
som har en hög ”premium” känsla.  

Friktionstestet visade att det finns ett samband mellan friktionskoefficienten och ett 
materials upplevda fuktighet, inte hur grov yta ett material upplevdes ha.  

De undersökta kontaktytorna visade att dessa ytor är kritiska när det kommer till val av 
material samt positionering av delningsytor.  
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ABSTRACT 

This thesis project is based on a task from Small Domestic Appliances, at Electrolux. The 
project have consisted of looking into bringing more "real" premium looking materials 
into the Small Domestic Appliances segment other than plastic and stainless steel. The 
material investigation includes: glass, wood, ceramics and some specific decorative 
applications for metals and plastic. How a user perceives a material was also included in 
the investigation.  

Research has been made in two information gatherings; one about trends, market and 
competition and one about materials, suppliers, manufacturing- and finishing methods. 

Three subjective tests were done on tactility to find out how certain materials are 
perceived by users. The tests were done by using material samples, questionnaires and 
test persons.  

An objective test was done on friction; measuring the friction coefficient between a 
material’s surface and the fingertips. This was measured to be able to see if there were 
any connections between the friction coefficients and how the material was perceived. 
The test was done by using material samples, test persons and measuring equipment. 

Contact surfaces were also examined on a handheld vacuum cleaner to see how large area 
of the hand is in contact with the product. The materials in the contact surfaces were 
evaluated to see if the materials or the joints between the different materials could be 
improved.  

The test results were analyzed and compiled. An unknown material with a rough surface 
is generally perceived as unpleasant while an unknown material with a fine surface is 
generally perceived as pleasant. 
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The visual perception of a material is related to the prejudice thoughts that exist about 
different materials. “Natural” materials like cork, glass and leather have a positive impact 
in general and are considered as pleasant. Stainless steel and aluminum are materials that 
have a high “premium” factor. 

The friction test showed that there is a connection between the friction coefficients and 
the experienced moist of a material, not the experienced roughness. 

Evaluating the contact surfaces showed that contact surfaces are crucial when it comes to 
choice of material.  
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NOMENCLATURE 

The notations and abbreviations used in this report are presented here so that the reader 
easily can look them up.  

 

NOTATIONS 

µ  Friction Coefficient  

F  Force  

Ff  Friction Force 

N  Normal Force 
 

ABBREVIATIONS  

ABS  Acrylonitrile Butadiene Styrene 

CAD  Computer Aided Design 

CNC  Computer Numerical Control 

IDC  Industrial Design Centre  

KTH  Kungliga Tekniska Högskolan (the Royal Institute of Technology) 

PFTE   Polytetrafluoroethylene 

PMMA Methyl Methacrylate 

PP  Poly Propylene  

PVD  Physical Vapor Deposition 

SAN  Styrene Acrylonitrile 

SDA  Small Domestic Appliances 

TTNo1  Tactility Test Number 1 

TTNo2  Tactility Test Number 2 

TTNo3  Tactility Test Number 3 
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PART 1 

The elements that have made this thesis project possible 
are presented in this part, including background, problem 
definition, aim and objectives. 
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1 INTRODUCTION 

This report is a result of a master thesis project carried out by Marie Sidenvall. It is 
written for Electrolux and the Royal Institute of Technology (KTH). This chapter 
describes the background of the project, the problem and the aim of the project are 
defined and the limitations in this project are presented.  

 

1.1 BACKGROUND 

When sketches and models are made on products they often look futuristic and 
innovative but to turn that into real products and let the features remain the same can be 
difficult. To be able to manufacture a product, basic facts have to be known about the 
materials and manufacturing methods being used. Project deadlines can be limiting when 
designing with new materials since information has to be gathered about the new 
materials and time constraints makes it hard to find the information in time which lead to 
the new materials not being used. This thesis report will try to reduce this time constraint 
by providing some basic information about materials that are not being used today. 
Another issue might be that the material in mind does not feel or look as good as 
expected. The tactile properties are equally important as the visual properties when it 
comes to consumer products where the end user will touch the products on a regular 
basis. Therefore, this thesis report will try to examine the tactile properties of some 
materials to see what is perceived in a good way and what is not.   

1.1.1 ELECTROLUX 

Electrolux is a famous brand in Sweden and the company is a global leader in household 
appliances and appliances for professional use. Electrolux have kitchen-, laundry-, floor 
care- and professional products. The company is selling over 40 million products in more 
than 150 markets each year. Electrolux focuses on the user in all stages of their products 
which is why they have “Thinking of you” in their logo (Electrolux, 2011), see Figure 1.  

 

Figure 1. The Electrolux logotype (Electrolux, 2011a).  

Small Domestic Appliances  

Electrolux started with Small Domestic Appliances, SDA, 10 years ago. SDA now 
include Floor Care, Fabric Care, Kitchen Preparation and Breakfast Line. When 
Electrolux started with SDA, many products where bought from China, and then the 
exterior was designed at Electrolux. Nowadays Electrolux design the inside as well. The 
materials that are used today at SDA are mostly plastics and stainless steel with colors in 
mostly black, white and gray. Products in Fabric Care have more vibrant colors. (Phillipe 
Weber, personal contact, 24 November, 2010) 
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Previous Work 

There is an existent material library at Electrolux Floor Care, created by Maria Violin 
Rydahl when she did her thesis project at Electrolux in 2007. That library contains 
material samples of cork, leather, buttons, light, different plastics and more from different 
manufacturers. The information and samples gathered in this project are not aimed to 
become a new library, rather complementing the existent library. 

1.2 PROBLEM DEFINITION 

The SDA segment is currently using mostly plastic and stainless steel in their products. 
They would now like to make themselves stand out more among the competition as a 
premium brand. Is it possible by using a certain material in their products? How can this 
be done? There is a lack of information about how they could use other materials in their 
products and this has become a problem since the interest of other materials is increasing.  

1.3 AIM AND OBJECTIVES 

This thesis project is based on a task from SDA at Electrolux. The project will be looking 
into bringing more "real" premium looking materials into the Small Domestic Appliances 
segment other than plastic and stainless steel. The material study will include the 
following materials: glass, wood, ceramics and some specific decorative applications for 
metals and plastic. The research needs to cover possible manufacturing techniques and 
potential suppliers in the European arena. 

The research methodology will also attempt to rate the experience levels that the user will 
perceive when handling this new upcoming range. Tests will be performed to see if there 
is any connection between the surface friction of a material and how it is perceived.  

The aim is to inspire the designers by creating a tool that can be used when discussing 
materials amongst each other and with suppliers. The tool should include information 
about the material; usability, color options, manufacturing methods, possible suppliers et 
cetera. The tool should also include information about how materials are perceived by 
different users.  

The material investigation should inspire to do better looking products with better 
ergonomics, touch and feel by discovering the potential of certain materials and 
techniques available. 

The ambition for this study is to influence the way Electrolux Designers will design 
products in the future, making them not only more desirable to the eye but also enhance 
the experience while in use. 



 4

1.4 HYPOTHESIS  

 “Real”, natural materials, like wood, metal and glass, will be perceived as trustworthy, 
exclusive and pleasant materials that people will want to have in their products. The 
tactility test will confirm this by giving high results compared to plastic, which is the 
most used material today. The friction test will show a connection between the roughness 
of the surface and how the material is perceived. Analyzing the contact surface will show 
that the surface where people grab a product is very important when it comes to material 
selection.  

Research about materials, manufacturing methods and finishing methods will show that 
there will be some design constraints and that the costs will increase if these materials are 
implemented. It will also show that natural materials can be hard to implement in some 
products because of the additional surface treatments they will need. Even though it will 
cost more, the materials should be taken into consideration if Electrolux wants to be more 
“real”.  

1.5 LIST OF REQUIREMENTS 

The result of this thesis project does not end with a product or prototype. Instead the 
result will be a guideline and inspiration for future work and possible designs. The 
requirements that were made for the project are presented here: 

 Evaluated materials will be able to be implemented on a product within the SDA 
segment.  

 There will be at least ten test persons participating in each tactility test.  

 There will be at least ten test persons participating in the friction test.  

 The result of the tactility tests will be presented in a way that is easy to use and 
easy to read. 

 Models displaying new materials will be presented.  

 A board will be made, presenting information about each material and the 
different manufacturing and finishing methods.  

1.6 LIMITATIONS 

There were approximately 10 material groups included in the material investigation when 
it first started but since there are a vast amount of materials within each material group, a 
limitation was made a few weeks into the project due to time constraints and only a few 
were selected for the investigation. The selected materials were the ones most likely to be 
used in the future. The materials were reduced to glass, wood, ceramics and decorative 
finishes within metals and plastics.  
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Since the applications within SDA are rather wide, in terms of different properties that 
have to be fulfilled, there has not been a clear limitation in material properties, except for 
the requirements that has to be fulfilled mentioned in Chapter 1.5.  

The materials in the investigation are intended for the exterior of the products at SDA; 
the decorative surfaces, not the interior or technical parts.    

Manufacturing methods and potential suppliers have been filtered so that only relevant 
information that can be implemented on small domestic appliances has been gathered. 
Manufacturers outside Europe have been excluded to reduce transportation.  

High performance ceramics and high performance glass has been omitted when looking 
at ceramics and glass, since it is not considered relevant for the exterior of products at 
SDA. 

1.7 METHOD 

This master thesis has emphasized on research and tests. The work can be divided into 
four stages, completed in an end result. Along the four stages there has been a constant 
search for materials, manufacturers and suppliers, see Figure 2. To be able to predict 
project risks, a Failure Modes and Effects Analysis (FMEA) was made, see Appendix 1 
(Grimvall, Jacobsson, Thedéen, 2003).  

 
Figure 2. The figure shows the different stages in this thesis project.  

1.7.1 INITIATION 

The problem definition had to be defined to be able to begin the thesis project properly. 
To locate the problem and discuss the aim of the project, this step was initialized by 
doing a brainstorming with Simon Bradford and Pia Ringholm at IDC. The problem 
definition was then compiled. A rough time plan was made to see what tasks should be 
included in the project and where deadlines should be met.   
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1.7.2 PRE STUDY 

This thesis project consists of two information gatherings; one about trends, market and 
competition and one about materials, suppliers, manufacturing- and finishing methods. 

 Information about trends was found through Internet, conversations with 
Electrolux employees and through trend books. Information about competitors 
was found through Internet research and visits to stores. A survey was also made 
on the Internet to gather opinions from the public about domestic appliances.  

 Information about materials, suppliers, manufacturing- and finishing methods was 
found through Internet, conversations with Electrolux employees, articles, a 
literature study and conversations with professors and manufacturers.  

When the aim of the project was clear and the limitations where defined a time plan was 
made to get an overview of the project. 

1.7.3 TESTS 

The project included two types of tests; a subjective and an objective test.  

 Three subjective tests were done on tactility to find out how certain materials are 
perceived by users. The tests were done by using material samples, questionnaires 
and test persons.  

 An objective test was done on friction; measuring the friction coefficient between 
a material’s surface and the fingertips. This was measured to be able to see if 
there were any connections between the friction coefficients and how the material 
was perceived. The test was done by using material samples, test persons and 
measuring equipment. 

Contact surfaces were also examined on a handheld vacuum cleaner to see how large area 
of the hand is in contact with the product. The materials in the contact surfaces were 
evaluated to see if the materials or the joints between the different materials could be 
improved.  

1.7.4 COMPILATION 

The test result from the friction test was analyzed in TaCal (Hellström, J., 2011). The 
subjective test results were summarized in charts and then analyzed to see if there were 
any connections between the friction coefficients from the friction test and how the 
materials were perceived.  

The various manufacturing and finishing methods were analyzed to see whether they 
were relevant enough.  
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1.7.5 RESULT 

The relevant information from the pre study and compilation was presented through this 
report and a board displaying information about each material, manufacturing- and 
finishing methods. 

Renderings of a few products were made, using the materials that were found most 
pleasant in the subjective tests, to generate ideas about how to apply the different 
materials to different products.  

An oral presentation was made at IDC, Electrolux, and KTH, presenting this thesis 
project.  
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PART 2 

In this part the pre study is presented. The result from the 
competitive study and information about material, 
manufacturing methods and finishing methods is included. 
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2 PRE STUDY 

This chapter contains the relevant information acquired in the information gathering of 
this thesis project. The information includes a competitive analysis, material groups, 
manufacturing- and finishing methods, design aspects and possible manufacturers and 
suppliers.   

 

2.1 TODAY’S PRODUCTS 

Within SDA, there are numerous products; examples can be seen in Figure 3. Plastic 
parts are made through injection molding and metal parts are mostly made by wrapping, 
pressing and welding sheet metals.  

 
Figure 3. From left to right: Toaster, coffee machine, mixer, stick mixer, coffee machine, water kettle and 

iron (Electrolux, 2011).  

Today’s products have a discrete design using mostly black and white colors combined 
with stainless steel.  

2.2 COMPETITIVE ANALYSIS 

A competitive analysis was made to see what products are on the market today and what 
materials they include. Research about the competitors was made through Internet and 
visits to stores that sell domestic appliances.  

2.2.1 MARKET 

There are several products on the market right now within domestic appliances. To see 
where Electrolux’s products fit in, a small investigation has been made based on an 
interview with Philippe Weber, VP for SDA Marketing, and a study of the competitors on 
the market. A survey was made on the Internet to find out what design and materials 
people would like in their SDA products, see Appendix 2.  
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2.2.2 COMPETITIVE PRODUCTS  

There is no doubt that small domestic appliances have become a fundamental part and an 
important accessory in today’s kitchens. There is a wide range of coffee machines, kettles 
and toasters to please every taste and need. The material used in products varies between 
plastic, metal and what can be seen more and more; natural materials or imitations of 
natural materials, see Figure 4.  

 

Figure 4. From the left: Coffee machine Dream – Baby Pink from Ascaso  (Ascaso, 2010), fully automated 
coffee machine ENA 5 Leather Sports Brown from Jura (Jura, 2010) and water kettle Silver Art Kettle from 

Rowenta (Rowenta 2010).  

The SDA segment include several products, but the product that stands out in stores is the 
coffee machine. Coffee machines can be seen everywhere in various designs using 
several different finishes. Most coffee machines are made of plastic with different 
decorative finishes but metal and leather can also be found. Other products, irons for 
example, are starting to pick up a more varied design but it is far from how varied the 
coffee machines are. This means that there is a great opportunity to be the first with 
implementing new materials and new design within other products in the SDA segment.  

Inspiration for coffee machines can be seen from the car industry, crafts and arts. A 
common sight is also that products are made in “limited editions”, see Figure 5. The 
limited edition means that there is only a certain amount of products produced, which 
make them somewhat unique. According to the result of the survey, see Appendix 2, 17% 
like to have unique products which the limited edition can provide to some extent. 
Limited editions could also be considered a media trick, since most product lines only are 
produced for a certain period and thereby are already limited.  
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Figure 5. CitiZ New York and CitiZ Paris, two of Nespresso’s coffee machines in limited editions, designed 

by Sylvia and Lo Toth (Nespresso, 2010).  

Limited editions can be made by for instance introducing a celebrity or a famous 
designer. A few examples are Roger Federer for Jura, Ferrari for Nespresso and Marcel 
Wanders for Philips Senseo, see Figure 6.  

 

Figure 6. Roger Federer is collaborating with Jura as seen on top of the picture (Ebay, 2010), Philips made 
Philips Senseo, seen to the left, a limited edition with designer Marcel Wanders (Elitechoice, 2009), and 

Ferrari is collaborating with Nespresso as seen to the right (Beautifullife, 2010).  

Some limited editions are produced  “for a good cause”, like Jura’s limited edition 
dedicated to Breast Cancer Awareness Month, see Figure 7, and Electrolux limited 
edition “Vac from the Sea” made to raise awareness about the amount of plastic in our 
oceans, see Figure 7.  
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Figure 7. Jura’s limited edition of coffee machines, seen to the left, is dedicated to Breast Cancer 

Awareness Month (Trendupdates, 2009) and Electrolux made a limited edition of vacuum cleaners, seen 
to the right, to raise awareness about the amount of plastic in our oceans (Electrolux, 2010). 

Glass has been seen in water kettles and coffee jugs, but ceramic products are not as 
common. Sunbeam made a ceramic water kettle a couple of years ago with stainless steel 
details, see Figure 8. 

 
Figure 8. Sunbeam’s ceramic water kettle (Productreview, 2008). 

More work has to be put in to the construction if something similar to the Sunbeam water 
kettle is produced; the reviews that the kettle got in Productreview (2008) were very 
negative about weight and usability, whereas the appearance was praised.  

Other inspiring products using different materials can be seen in Figure 9, although, all of 
them are not produced. New design is nowadays mixed with retro design, there are 
redesigned classic models and there is awareness about the environment. To be able to 
keep up with the market and not drown in the ocean of brands and models, it is important 
to have an edge, a signature mark and constantly be up to date with the competition. It is 
also important to have a design language connected to the brand and to make the products 
recognizable. When looking at a new kettle or toaster for instance, the customer should 
see that is made by Electrolux.  
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Figure 9. From top left to bottom right: water kettle from Rowenta (David Report, 2010), kettle that is 
implemented in the wall (Charlie McBride, 2010), turtle tea kettle (Hometone, 2009), radio in wood 
(Sköna Hem, 2010), bamboo inspired plastic bottle for saké (Best in Packaging, 2009), watering pot in 

wood (Sköna Hem, 2010), water kettle with wood details (XYC, 2009), ceramic alcohol container shaped 
like a sugar cane (Best in Packaging, 2009), water kettle (Alessi Shop, 2010), water kettle (Dansk Design, 

2010), ceramic cup with rubber grip, double walled class cup with rubber grip (Bodum, 2010), water kettle 
(Bodum, 2010a) and a plastic water kettle (Bagaren och Kocken, 2010). 
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2.3 TRENDS 

Eurocucina, or “European Kitchen” in English, is an important kitchen fair held in Milan, 
Italy every two years. A few trends were identified by Pernilla Johansson (2010), Design 
Director at Electrolux Asia Pacific, who was there. Appliances were made to make as 
little sound as possible and they were hidden to keep a clean impression due to the trend 
of having the kitchen integrated with the living room.  

The materials displayed at the fair were tactile and had textures which made them hard to 
resist touching. The wood used was mostly oak and walnut and the glass was matte and 
textured. Recycled materials and materials that can be recycled were used. Matte textures 
were used instead of the high-gloss materials used today. Stainless steel and aluminum 
were still popular materials for details. The cabinets were seen floating over the floor and 
many kitchens had fixed tables. Different solutions to hide the sink were displayed using 
Corian and stainless steel among others (Johansson, 2010). 

Lighting had been improved both for practical and ambient purposes.  

There were some strong colors shown at the fair, for instance pink, yellow and green, but 
the kitchen trend will probably be more natural colors. Pernilla Johansson‘s guess is that 
silver or dark gray will be the next big kitchen color.  

2.3.1 COLOR AND MATERIAL  

Color and material trends were found in various inspiration books, provided by different 
material and color manufacturers (Creation by Carlin, Pantone, A+A and Italian Lab). 
Colors and materials were found in saffron tones, blue climate tones, bucolic khaki, 
suede,  mineral and earth tones, woven plastics and fabrics, bridges between light and 
dark, bridges between technology and nature, smoky blues and greens, beach colors, 
pink, purple, animal patterns, safari, experimental, not always tone in tone. The color and 
material inspiration are summarized in Figure 10. 
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Figure 10. A color map made with inspiration from inspiration books within materials and colors.  

Mixes between matte and glossy surfaces as well as mixes between light and dark will 
probably be seen more in the future.  
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2.4 MATERIAL GROUPS 

The materials included in the investigation are presented here with some basic 
information about each material. Plastic and metal are already used in most Electrolux 
products but since decorative finishes for plastic and metal are included in the 
investigation information about them has been gathered. 

2.4.1 PLASTIC 

There are many different kinds of plastics, each with different properties. Some can be 
soft and used as fabric, while others are hard as metal. Plastic material can be used in 
many applications and some basic information about plastic can be found below. The 
most common types of plastic used at SDA are: ABS, PP, details in PMMA and SAN. 

Plastic is the colloquial expression for polymer. When talking about plastic, it is usually 
referred to a construction material that is based on polymers. Polymer materials are 
generally divided into three categories; thermosetting plastics, thermoplastics and 
elastomers, see Figure 11. This generalization only refers to synthetic manufactured 
polymers. There are also natural polymers, for instance protein, cellulose, amber and 
natural rubber (Bruder, 2009). 

Most often are modifiers added to the polymer to receive the desired properties. The 
additives can be color pigments, UV-stabilizers, reinforcements, heat stabilizers, 
softening agents etc.  

Bioplastics are plastics that either contain or consist of renewable resources. The name 
bioplastics can sometimes be confused with biodegradable plastics (Bruder, 2009). 
Biodegradable plastics decompose in aerobic and anaerobic environments (in both 
composts and landfills) (Biodegradable Plastics, 2010).  

 
Figure 11. The figure shows the partition of polymer materials.  
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Thermosetting Plastics 

The thermosetting plastics have crosslinking molecule chains, like rubber. The links are 
so strong that they cannot move relative to each other. Therefore, they do not melt. 
Instead, they decompose at a high temperature (Plastkemiföretagen, 2010).  

Thermosetting plastics can be seen in saucepan handles, shoe soles etc. Thermosetting 
plastics have good electrical properties, they can stand high temperatures and they can 
also be made very stiff if using reinforcement. The drawbacks are that the machining 
process can be long and that it is hard to recycle (Bruder, 2009). 

Thermoplastics 

Thermoplastics melt when they are heated and can me melted repetitively. There are 
many types of thermoplastics with different mechanical properties. It is therefore used in 
various applications, see Figure 12. They are often used in injection molding, blow 
molding, profile extrusion, film blowing, thermoforming etc. (Bruder, 2009). 
Thermoplastics are decomposed by oxygen, UV-light and chemical pollution during the 
machining process. Therefore, merely material waste is reused in the production. 
Thermoplastics contain a lot of energy which make them suitable for energy recovery. 
This is the most common way to recycle thermoplastics. They can also be reused (Bruder, 
2009). 

 
Figure 12.  To the left: a transparent foldable kayak with a carbon Kevlar frame and a urethane skin. To 
the right: a kayak made in a durable polycarbonate material with an anodized aluminum internal frame 

(Clear Blue Hawaii, 2010).  

Thermoplastics are divided into two groups; amorphous and semi-crystalline (Bruder, 
2009). An amorphous structure means that the polymer chains have an unorganized and 
random structure (Plastkemiföretagen, 2010). A crystalline structure is well organized 
and semi-crystalline structures include both amorphous and crystalline structures, see 
Figure 13.  The semi-crystalline structure consists of several separate crystalline 
structures that are connected through the amorphous structure. Amorphous plastics are 
usually transparent while semi-crystalline plastics are opaque (Plastkemiföretagen, 2010).  
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Figure 13. A semi‐crystalline structure including both amorphous and crystalline structures. 

Plastics with a semi-crystalline structure have a melting temperature and goes directly 
from solid to liquid; they are more similar to metals than amorphous plastics (Bruder, 
2009). An amorphous plastic softens when the temperature is raised and can therefore be 
thermoformed. Amorphous thermoplastics can be transparent and do not have a melting 
point. Instead they have a glass transition temperature which is the temperature where the 
molecule chains start to move. Amorphous plastics have fewer tendencies to shrink and 
skew than semi-crystalline plastics. Amorphous and semi-crystalline plastics must have 
different looking ingates in the mold (Bruder, 2009). Amorphous plastics are usually 
more sensitive to solvents and have worse barrier properties (the ability of a material to 
pass through a gas or liquid through the material) than semi-crystalline plastics. Semi-
crystalline plastics have lower friction and are not as sensitive to stress cracking as 
amorphous plastics (Plastkemiföretagen, 2010). 

Recycling 

Plastics are recycled by numbers and abbreviations, see Figure 14. This system is based 
on the ISO standard: ISO 11469 - Generic identification and marking of plastic products 
(Scania, 2010). Number one is the easiest to recycle and number seven is the hardest. 
Number one is PETE stands for polyethylene terephthalate and it is used in soda and 
water bottles and many other containers for consumers. After it has been recycled it is 
processed and then it is for example used to make new plastic bottles or as fiberfill for 
winter coats and life jackets (West, 2011).  

 

Figure 14. Different recycling numbers and abbreviations for plastic products.  

Number two is used for high-density polyethylene plastics, HDPE. That plastic is used to 
make containers that hold detergents and bleaches. The recycled plastic is used for 
products including rope, toys and piping. The V in number three is polyvinyl chloride and 
it can be made both soft and hard; it is used in both garden hoses and sewers (Bruder, 
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2009). LDPE in number four stands for low-density polyethylene. Even though 
polyethylene, number two and four, is relatively easy to recycle and embodies a lot of 
energy, it is the plastic most responsible for littering in the wild. Both HDPE and LDPE 
are used for film blowing to make plastic bags. If the plastic bag rustles, like the free 
plastic bags in grocery stores, it is probably made out of HDPE (Bruder, 2009). PP is 
number five and stands for polypropylene; it is used in Tupperware products for example. 
Number six is polystyrene which is used for disposable coffee cups, insulation and 
disposables amongst other things. Polystyrene is the plastic used in famous trademarks 
like Styrofoam and Frigolit. Number seven is used for other plastics and the plastics in 
this group can be hard to recycle (West, 2011). Plastics that are marked with number 
seven, or sometimes not marked at all, include plastics like ABS, acrylonitrile butadiene 
styrene. ABS is used in for instance housings for small appliances and in automotive 
interior panels. Other recycling symbols may also occur; often seen is the name of the 
plastic inside arrow symbols, as seen in Figure 14 (Bruder, 2009). 
 

2.4.2 METAL 

There are ferrous and non-ferrous metals. Ferrous metals contain iron and are produced in 
larger extents. Due to the iron, most ferrous metals are magnetic while most non-ferrous 
metals are not (Thompson, 2007).  

The magnetic property of a material is complicated and it is therefore hard to divide 
metals into magnetic and non magnetic materials (Calder, 2006). A substance has to have 
electron spin to be magnetic. It generates an electronic angular momentum that interacts 
with the magnetic field. Paramagnetic substances, like aluminum and magnesium, are 
magnetic in the presence of a magnetic field but not in the absence of a magnetic field. 
Ferromagnetic materials, named after the most common example iron, have a “built-in” 
magnetic field which makes them “permanent” magnets. There are also antiferromagnetic 
substances with more complex structures (Calder, 2006).    

An alloy consists of different metals that are combined to receive desired material 
properties. Some ferrous metals degrade in the presence of water and oxygen, creating a 
layer of iron oxide (rust). To avoid rust, the metal is protected by a coating; for example 
galvanizing, powder coating or painting (Thompson, 2007). There are some metals that 
have a reduced need of protective coatings. Stainless steel is created by making an alloy 
of steel, chromium and other metals. Chromium protects the steel from corroding by 
forming an oxide on the surface of the steel. Cor-ten (a steel alloy) is protected by a 
patina which develops on its surface in the atmosphere. The surface generates a rust-like 
appearance over time that often is used in architecture and sculptures. Other metals 
generate a durable oxide layer that protects the surface when reacting with the 
atmosphere (Thompson, 2007). 
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The extracting process of metals is very energy consuming and generates waste and 
hazardous by-products (Thompson, 2007). Less energy is needed for recycling metals 
then extracting them. Metals preserve their strength in recycling, which make them able 
to recycle an endless amount of times. Since it is less energy consuming to recycle, metal 
recycling is very important and nearly all industrial metal scrap is recycled. Recycling 
metals is up to 90 % more energy efficient than extracting metals from their ores 
(Thompson, 2007). Some common metals are presented in Table 1.  

Table 1. Some common metals are described here (NDT Resource Center, 2011a).  

Common Metals  Description  Example Where Used 

Aluminum  Malleable (easy to 
shape) material that 
also is light, readily 
available, 
inexpensive and 
recyclable.  

                  

       (Notebookcheck, 2009)                 (Discovercircuits, 2009) 

Iron/Steel  Strong material that 
is used for critical 
applications. 

                             

(Stainlesscookware‐set, 2010)   (Electrolux Appliances, 2011) 

Copper  High electrical and 
thermal conductivity, 
high ductility, good 
corrosion resistance, 
decorative.                                             

(Copperbrasstraditions, 2011)               (Builderbill, 2011) 

Titanium  Strong material that 
can stand high 
temperatures and is 
relatively light and 
has good corrosion 
resistance.  

                                     

(Watches Infoniac , 2008)               (Kershaw Knives, 2011) 

2.4.3 WOOD 

Wood is divided into two groups: softwood and hardwood. Coniferous trees that are 
evergreen are softwoods; pine, spruce, fir and cedar. Deciduous trees with broad leaves 
are classified as hardwood. But the two groups are a bit confusing; a wood classified as 
hardwood can be very soft, like balsa, and vice versa. Wood can be used as lumber, logs, 
veneer, panel products, engineering timber, pulp and paper (Thompson, 2007). 

Cell structures in the tree transport water and nutrients, creating the wood grain structure. 
Trees grow fast in the beginning of the growing season, making the color light. The wood 
is darker late in the growing season when trees grow slowly. The colors create growth 
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rings which make it able to tell the age of a tree. The centre of the tree gets darker with 
time; it is known as heartwood. The younger wood (closest to the bark) is lighter and it is 
known as sapwood (Thompson, 2007).  

Wood is light in weight and it is often used for decorative features, see Figure 15. The 
strength, working properties and durability of the wood is affected by the direction of the 
wood grain; it is stiff parallel to the grain (CES EduPack 2010). Wood is delivered to the 
manufacturer as sheet material, solid lumber, chips, particles or shavings (Thompson, 
2007). Wood can easily be machined and it can be formed to complex shapes when it is 
laminated and molded (CES EduPack 2010). Blimp, the furniture seen in Figure 15, is 
made from recycled timber waste that has been bonded with formaldehyde free resin and 
it can be recycled by being composted or re-chipped to form a new shape. 

  

Figure 15. A thesis project by Roland Kaufmann resulted in a bicycle produced in wood – JANO, to the left 
(GP designpartners, 2006). Blimp ‐ furniture made from recycled timber waste that has been bonded with 

formaldehyde free resin can be seen to the right (Designboom, 2005). 

Wood is biodegradable, non-polluting and it can be recycled (Thompson, 2007). It is a 
sustainable material that can be planted and harvested. The energy that is needed for 
harvesting can be outweighed by the energy the wood captures during its lifetime when it 
absorbs carbon dioxide and produces oxygen (CES EduPack 2010).   

Bamboo can be mistaken for wood but it is actually a fast growing grass that has different 
rates of growth depending on the species. Some species can grow up to one meter per day 
and reach a height of over thirty meters. It is harder and lighter than several other woods 
and it can be harvested more frequently; every fourth year (Thompson, 2007). These 
properties make bamboo an attractive and environmentally friendly choice of material. 
The outer surface of bamboo has good bending stiffness and strength thanks to its tubular 
structure. It can be difficult to join bamboo; it is usually done by binding since holes 
should be avoided in the tubular structure (CES EduPack 2010).   

Veneer 

Veneers are thin strips of cut logs, usually between 1-5 mm thick. They can either be cut 
across the width of the log or peeled continuously around the edge of the log (rotary cut). 
Veneers are as an exterior to other materials and to produce laminates, see Figure 16.  
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Figure 16. From top left to bottom right: extruded aluminum with wood imitation (Green Trade Bay, 
2010), wood discus (Robins Sports, 2011), wooden chair (Deluxe Interior, 2010), wood and metal jewelry 

(Beads and Pieces, 2009) and Audi interior (Sueddeutche, 2011). 

Panel Products 

High pressure and strong adhesives are used to bond wood veneers, particles or core 
materials into panel products. Panel products include plywood, particleboard and 
composite constructions (Thompson, 2007).   

Wood Pulp 

Paper is made out of wood pulp. Xylem (transportation tissue in wood) contains 
structural cellulose fibers that are bonded with lignin. The lignin softens when it is heated 
which make it possible to emboss paper and board with heat and pressure. The recycling 
process of paper and board shorten the fibers which weakens the strength. Therefore, it is 
not possible to constantly repeat the process (Thompson, 2007). 

2.4.4 GLASS 

Coffee jugs in glass have often been made with mechanized glassblowing. Decorative 
finishes and manufacturing methods that allow more free formed shapes have been 
studied in this material investigation.  

There are various types of glasses and the ingredients can differ depending on location, 
processing and application but since the necessary ingredients of glass are almost 
everywhere, it is an environmentally friendly option (CES EduPack 2010). 
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Soda‐Lime Glass 

Soda-lime glass (also known as “commercial glass”) is the most common type of glass, 
and also the less expensive (Thompson, 2007). Soda-lime glass is most likely the glass 
you have in your fridge and pantry; filled with marmalade, jam, pickles, alcohol etc.  

Soda-lime glass consists of silica sand, soda ash, lime (calcium oxide) and further 
additives. It is relatively easy to fabricate and it softens at 400-500ºC which make it 
suitable for mass production (Thompson, 2007). It can be cast, rolled, blow- or pressure 
molded, drawn and so on. Soda-lime glass is durable and can last sometimes hundreds of 
years with normal handling. The glass is used for tubing, mirrors, windows and 
packaging liquid, food and chemicals (CES EduPack 2010). Soda-lime glass shatters 
when it undergoes high temperatures or sudden temperature differences. The surface 
finish of the glass is smooth and non-porous (Thompson, 2007). 

Borosilicate Glass 

Borosilicate glass is similar to soda lime glass, only borax has replaced most of the lime 
(CES EduPack 2010).  Borosilicate glass contains up to 15 % boric oxide and is therefore 
called borosilicate glass (Thompson, 2007). It softens around 800-850ºC which make it 
difficult to fabricate but more resistant to thermal shock and high temperatures (up to 
500ºC for short periods). It can stand acids better than soda-lime glass. These properties 
are the reason for the glass being used in kitchenware, see Figure 17, and laboratory 
products (Thompson, 2007). 

 

Figure 17. From left to right: Sunbeam has made a water kettle in borosilicate glass (Interiordesigning, 
2010) and Eva Solo has products in borosilicate glass (Inreda Mera Hemma, 2011).  

High Performance Glass 

High performance glasses include glass ceramic, quartz glass and aluminosilicate glass. 
These are high performance and very expensive materials. Their operating temperatures 
can range between -200–700ºC. Glass ceramic is a type that can stand even higher 
temperatures than borosilicate glass and it is also more resistant to chemicals and thermal 
shock. Glass ceramics is used in stove and fireplace doors, glass cooker tops and various 
industrial applications. High performance glasses in general are used in industrial 
applications as well as cookware and jewelry (Thompson, 2007). 
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2.4.5 CERAMICS 

There are many types of ceramic materials. The ceramics that people reflect to the most 
when hearing “ceramics” are the traditional ones such as porcelain, clay and terracotta, 
but there are several more (Lefteri, 2003). Oxides, nitrides, borides, and silicates can be 
assorted ingredients in an advanced ceramic (Lefteri, 2003). 

Ceramics can be both dense and lightweight. In general, they are strong, hard and they 
can stand high temperatures and harsh environments better than metals and polymers, but 
ceramics are brittle in nature. Ceramic materials can act as electrically conductors as well 
as insulators. Some conductive ceramics even have magnetic properties (NDT Resource 
Center, 2011b). Ceramics usually have properties like; superb hardness, high melting 
points, good thermal stability, exceptional stiffness and rigidity and are known to be 
brittle (Lefteri, 2003).  

Ceramics are divided into two main groups: clay-based and high performance ceramics. 
Both groups of ceramics are hard and brittle (Thompson, 2007). 

Clay‐Based Ceramics  

Clay-based ceramics are fine-grained and consist of clay minerals (aluminum silicate), 
quartz and rock fragments. They include earthenware, stoneware and porcelain that are 
associated with pottery. Earthenware is porous, brittle and breaks easier than stoneware 
or porcelain. It is made out of clay that has been fired at 1000-1250ºC. The quality of the 
earthenware depends on the clay used. Earthenware has a characteristic reddish brown 
color and it needs to be glazed to be made watertight (Thompson, 2007). 

Stoneware is fired at 1200-1300ºC which makes it somewhat vitreous. It is stronger and 
less porous than earthenware, but it still needs to be glazed to be made watertight 
(Thompson, 2007). In general, stoneware has a greater thickness than porcelain and is 
therefore more bulky and can be made bigger. Otherwise, size limitations depend on the 
manufacturing method and material (Lena Rask, personal contact, 9 March, 2011). 

Porcelain consists of kaolin (china clay) mixed with petuntse, quartz and other minerals. 
Porcelain is fired at over 1300ºC, which generates a vitreous and translucent ceramic. It is 
already watertight but it is usually glazed for decorative purposes, see examples in Figure 
18 (Thompson, 2007). 

  
Figure 18. The porcelain cup Froissés from Revol (Atelier Des Cadeaux, 2011), milk jugs made in porcelain 

from Seletti (Fresh Design Blog, 2011). 
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Clay based ceramics can be glazed. There are both matte and glossy glazy, see Figure 19. 
The matte glaze is more sensitive than the glossy glaze; it is not entirely dishwasher safe 
and it is not as resistant to metalmarks (Lena Rask, personal contact, 9 March, 2011). 

 
Figure 19. A Höganäs teacup with a matte glaze stands on a plate of wood to the left (Höganäs, 2011) and 

a Mon Amie cup from Rörstrand with a glossy glaze stands to the right (Rörstrand, 2011). 

High Performance Ceramics 

High performance ceramics are very expensive and have excellent properties and fewer 
impurities than clay-based ceramics (Thompson, 2007). The ceramic is resistant to high 
temperatures (up to over 2000ºC) and corrosion. High performance ceramics include: 
alumina, silicon nitride, tungsten carbide, zirconia, silicon carbide and boron carbide. 
Tungsten carbide is often used in cutting tools because of its hardness. Zirconia is used in 
cutting blades because of the hardness and fine surface finish that it can provide. Boron 
carbide is used in armor and nuclear applications since it is one of the hardest materials 
known (Thompson, 2007). 

2.4.6 INTERACTIVE AND NEW MATERIALS 

There are thermochromic pigments that can change color when the temperature changes, 
see Figure 20.   

 
Figure 20. From left to right:  stirrers in interactive plastics and beer bottles with reversible interactive 
prints (B&H Colour Change, 2011), paper cups with temperature indicating ink (Chromazone, 2011). 

Thermochromic pigments could be interesting to use in products to interact with the user 
to tell the user that something is warm.  
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New materials are in constant development. Closing the Material Gap – an event during 
Stockholm Design Week, was visited in February 2011 seeking inspiration. Five 
prominent persons were invited as a panel to discuss how different disciplines could be 
brought together to create future materials. The persons were:  

 Arik Levy – designer, technician, artist, photographer, filmmaker. 

 Tom Dixon – industrial designer and creative director to the Tom Dixon.  

 Jonas Runberger – architect, researcher and lecturer at KTH School of 
Architecture.  

 Marie-Louise Ainalem – researcher and director’s scientific assistant at European 
Spallation Source/ESS AB.  

 Fredrika Gullfot – entrepreneur/researcher and CEO at Simris Alg.  

The conclusions were that people within different disciplines have to learn to interact 
with each other, since for instance a scientist failed research could be a designers or 
architects’ dream material. To take inspiration from the structures created in nature, see 
Figure 21, (in plants, organisms and animals), also called “biomimicry”, is already a 
trend but this will continue and the environment will continue to stand in focus in the 
future.  

 

 
Figure 21. From top left to bottom right: Beehouse Lamp (Livbit, 2009), physalis (Flickr, 2007), flower 
(Sensing architecture 2009), sand in Iceland (Flickriver, 2007), leaf (Clemens Winkler, 2007), erosion 

(Lighter Than Air Thesis, 2008), Osso Buco seating (The Design Blog, 2008) and a cactus inspired proposal 
for the Minister of Municipal Affairs and Agriculture building for Qatar (Anne of Carversville, 2009). 
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2.5 MANUFACTURING METHODS 

There is an abundance amount of manufacturing methods in the world. Manufacturing 
methods that were considered relevant for future products at SDA are be presented here 
together with manufacturing methods that are already used. 

2.5.1 PLASTIC 

Plastic is vastly used within small domestic appliances. Most parts at Electrolux are made 
with plastic injection molding and then decorated by in-mold-decoration, vacuum 
metalizing or tampo printing. Decoration possibilities for plastic, other than the ones 
used, have been explored in this material investigation.   

Injection Molding 

Injection molding, see Figure 22, is used at Electrolux and all over the world to mass 
produce identical plastic parts with tight tolerances. It is a process that uses high 
pressures and well engineered tools to generate a good result (Thompson, 2007). There 
are several types of injection molding; gas-assisted injection molding, multishot injection 
molding, in-mold decoration and more. The applications for injection molding can be 
found in various products within household, automotive industries etc. Since high 
pressures are used, the surface finish is good. The tool can be used repeatedly without 
any differences in details (Thompson, 2007). 

 
Figure 22. A simplified picture of plastic injection molding. 

The part and tool must be carefully designed so that shrinkage, sink marks, flow lines etc. 
that are created when the polymer solidifies do not show. Most of these defects can be 
avoided by using a flow analysis and some design rules. The plastic will flow where there 
is least resistance in the die cavity, so the plastic should enter in the thickest wall section. 
However, the thickness of the walls should be uniform (at least within 10 %) to generate 
a good result. More varied wall thicknesses will cause the part to warp since the different 
areas of the part will cool at different rates. Flow lines and sink marks can be disguised 
using a fine structure as a finish. Textured and matte surfaces, see Figure 23, are also less 
expensive than high gloss surfaces (Thompson, 2007). 

The shaping possibilities within injection molding are great and if there are any 
restrictions they are usually caused by the cost. To use a simple split mold is the least 
expensive way to use this process while the most expensive way is to use a complex 
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shape in various sizes. Pigments and colors can be used to create different effects; 
pearlescent, metallic, thermo chromatic, photo chromatic, fluorescent and regular colors 
(Thompson, 2007). 

 

Figure 23. An iron from Electrolux with plastic injected parts with a matte surface finish is presented here 
(Electrolux, 2011a). 

Assembly of the parts can be made easier by including snap-fits and inserts in the mold. 
Multishot injection molding can use several materials in one product and can therefore be 
used to produce variations in; color, texture, rigidity and transparency (Thompson, 2007). 

Ribs are often used in plastic parts to be able to make a strong part with an even wall 
thickness, see Figure 24. To be sure that the plastic spreads evenly in the part, the ribs can 
not exceed five times the wall thickness. Many, shallow ribs are better than few, deeper 
ones. Holes are usually included in the part’s design so that expensive secondary 
operations can be avoided (Thompson, 2007). 
 

 
Figure 24. A stapler from Rapid constructed with ribs (Familjekontoret, 2011).  

The tooling costs for injection molding are very high. The cycle time varies depending on 
how large and thick the part is, but it is generally between 30 and 60 seconds. A larger 
part may take longer since it has to stay in its mold while it cools to avoid distortion.  The 
process is mostly automated but manual labor is still needed in some parts, like in mold 
preparation, which adds significantly to the cost.  

Thermoplastic scrap can be recycled instantly in production. However, if the 
thermoplastic is supposed to be used in medical and food packaging, a certain level of 
virgin material has to be used and the scrap can therefore not be used in that particular 
process. To increase the possibility for the end user to recycle, parts can be designed so 
that they are easily disassembled (Thompson, 2007). 
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In‐mold Decoration 

In-mold decoration is used today at Electrolux to produce decorative graphics on plastic 
products. This reduces secondary processing.  

A thin PC film, printed with desirable graphics, is first placed in the die cavity 
(Thompson, 2007). The film can be thermoformed for a perfect fit in the cavity. The 
printed side is then placed towards the inside of the mold, so that the outside is protected 
by the PC film. The hot plastic is then injected into the die cavity, where it bonds with the 
PC film (Thompson, 2007). The process can be seen in Figure 25.  

 

Figure 25. The in‐mold decoration process (Nissha, 2011).  

The plastic and film receives a seamless finish (Thompson, 2007). A few examples of 
products using in-mold decoration are shown in Figure 26. 

 
Figure 26. Examples of computers that have decorative finishes made from in‐mold decoration (Vista‐

Crew, 2008 ). 

2.5.2 METAL 

Stainless steel is used to some extent within SDA at Electrolux. Different ways of 
pressing and wrapping metal sheets and then weld the joints together are usually how the 
parts at SDA are currently made. The welding line is often hidden under for instance a 
handle and it is almost impossible to identify after polishing.  
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Deep Drawing 

Deep drawing could be used to make cylindrical shapes. A part is made by using a metal 
sheet, which is forced into a die by a punch, see Figure 27. When the draw depth in a cold 
metal pressing process is greater than the diameter, the process is generally called deep 
drawing (Thompson, 2007). 

      
Figure 27. Deep drawing process and size limitations. 

The possible shape and wall thickness of the part depends on the material. The parts can 
have a diameter between 5-500mm. The length of the drawn part can be up to five times 
greater than the diameter, see Figure 27. Metals have to be malleable and resistant to 
thinning to be used in this process; suitable metals include steel, copper and aluminum 
alloys (Thompson, 2007). 

Beverage cans and kitchen sinks are often manufactured through deep drawing. Waste 
baskets and umbrella stands can also be made this way as seen in Figure 28. The waste 
material that is generated in this process can be recycled into new metal sheets or other 
products (Thompson, 2007). 

 
Figure 28. Products from Rexite that have been made by deep drawing are shown here (Rexite, 2011). 

Die Casting 

Die casting is used to mass produce complex and intricate parts in metal. A part is made 
by forcing molten metal into a steel mold, see Figure 29. The force is created through 
pressure and the mold is a reusable steel mold that can create complex three dimensional 
geometries. This process is similar to injection molding; there are ribs, draft angles, 
recesses, mold flow and partition lines (Thompson, 2007). 
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Figure 29. The high pressure die casting process is shown here (EAA, 2011). 

There are several techniques within die casting. Three of them are: high pressure die 
casting, low pressure die casting and gravity die casting. Parts made from die casting 
have superior surface finish which improves with pressure, see Figure 30 (Thompson, 
2007). The tools in die casting are expensive since they must be made in steel that can 
stand a high temperature. Non-ferrous metals should be used in die casting; ferrous 
metals have a melting point that is too high. Aluminum, magnesium, zinc and copper are 
examples of non-ferrous metals that can be used in die casting (Thompson, 2007). 

 
Figure 30. Breville has made a toaster with die‐cast; Breville Die‐Cast Smart Toaster (Toasterbest, 2010). 

High pressure die casting is the fastest way of forming metal parts. It allows thinner walls 
and smaller details due to the high pressure but the tooling and equipment is much more 
expensive. Therefore, the process is only recommended for high volume production. This 
process is often used in the automotive industry, consumer electronics, jewelry and toys 
(Thompson, 2007). 

Low pressure gas is used in low pressure die casting. Because of the low pressure there is 
very little turbulence when the mold is filled and the mechanical properties are therefore 
good. The parts should be rotationally symmetrical and the metal should have a low 
melting for best result in this process. Engine parts in the automotive industry are made in 
this process and also some kitchen- and tableware (Thompson, 2007). 

Gravity die casting is also called permanent mold casting and is similar to sand casting. 
The difference is that gravity die casting uses a steel mold. This process is used for small 
productions (Thompson, 2007). 

When using metal casting methods, voids and porosity are inevitable but it can be limited 
at an early stage when developing the product. Simulations can be made to optimize the 
filling of the mold and thereby limit the voids and porosity in the part. Die casting is a 
process that uses much energy; to melt metal and retain a high temperature. The waste 
material can be recycled instantly in the process (Thompson, 2007). 



 33

Metal Spinning 

Metal spinning is used to form sheet metal into symmetrical profiles, see Figure 31. This 
method could be used to make for instance bowls in stainless steel for a kitchen assistant 
and it could also be a good way to produce prototypes.  

 
Figure 31. From left to right: a sheet metal is shaped by a tool and a mold into a symmetrical profile 

(Rytmsa, 2011), examples of products that have been shaped by metal spinning (Metal Spinners, 2010). 

This process is often combined with for example punching or pressing to produce more 
complex and asymmetrical parts. The sheet metal used in the process can also be meshed 
and perforated in advance. Products within lighting, furniture, kitchenware, jewelry and 
the automotive industries are formed using metal spinning, see Figure 32. The process 
often combines both manual and automated techniques (Thompson, 2007). 

                  

Figure 32. Mathmos Grito lamp shade is made by spun aluminum and has a powder coated interior 
(Inspired by Light, 2011).   

The tool is single sided which makes this process applicable for low productions since the 
tool is significantly less expensive than metal stamping (see page 34) or deep drawing 
(Thompson, 2007). The material consumption can be reduced by using ribs and thereby 
reducing the wall thickness. Textures are only visible on one side of the part. The outside 
finish is shaped by the tool as seen in Figure 33 while the inside finish is shaped by the 
mold. The geometry of the desired part decides whether the tool is male or female. The 
quality is determined by the skill of the operator and the quality of the mold, but a very 
high finish is achievable (Thompson, 2007). 
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Figure 33. To the left: the tool shapes the outside of a part in a metal spinning process (Church Metal, 

2011). To the right: Size recommendations for the metal spinning process.  

Only rotationally symmetrical parts can be shaped with this process. It is preferred that 
the diameter of the part is greater than or equal to twice the depth of the part as seen in 
figure 33. Deeper parts will increase the cost. Both small and large parts can be made in 
this process, diameters as large as 2,5m are possible with a tolerance down to 1,5mm 
(Thompson, 2007). 

Applicable materials include: wood, plastic and different types of metal. Cycle time 
varies depending on the part’s shape and material; a large or complex shape takes much 
longer than a smaller, simple shape and a ductile and malleable material takes less time 
than a harder one (Thompson, 2007).  

Metal waste is produced especially in the beginning of this process, but it is recycled. The 
energy consumption is relatively low and can be compared to turning a lathe (Thompson, 
2007). 

Metal Stamping 

This method could be used to make shallow parts in sheet metal. The part could be used 
on its own or with plastic for instance. Casings, buttons, displays and other details could 
be stamped in metal for a tough, classic and exclusive design.  

This process is very precise and it is only suitable for mass production since the tooling 
costs are high and the process can work rapidly and simultaneously with different work 
stations. It is similar to deep drawing but the parts in metal stamping are shallower 
(Thompson, 2007). 

Metal stamping is used in most mass produced metalwork, including: automotive parts, 
mobile phones, camera bodies, mp3 players and television housings. An example where a 
toy wagon is made by stamping is shown in Figure 34. The process is executed on a 
vertical axis. Therefore, secondary operations will be necessary if the part requires further 
angles. Metal stamping also has its limits regarding how much the diameter can be 
reduced; 30% by the first stamping and 20% by the second. The capabilities of the 
process depend on the machine and the bed size (Thompson, 2007). 
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Figure 34. An overview of how a toy wagon is produced by stamping is shown here (Made How, 2011). 

Sheet materials can generally be formed by metal stamping, including; stainless steel, 
aluminum, magnesium, titanium and copper. All waste material produced in the process 
can be recycled (Thompson, 2007). 

2.5.3 WOOD 

Wood is not used today at SDA. It has been used earlier in refrigerator handles but no 
current products include parts in wood. Veneers, laminates and solid wood parts that 
could be used for small domestic appliances have been examined in this project.  

CNC Machining  

This method could be used to make handles, lids and other details in solid wood. The tool 
in CNC machining can make very complex parts which bring a lot of freedom in the 
design.  

CNC (Computer Numerical Control) machining can perform many processes and 
operations. Many materials can be formed with this process including; composite, metal, 
plastic, stone and wood. The complexity of the finished part is determined by the 
operating CNC machine; a five axis machine can work more complex shapes than a two 
axis machine for instance (Thompson, 2007).  

Most factories have some type of CNC machinery and the process is used in both 
prototyping and mass production. It is mostly used for primary operations but also for 
some secondary operations, like removal of excess material. CNC machining is used for 
tool making, where it is relatively cost effective compared to other methods (Thompson, 
2007).  

High quality parts can be made directly from CAD data. It does not matter if the shape is 
complex or straight since the process is controlled by the CNC machine. If the CNC 
machine can switch tools itself, the process just has to be started and then it can run by it 
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self. Cycle time is rapid once the process is started and tooling costs are minimal 
(Thompson, 2007). 

Waste is generated since the process removes material. The waste can be recycled or 
burnt for energy use if the machine is equipped with a dust extraction. Even though CNC 
machining is applicable on most materials, not many perform this process on every 
material. The dust generated from some material is considered dangerous and some 
factories refuse to use those materials (Thompson, 2007). 

Wood Laminating 

Wood laminating is divided into three categories: solid wood, wood chip and veneer 
lamination. Furniture, architectural applications and engineering timber are created using 
wood lamination. Finishing operations are usually required (Thompson, 2007). 

Solid wood bending uses a cold pressing technique to bend sections of wood, glued 
together with adhesive. Tight bend radii can be achieved by kerfing the wood, which 
means that cuts are made in one side of the bend, see Figure 35 (Thompson, 2007). The 
lamination then works as a lock to keep the bend in place. Since each layer consists of an 
individual veneer, the minimal internal radius depends on the properties of each veneer, 
not on the wall thickness, which means that even thick walls can have tight internal radii 
(Thompson, 2007). 

 
Figure 35. A kerf‐bend makes a tight bend radii possible (Ragan, 2009).  

Engineering timbers are made out of a woodchip technique. The woodchips are bound by 
adhesives, penetrating the woodchips under high pressure (Thompson, 2007).  

Veneer lamination consists of veneers bonded with adhesives. The veneers are laminated 
on a mold to receive the desired shape. An additional vacuum or split mold is used to 
push the veneers together using pressure. The adhesives are then cured. There are two 
main groups of adhesives; phenol-formaldehyde used for outdoor applications and urea-
formaldehyde for indoor applications. Simple wood molds are low cost while high 
volume laminating needs metal tools which can be expensive (Thompson, 2007). 

An odd number of veneers, with different grain directions, are used in veneer lamination 
to keep a balance between tension and compression. The wood used as veneers must have 
an even grain; it can not have defects such as knots. Curved forms that have been 
laminated are strong and relatively rigid, compared to steam bent wood (see page 37). 
The strength of the wood is greatly improved if, due to the grains, the wood is cut into 
strips and then glued back together. Adding a curve may also increase strength 
(Thompson, 2007). 
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Wood laminations can have a long cycle time. The time it takes depends on both curing 
method and the type of adhesive. Curing with radiant heating takes about 10-60 minutes. 
Radio frequency methods take about 2-15 minutes. If the adhesives are cured at room 
temperature it takes a lot longer. To make sure that the wood is dry and hard after curing, 
the wood has to rest for up to seven days (Thompson, 2007). 

Automated wood laminating processes are fast and low costs. Manual processes are more 
expensive since it requires high skill (Thompson, 2007). 

The energy consumption of wood lamination is largely determined by the curing method 
used; curing at room temperature for instance consumes no energy. The waste that is 
generated post forming is either reused or burnt for energy recovery. It is a rather 
environmentally friendly process since the wood often is sourced locally (Thompson, 
2007). 

Steam Bending 

Steam bending is widely used in the furniture, boat and construction industry. Bentwood 
was developed in the 1850s by Michael Thonet when he started making the chair type No 
14 (currently known as No 214) that can be seen in Figure 36. Bentwood can be 
recognized by the grain running along the length of the timber. This adds strength and 
reduces springback in the bend. Hardwoods are best suited for steam bending. If the 
wood splits during bending it is often because there are knots or other defects in the grain 
(Thompson, 2007). 

 

Figure 36. Chair type No 14 was produced in the 1850s by Michael Thonet (Multi Story Thinking, 2009). 

An advantage of steam bending is that strong parts with light weight can be produced. 
Precision parts can not be made due to the nature of the wood. Complex shapes can be 
made but they need to be made in different sections that are joined afterwards. To prevent 
bentwood from unwinding, the parts may need to be anchored (Thompson, 2007). 

If a part is supposed to have a profile, the profile needs to be made before bending. This 
is both easier and reduces cost. Although, it is possible to post form the shape to some 
extension. Square and circular cross-sections are the most effortless to bend (Thompson, 
2007). 

Steam bending is made in three stages: soaking, steaming and final drying. The different 
stages make the cycle time slow; soaking takes 24 hours, steaming takes 1-3 hours and 
final drying can take up to 48 hours. The required skill of the craftsman determines the 
cost of this process (Thompson, 2007).  

Steam bending is an environmentally friendly process that uses locally sourced wood and 
the process is not energy consuming (Thompson, 2007). 
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2.5.4 GLASS 

Glass is used in some coffee jugs today at Electrolux. They have been made with 
mechanized glassblowing.  

Glassblowing 

There are mainly two sections of manufactured glass: studio glass and mechanized 
production. Studio glass is generally unique, artistic pieces. Mechanized production is 
usually done by pressing or by both pressing and blowing. Glassblowing is used in 
tableware, cookware, food, storage, pharmaceutical packaging etc. (Thompson, 2007). A 
press mold is seen in Figure 37 together with plunger; together they form a vase. 

 
Figure 37. A press mold to the left with a belonging plunger to the right. This particular mold is supposed 

to be used by one glassblower, making pieces one at a time (Glassblower Info, 2009). 

Studio glass is only limited by the skill of the glassmaker and the size of the “glory hole” 
seen in Figure 38 (Thompson, 2007). 

 
Figure 38. The size of studio glass is limited by the size of the “glory hole” (Murano Glass Shop, 2009).  

The tools and long set up time make mechanized glassblowing expensive. Considerations 
should be made when designing a product so that stress concentrations do not occur. 
Smooth and symmetrical shapes reduce stress concentrations and allow more possibilities 
within decoration (Thompson, 2007). 

Glass is long-lasting and can be recycled immediately in the manufacturing process. It 
can be melted down several times without degrading which make it perfect for repeated 
recycling. Glass is made at very high temperatures. Manufacturers use a lot of energy if 
the glass has a long and inefficient production line where it needs to be reheated from 
time to time. Progress has been made and production lines are now made more efficient 
to save in on energy consumption (Thompson, 2007). 
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2.5.5 CERAMICS 

Clay-based ceramics could be used in for instance a water kettle. Manufacturing methods 
for clay-based ceramics are presented below. 

Ceramic Slip Casting 

This method could be used to make water kettles, coffee jugs and maybe even parts for 
the bottom of blenders or the stick mixer handle.  

Ceramic slip casting, see Figure 39, is used to make household objects and tableware. 
There are different molds; plaster molds that can produce up to 50 parts and molds used 
in automated slip casting that can produce thousands of parts before being replaced 
(Thompson, 2007).  

There has to be a good balance of thickness and size in the product. Larger parts have to 
be made with a greater wall thickness due to sustainability but a greater wall thickness 
encourages the product to crack more easily when it dries. Porcelain is very sensitive 
when it is burned in the oven (Lena Rask, personal contact, 9 March, 2011). 

Choice of material, shape, thickness, size and glaze all affect on how shockproof the 
product is and how well the product can stand thermal chock (Lena Rask, personal 
contact, 9 March, 2011). How well the product can stand thermal chock also depends on 
how the material is burnt. The temperature usually ranges between 800 ºC and 1200 ºC so 
the result varies and there is no general number on how well stoneware or porcelain can 
stand it. There is a risk that when products are exposed to thermal chock, small cracks are 
created that does not show but will make the product more brittle. Although, companies 
like Höganäs and Rörstrand test their products to make sure that they attain the right 
quality (Lena Rask, personal contact, 9 March, 2011). 

Parts with simple shapes and details can be slip cast in one operation while more complex 
details may have to be divided and slip cast in several operations and then assembled. 
Assembly increases the cost but in some cases it is inescapable. Considerations should be 
made in the design stage so that assembly is circumvented (Thompson, 2007). 

 
Figure 39. Ceramic slip casting (Greenstone, 2011) 

The process of casting is rather expensive and slow but more flexible in shape and size 
than other methods (Lena Rask, personal contact, 9 March, 2011). It is difficult to obtain 
exact measurements since the products can shrink up to and around 30 % when it is 
burned. The shape can also be altered during the burning in the oven. It is therefore 
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important have a project team with good knowledge in these different areas to obtain a 
desired result (Lena Rask, personal contact, 9 March, 2011). 

The quality of the plaster mold is essential to the quality of the slip casting. High skill is 
required to create them and they can be made out of different materials, including clay, 
wood and rubber. The labor costs can be very high if a highly skilled operator is needed 
(Thompson, 2007). 

All material used before the part is fired can be recycled instantly. The fired material can 
not be recycled (Thompson, 2007). 

Press Molding Ceramics 

This method is used to make shallow parts in ceramics. Press molding ceramics is often 
used for mass production of ceramics, see Figure 40. Parts with an even wall thickness 
are achieved by forcing and compressing clay into sheet geometries (Thompson, 2007). 
Products made by press molding include: flatware (plates, bowls, cups, saucers etc.), 
sinks and basins, jewelry and tiles. There are two common techniques used for press 
molding ceramics: jiggering and ram pressing. Both techniques can be automated but 
jiggering is usually executed manually. Only parts that are rotationally symmetrical are 
possible for jiggering. Ram pressing allows more freedom in the parts geometry; 
symmetrical, oval, square, triangular and irregular shapes are possible (Thompson, 2007). 

      
Figure 40. An overview of press molding ceramics is shown to the left (Sinotech, 2010) and an example of 
a part being made from the same method is shown to the right (HJ Dragon China Industrial Limited, 2011). 

Pottery materials are used in press molding ceramics. The products are glazed to make 
the surface more vitreous and watertight. Products made by press molding are uniform 
and have fewer tendencies to warp than products made by slip casting. To be able to 
make uniform, repeatable products with ram pressing, it is important that the two-part 
mold is well made. A one part mold and a profiling tool are used for jiggering, which 
make the process less expensive and more suitable for prototyping or small production 
(Thompson, 2007). 

The heat from the ram pressing molds hardens the clay during the process and makes it 
possible to remove the part instantly after the pressing cycle. This is a large benefit 
compared to jiggering, where the part has to be left to dry on the mold. Manual 
operations can lead to quite high labor costs while automated processes are relatively low 
in cost.  

All scrap is generated at an early stage and can therefore be recycled immediately in the 
process (Thompson, 2007). 
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2.6 FINISHING METHODS 

Since the materials should be used in small domestic appliances it is important that they 
have certain properties. For example; a material that is used in a kettle must tolerate hot 
water and thermal chock. Questions about surface treatments were asked to University 
Teacher Anders Eliasson (Ceramic Technology) and Professor Mats KG Johansson 
(Fiber and Polymer Technology) at KTH to find out more about how materials act and 
how they can be treated to tolerate more than they do naturally.   

In general, all materials can be surface treated with a protective or decorative coating to 
minimize the risk of color changes etc. However, to make that possible, the material often 
has to be treated in beforehand so that the protective coating sticks to the surface. 
Otherwise the color may flake off etc. It is better to use a material that has properties that 
does not need a protective coating. Polymers/Fiber materials are in general more sensitive 
to this than metals/ceramics (Anders Eliasson, personal contact, 17 November, 2010). 
Surface treatments/coatings are used to almost every product to change the bulk 
material’s properties and add new properties to a product. The treatment is done 
according to what look the product should have, which material that is surface treated and 
what constraints the certain application requires. Every application has to be treated 
separately (Mats K G Johansson, personal contact, 17 November, 2010). 

The choice of bulk material is often limited by what the product is exposed to, but a 
surface treatment/coating can give a certain protection i.e. expand the range of use. An 
example of an expanded range of use is wood used outdoors that would degrade if it was 
not treated with some kind of protection. In some cases, a surface treatment/coating can 
not change any properties (Mats K G Johansson, personal contact, 17 November, 2010). 

There are many ways of obtaining a nice, exclusive finish on materials. Not all materials 
are compatible for the different methods, see Table 2.  
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Table 2. An overview of the compatibility of the different finishing methods is presented here.  

  Plastic  Metal  Wood  Glass  Ceramics 

Abrasive Blasting  X  X  X  X   

Anodizing    X       

CNC Engraving  X  X  X  X  X 

Electroplating  X  X    I  I 

Electropolishing    X       

Foil Blocking and Embossing  X    X     

Galvanizing    X       

Grinding, Sanding, Polishing  X  X  X  X  X 

Hydro Transfer Printing  X  X  I  X  I 

Pad Printing  X  X  X  X  X 

Photo Etching    X    X  X 

Powder Coating  I  X  I  I   

Screen Printing  X  X  X  X  X 

Spray Painting    X  X  I  X  I 

Vacuum Metalizing (PVD)  X  X    X  X 

Bold = Used at SDA  X = Compatible, I = May be compatible, 

 

2.6.1 ABRASIVE BLASTING 

When surface material is removed by fine particles blown against a surface with high 
pressure, it is called abrasive blasting. The process produces a finely textured finish and 
has two main purposes: prepare a surface for further operations or apply a decorative 
texture (Thompson, 2007). Abrasive blasting can also be used to remove damaged 
material, such as rotten wood from healthy wood or rust from metal. Decorative 
applications can for instance be signs, metal parts and glassware, see Figure 41. The light 
refraction may increase due to the texture and thereby affect the transparency level of 
transparent materials (Thompson, 2007). This effect is often used for decoration in glass 
and plastic details.  
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Figure 41. To the left: a watch with a bead blasted finish (Watchuseek, 2010). To the right: sand blasted 
glass (Plastolux, 2010).  

The abrasive blast media can be: glass beads, walnut shells, aluminum oxide, steel grit 
and much more (TP Tools, 2011). The result varies depending on the skill of the operator. 
It is important that abrasive media, pressure and distance is custom fitted for each 
production to get a good result. Textures are often laminated or coated after the process to 
prevent the textures from collecting dirt and fingerprints (Thompson, 2007). 

The process may require masks to protect areas from the abrasive blasting. The cost 
varies depending on how complex and big the areas to be blasted are. Waste material can 
possibly be reused if a vacuum system is attached to the blast head (Thompson, 2007). 

2.6.2 ANODIZING 

Anodizing creates decorative and protective coatings on metal parts, usually aluminum, 
by producing an oxide layer on the surface of the material (Anoplate, 2010).  

The aluminum parts works as an anode (thus the term anodizing) that is submerged in an 
electrolytic solution to treat the surface. In the process, an oxide layer is developed on the 
surface of the metal. The oxide layer is hard, protective and self-healing (Thompson, 
2007). 

There are mainly three methods of anodizing; natural anodizing, hard anodizing and 
chromic acid anodizing. Most products that have used an anodizing process have used the 
natural- or hard anodizing method (Thompson, 2007). 

The film of oxide layer is naturally light gray, but it can be colored in various colors, see 
Figure 42. Anodizing is not dependant on textures; it can be applied to several finishes. 
Color effects can be created by removing film sections through laser engraving or photo 
etching. The color of the base material will then build a pattern with the anodized surface 
(Thompson, 2007). 
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Figure 42. A kayak in polycarbonate material with an anodized aluminum frame to the left (Yeahs, 2008) 

and an anodized telephone by Bang & Olufsen to the right (ABT, 2010).  

Sharp corners should be avoided when a product is going to be anodized (Mat Web, 
2011). Acidic chemicals are used in this process, but companies are usually monitored to 
ensure that they do not pollute wastewater or landfill (Thompson, 2007). 

2.6.3 CNC ENGRAVING 

CNC and laser technologies are the most common methods used for engraving. CNC 
engraving is a high quality process which is precise and repeatable. The applications can 
for instance be measuring instruments, control panels and jewelry (Thompson, 2007). 

Plastic, metal, wood, stone, glass and ceramic can all be engraved but not that many offer 
the service for every material. Not all have the cutting tools needed and the dust 
generated in the process can become harmful for certain materials. Sizes can range 
widely but a standard bed is usually no more than two square meters. Material waste 
created in this process is normally not recycled (Thompson, 2007). 

2.6.4 ELECTROPLATING 

This method could be used to create metal finishes on plastic parts. Several functional 
properties can be produced by electroplating; durability and thermal and electrical 
conductivity for instance (Thompson, 2007). 

A thin film of metal is applied to another metal surface through an electrolytic process 
where a metallurgical bond is created between the two metals. Since two metals are used, 
the electroplated metals can benefit from a combination of properties (Thompson, 2007). 
Electroplating is often used in jewelry.  

If a plastic or other material is coated with an electroless (autocatalytic) intermediate 
layer, it could be electroplated. ABS is the most common plastic that is electroplated 
(Thompson, 2007). 

Hazardous chemicals are used in this process, but extraction and filtration is used to 
reduce the environmental impact (Thompson, 2007). 
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2.6.5 ELECTROPOLISHING 

Electropolishing could be described as the reverse of electroplating. It produces a bright, 
smooth and clean finish by removing material from the surface of a metal. The surface is 
smoothened by immersing the metal into an electrolyte where it is exposed to a rectified 
current, see Figure 43 (Delstar 2011). Electropolishing is used to improve metal surfaces 
by cleaning, degreasing, polishing and thereby enhance the corrosion resistance. The 
finish is hygienic and more resistant to corrosion (Thompson, 2007).  

    

Figure 43. From left to right: an electropolishing process and electropolished products (Delstar, 2011). 

Stainless steel is mostly used for electropolishing but other metals can also be treated. 
The process can be automated to some or full extent which makes labor costs relatively 
low (Thompson, 2007). 

Electropolishing uses less water and chemicals than similar processes (for instance 
electroplating) and is therefore more environmentally friendly. It is also more cost 
effective since it is a simpler process than electroplating chrome for example. 
Electropolishing increases the material’s natural protection against corrosion, making the 
material last longer, and it reduces material consumption since the process removes 
material instead of adding material (Thompson, 2007). 

2.6.6 FOIL BLOCKING AND EMBOSSING 

Foil blocking is often used to make “metallic” prints on various products from Electrolux. 
Foil blocking and embossing are dry processes that use a profiled metal tool to apply an 
image in foil or a relief pattern, see Figure 44. The foil is what sets the two processes 
apart. The foil is applied in the tool during stamping. Foil blocking is also called foil 
stamping, hot stamping and gold foil blocking (Thompson, 2007).  

 

Figure 44. Embossing in leather to the left (Joseph Dixon, 2009) and details in foil blocking to the right 
(Electrolux, 2011b). 
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These methods are rapid, repeatable, satisfying and inexpensive. The machined tool 
leaves a reverse image or pattern on the surface. The methods are common within the 
printing industry to print for example; book covers, packaging, flyers and CD cases. 
Paper, wood, plastic and leather can all be printed. Films for in-mold decoration are made 
by foil blocking and wood imitations on plastic can also be made using a rotary foil 
blocking technique. The quality of the print is determined by the setup and the machine 
(Thompson, 2007). 

The foil is protected from tear by the impression but thin materials might have a raised 
surface on the reverse side that may not be desirable (Thompson, 2007).  

The foil can be metallic, glossy, matt, holographic, patterned or clear but not every foil is 
suitable for intricate details. Bold typefaces might be hard to print due to the small holes 
in the letters which require small dots (Thompson, 2007). Cylindrical shapes are more 
expensive than flat ones since the cylindrical shape require special tooling, but in general 
the tooling costs are low (Thompson, 2007). 

Most foil is used within the design area so there are not much waste (Thompson, 2007).   

2.6.7 GALVANIZING 

To prevent steel and iron from corroding, they are hot dipped in molten zinc, see Figure 
45. The zinc forms a metallurgical bond to the steel/iron surface and protects the 
steel/iron. Zinc reacts with atmospheric elements before iron and can therefore protect the 
material even if it is penetrated; the zinc layer forms a deposit over the exposed area that 
protects the base material (Thompson, 2007). 

 
Figure 45. An example of the procedure of hot‐dip galvanizing (American Galvanizers Association, 2008).  

There are two ways of galvanizing; hot dip or centrifugal galvanizing. In the centrifugal 
process, the parts are dipped in molten zinc and then spun. Excess zinc is removed by the 
centrifugal forces, which also produce a uniform and even coating (Thompson, 2007).  

Galvanized products can be: stairwells, walls, floors, furniture etc. The galvanizing 
process can increase the life of steelwork up to 100 years.  

The zinc that is not used in the process is drained back into the galvanizing bath to be 
reused. Zinc does not lose any physical or chemical properties for the foreseeable future 
when it is recycled (Thompson, 2007). 
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2.6.8 GRINDING, SANDING AND POLISHING 

Grinding is used to create different finishes on hard materials. The process can for 
instance be used to cut into or through materials or prepare a surface for secondary 
operations. A variation of abrasive materials are used; metal, mineral, maize seed and 
more (Thompson, 2007). 

Sanding is a process where different abrasive-coated substrates are used to wear down a 
surface. Sand, garnet, aluminum oxide or silicone carbide is used as abrasive particles 
(Thompson, 2007). 

Polishing is a process that uses grinding and sanding on hard surfaces to produce a bright 
and glossy finish. The abrasive particles are mixed with paste, wax or liquid to produce 
the finish. The result of polishing is a surface that is hygienic and easy to clean compared 
to for instance satin finishes or fine textures that are harder to clean (Thompson, 2007). 

Grinding, sanding and polishing are used both by professionals and amateurs. The 
processes can be used to produce finishes on wood, metal, plastic, ceramic and glass. The 
quality of the finish is determined by how hard the material is. A hard material or surface 
can obtain a finer surface than softer ones. Precision grinding and polishing can only be 
applied to flat, cylindrical and conical shapes since the parts have to be rotated or moved 
back and forth. More complex shapes can be used in cosmetic grinding and polishing 
since the process can be carried out manually. The cost of these processes varies between 
10 – 60% of the material cost, depending on the reflectivity of the desired surface finish 
(Thompson, 2007). 

2.6.9 HYDRO TRANSFER PRINTING 

This method could be used to make plastic imitate other materials. A part is put in a bath 
of water with a transfer film on the surface (Thompson, 2007). The film is wrapped 
around the part using the pressure from the water. This process is also known as aqua 
graphics, immersion coating and cubic printing. Hydro transfer printing is used for 
decorative reasons, mostly for imitations as can be seen in Figure 46 (Thompson, 2007). 

  
Figure 46. Examples of finishes produced by hydro transfer printing (Hydro Shock Grafix, 2010, Ski 

Goggles, 2010 and Bikermart, 2008).  

The complexity of the graphics has no influence on cost since it is printed digitally onto 
the transfer film. A common application for this is the automotive industry where the 
plastic interior details often are made to imitate wood or metal. It is also used in helmets 
and mobile phone covers (Thompson, 2007). Rowenta uses hydro transfer printing to 
imitate wood in their collection Silver Art, see Figure 47. 
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Figure 47. Rowenta has made a juice extractor with some design features in wood imitation, created 
through hydro transfer printing (Breadbox, 2009).  

The parts are spray painted before and after the immersion process, so the result is just as 
durable as a spray painted coating (Thompson, 2007). The basecoat ensures that the film 
attaches to the part properly and the topcoat seals it. The transfer film, see Figure 48, is 
almost transparent so the basecoat determines the quality of the color. A complex part 
may have to be dipped twice to get a pleasing result. When a part needs to be dipped 
twice, half the part must be masked the first time. Even though the ink will not stick to 
itself, it can be hard to make a clean join line since it is hard to control how the transfer 
film is wrapped around the part. An outlet for air might be necessary to control bubbles 
that may occur in the film where recesses and holes are located (Thompson, 2007). 

 
Figure 48. The hydro transfer printing process (Catalyst. 2009). 

Materials that can be spray painted can usually be hydro transfer printed. The most 
common materials used are plastic and metal. There are no tooling costs but jigs may 
have to be produced to be able to dip several parts concurrently. The process includes 
several sprays, thinners and chemicals but all contamination can be filtered and taken 
care of safely (Thompson, 2007). 
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2.6.10 PAD PRINTING 

Pad printing is used today at Electrolux for vacuum cleaners amongst other things. Pad 
printing is also known as tampo printing. The ink is applied with a silicone pad, see 
Figure 49, which makes it possible to print on 3D surfaces.  

 
Figure 49. Pad printing can be used on different products in various sizes, a pocketknife is being printed 

here (Aceros de Hispania, 2010). 

Pad printing is accurate and it is mostly used for graphical details. The process is used on 
many products, including remote controls, mobile phones and golf balls (Thompson, 
2007). 

The quality depends on the printing plate, also called cliché. Details can be down to 
0,1mm. The silicone pad will transfer all ink from the printing plate onto the part, see 
Figure 50 (Thompson, 2007). The maximum size of the print is determined by the size of 
the cliché. Tooling- and labor costs are relatively low. The cliché is cut photochemically 
or by CNC machining and it is usually an expensive part. Multicolor prints are not 
required to dry between printings so it does not add much time to the process (Thompson, 
2007).  

 

Figure 50. The pad printing process (PDS Consulting, 2007). 

The ink used is solvent-based; the water-based ink does not stick to the silicone pad. 
Materials with lower surface energy than the silicone pad, for example PFTE, can not be 
printed (Thompson, 2007a, p. 406).  
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2.6.11 PHOTO ETCHING 

Photo etching, also known as acid etching or wet etching, means that surface material is 
removed chemically. Patterns can be made by masking parts that should not be removed 
with a resist film. The unprotected surface will dissolve while the protected parts remain 
untreated, see Figure 51 (Thompson, 2007).   

 

Figure 51. Simplified photo etching process: the part is first covered with a photosensitive resist film, the 
film is then masked where etching should be performed while the exposed film hardens in the UV light, 

the hard film protects the metal while the metal under the soft film is removed chemically.  

Decorative surfaces can easily be created this way; examples can be seen in Figure 52. 
Signs and control panels are two examples where photo etching can be applied 
(Thompson, 2007). 

 
Figure 52. Photo etched glass to the left (Zenith Safety Glass, 2010) and etched steel to the right (The Inox 

in Color, 2010).  

The process is precise and relatively low cost. The result is determined by the quality of 
the resist film. Since there is no heat in this process, properties like ductility and hardness 
of grain should not be affected. Photo etching is suitable for both prototyping and mass 
production since tooling costs are low. The negative of the desired graphics is the only 
tool needed. Multiple layers of etching are possible but the cycle time increases 
considerably (Thompson, 2007). 

Photo etching and similar processes, are in general restricted to sheet materials. Complex 
surfaces and thick materials can have a similar effect by applying a chemical paste 
instead of letting the part pass under nozzles. (Thompson, 2007). 

Most metals can be etched but the processing time varies. Aluminum has a short 
processing time while stainless steel has a long processing time. Glass and ceramic can 
also be treated by this process but another type of photo resist and etching chemical is 
needed.  

There are several harmful chemicals in this process. Removed metal dissolves in the 
etchant. Offcuts are recycled (Thompson, 2007). 
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2.6.12 POWDER COATING 

Powder coating can be used to make decorative coatings on metals or plastic. The method 
is primarily used to prevent metals from corroding, but it is also used for decorative 
applications, see Figure 53. It is used to protect and color aluminum and steel but new 
technologies make it possible to coat certain plastics and composite wood as well. Glass 
can also be powder coated but with a certain powder coating method; fluidized bed 
method (Thompson, 2007). 

To be able to achieve a durable finish on steel, it has to be galvanized before applying the 
coating. Otherwise the steel would rust, causing the powder coating to flake. The powder 
coating consists of a polymer coating which is baked in an oven onto a part. The result is 
a shiny, strong and tough finish (Thompson, 2007). 

 

Figure 53. From left to right: a powder coated tap (Hus & Hem, 2010) and a powder coated chair 
(Monarch Powder Coating, 2011). 

The powder consists of; resin, pigment, filler and binder. The ingredients are blended and 
then ground into a fine powder. The powder, which can be airborne or fluidized, is 
bonded to the surface electrostatically. The electrical potential difference varies in thick 
and thin coatings, which encourages the powder to spread so that the surface will be 
uniform (Thompson, 2007). 

Different additives can be used to create decorative effects as well as better material 
properties (UV-stability etc.). The surface of powder coated products can be metallic, 
textured, wood-grain and an endless variety of colors can be used (Thompson, 2007).  

2.6.13 SCREEN PRINTING 

Screen printing is also known as silkscreen printing. The process can apply graphics with 
wet ink on flat and cylindrical surfaces. The process generates a good result no matter if 
it is operated manually or by a mechanized system. It can be applied on; textiles, paper, 
plastic, glass, ceramic and metal. Wallpaper, clothes and banknotes are examples of 
products that use screen printing, see Figure 54 (Thompson, 2007). 
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Figure 54. An example of how a screen print is made (Photoshop 911, 2011).  

Screen printing generates a print with sharp edges; the ink does usually not bleed. The ink 
can have most colors and it is even possible to have metallic, pearlescent, fluorescent, 
thermochromatic and clear varnish. It is possible to either print directly onto a product or 
onto an adhesive label. If more than one color is desired, time will have to be added. 
Separate screens have to be used for each color and the color also has to dry before the 
next one is added. Multicolor are therefore more expensive and labor costs can be quite 
high for manual work (Thompson, 2007).  

Inks used on light surfaces are often less harmful to the environment than other inks. The 
chemicals used in the process can be retrieved and recycled (Thompson, 2007). 

2.6.14 SPRAY PAINTING 

This method can be used to make glossy, glittery and other finishes on plastic, metal, 
glass and sometimes even on wood and ceramics. It is used today at Electrolux in 
particular to color plastic parts.  

Spray painting is used for several functions; filler, primer, color, decoration and 
protection. First, a base coat is applied. This provides a monotone background for the top 
coat. Second, the top coat is applied. The top coat is usually clear and contains flakes of 
color. This brings a depth to the surface since the flakes are positioned near the base coat 
while the surroundings are clear. Spray painting is often used to color metal- and plastic 
parts (Thompson, 2007). 

The method is more environmentally friendly when using water-based paint instead of 
solvent-based paint (Thompson, 2007). 

2.6.15 VACUUM METALIZING (PVD) 

Vacuum metalizing, or physical vapor deposition (PVD), is used today at Electrolux to 
make metallic finishes on plastic parts. The method is used for both decorative and 
functional reasons (Thompson, 2007). It is the most common way of creating a chrome 
finish on plastic parts (Muellercorp, 2010).  

A high-gloss film of metal is created on a surface by a cloud of vaporized metal that 
condenses onto the surface, see Figure 55. High vacuum and electrical discharge is used 
to vaporize the metal (Thompson, 2007). The metal used is often aluminum but it can 
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also be silver and copper for instance. The process is used to improve the surface quality 
and the coloring capabilities are also enhanced in the process. Functional coatings can 
provide for example electromagnetic interference, light reflection or an electrically 
conductive surface (Thompson, 2007). Vacuum metalizing does not have the same 
durability or corrosive resistance that electroplating does (Muellercorp, 2010). 

  
Figure 55. An example of the PVD process (Dow Corning, 2011). 

Many materials can be coated through this process; plastic, ceramics, glass and metal. 
Natural fibers are not appropriate because of the moist. Cost is relatively low since no 
tools are needed and the process is both controllable and repeatable, which makes the 
process suitable for both prototyping and mass production. Vacuum metalizing is used on 
for instance metalized plastic films and consumer electronics (Thompson, 2007). 
Examples of vacuum metalized products can be seen in Figure 56.  

 
Figure 56. Products that have been coated through PVD; from left to right: the Copper Shade by Tom 

Dixon (Ambiente Direct, 2011) and C3PO's head from Star Wars (Mirror, 2008). 

The parts are rotated during the metalizing process which gives them an even coating, but 
undercuts and recesses can still occur. A more expensive method which gives a more 
dynamic coating can be achieved by replacing the vacuum with argon gas (Thompson, 
2007). 

The size of the vacuum chamber and the part geometry decide what size the part can be. 
If the part is complex and many parts should be metalized the labor costs can be high. 
There is not much waste in this process (Thompson, 2007). 
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2.7 PERCEPTION  

Fingers and lips are the two most sensitive parts of the body that registers touch. The 
acuity of the mouth and fingers lies within 1-5mm; the acuity is defined by using a pair of 
calipers, the caliper is placed on the skin and when the subject can reliably register two 
points instead of one, the acuity is defined (Mather, 2006). 

There are five different receptors underneath the skin that registers touch, see Figure 57 
and Table 3. Four of them have encapsulated nerve endings while one has free nerve 
endings. A free nerve ending communicates pain from tissue damage and if something is 
perceived as hot or cold.  

Table 3. Descriptions of different receptors located underneath the skin (Mather, 2006a, p. 56).  

Touch receptor   Location  Sensory function 

Free nerve endings  All skin, superficial  Pain, temperature, tickle 

Meissner’s corpuscles  Glabrous skin, superficial  Light, dynamic touch 

Merkel’s disks  All skin, superficial  Static pressure 

Pacinian corpuscles  All skin, deep  Pressure, vibration 

Ruffini’s corpuscles  All skin, deep  Stretching of skin 

 

Pacinian corpuscles respond at a high rate to high-frequent vibrations on the skin, for 
example the touch of a fine-textured surface. Merkel’s disks and Ruffini’s corpuscles 
respond quite slow and react to steady, monotonous mechanical stimulation. Meissner’s 
corpuscles are somewhere in between and can detect dynamic stimulation. The 
perception of the skin consists of the combined signals provided by the different 
receptors (Mather, 2006). 
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Figure 57. The position of the different touch receptors are shown in a cross‐section through a region of 

hairless skin (redrawn from Mather, 2006b, p. 57 that was redrawn from Purves et al, 2001).  

There are not any remarkable differences in perception between the two sexes. The mean 
scores among the two sexes show that there is a difference but the variability of the 
scores shows that the difference is minimal when studying individuals (Mather, 2006). 

The perception of materials and the experienced pleasantness can possibly be related to 
the two-point acuity of touch. The tip of the index finger has a threshold of 2-5mm 
(Mather, 2006). 
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PART 3 

The thesis project is encapsulated in this part that consists 
of information about the tests, compilation of tests and pre 
study, result, discussion, recommendations and future 
work.  
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3 TESTS 

Tests were performed to find out more about how different materials are perceived. This 
chapter describes how and why the different tests were conducted.  

 
The functions of a surface can be divided into three categories; technical/mechanical, 
environment resistant barrier and decorative, see Figure 58. The technical/mechanical 
function depends on the material used. The function of the environment resistant barrier 
depends on which environment the material is used in. The decorative function depends 
on which lighting is used and the optical properties of the material (Mattsson, 2005).  

 
Figure 58. The three categories of the functions of a material surface (redrawn from Mattsson, 2005).  

Surfaces can be experienced subjectively (personal taste and mind) or objectively 
(measured) (Mattsson, 2005). The material investigation included two types of tests; one 
to measure the subjective side of material surfaces and one to measure the objective side 
of material surfaces. One aim with these tests was to see if there was a connection 
between the surface frictions of materials and how it was perceived. Another aim was to 
evaluate if any of the different experienced material properties had any connection to the 
way people perceived the material. A third aim was to see if there where any new 
applications that could be interesting based on the test results. 

The layout of the tests was inspired by earlier work from Sofia Nylén (2009) and Johan 
Hellström (personal contact, 25 November, 2010), students at KTH.  

3.1 SUBJECTIVE TESTS 

To find out how different materials are perceived by users, three tactility tests were made; 
the first and second using materials existing in today’s products and the third using new 
materials. 

When touching a material or product, a combination of the thumb and fingers are often 
used to get a good perception of the material. Measuring this combination of fingers is 
hard, especially when both the material and grip is of interest and hard to replicate.  

Since the fingertips and thumb are in an almost circular movement and different people 
use different pressure when touching a material; this is a motion that is very hard to 
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measure and generalize. To be able to measure the friction of the fingertips, which is 
individual and varies between all people, a known material has to be used so that the 
surface friction of that material can be taken into consideration when analyzing the result. 
If testing the friction of the fingertips that way, maybe an average value of the friction of 
the fingertips can be obtained. Examining the perception of a material using both thumb 
and other fingers would take too long to execute since a lot of research and testing have 
to be made. Therefore, a simplified version of testing was conducted to examine any 
differences between touching a material with the thumb and touching a material with the 
index-, long- and ring finger.  

The first tactility test was conducted using the index-, long- and ring finger and the 
second tactility test was conducted using the thumb. The second test was an exact copy of 
the first test (except for the difference of using the thumb instead of using the index-, 
long- and ring finger) which made it possible to compare the result.  

The tests consisted of a questionnaire that can be seen in Appendix 3. The questionnaire 
was answered while touching material samples hidden in a box and materials on products 
underneath a fabric. The layout of the material samples in the box from the three tactility 
tests can be seen in Figure 59. The questionnaire consisted of two parts; a tactile part 
(Part 1) where the user could not see the samples and a tactile and visual part (Part 2) 
where the user could both touch and see the samples. After the test persons had touched 
the samples without seeing them, they got to see all the samples before touching them. 
They then got to write down spontaneous reactions to the exposed samples without 
touching them. The test persons were not allowed to view Part 1 when executing Part 2.  

 
Figure 59. The first 8 of the material samples from the first and second tactility test are shown to the left. 
Samples 1‐8 and 13‐14 from the third tactility test are shown to the right. The box had its lid on during the 

tests and the test persons put their hands through the holes and evaluated the samples.  

The test persons valued the material samples on a relative scale between one and five 
within different categories. The categories were; heat (cold 1 – warm 5), wet (dry 1 – 
moist 5), hard (soft 1 – hard 5), rough (fine 1 – rough 5), pleasant (unpleasant 1 – 
pleasant 5), trustworthy (unreliable 1 – reliable 5), exclusive (cheap 1 – expensive 5) and 
quality (bad quality 1 – good quality 5). The test persons had to wash their hands with 
disinfectant before starting the test as a type of calibration. Then they had to touch all the 
samples before starting the evaluation to make sure that the samples were valued 
reasonable and in relation to each other.  

The third test that consisted of new materials depended on the first and second test. The 
test that got the widest spread between the materials in the average result within the 
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different categories was considered to obtain the best result of perception. Either the 
index-, long- and ring finger would get the best perception or the thumb would. The 
finger/fingers that gave the best result was/were going to be used in the third test.   

3.2 OBJECTIVE TEST 

A test was made to measure the friction- and normal force that was generated between 
each material sample and the fingertips of each test participant when touching a sample. 
This was made by using measuring equipment that registers touch. 

The test persons used the same fingers as in the first tactility test (TTNo1) during this 
test; their index-, long- and ring finger. The test persons were first asked to wash their 
hands with disinfectant, exactly like in TTNo1, and then they got to stroke each sample 
ten times in a movement towards themselves. They were told to use the amount of force 
they need to get a good perception of a material.  

Three fingers were used during the friction test and each finger generated a normal force 
and a friction force during the movement, as seen in Figure 60. The friction force, Ff, 
depends on the friction coefficient, µ, between the finger and the material sample and the 
normal force, N. The normal force is a reactive force generated by the force used by the 
test person.  

 
Figure 60. Three fingers were used during the friction test; here is a simplified picture of the forces 

generated in the movement when the test persons touched the different samples.   

Each material sample was placed on a Kistler sensor that was able to measure these 
forces. The computer program LabVIEW was used together with the measuring 
equipment to gather data on the force and friction.  

The data was analyzed in the computer program TaCal (Hellström, J., 2011). The 
computer program translated the data values into comprehensible charts and calculated 
the average values of the ten strokes for each test person. The average value of the 
different forces generated and the time that each stroke took was calculated by the 
program. Equation 1 was used to obtain a value of the friction coefficient, µ, by using the 
average frictional and normal force from each test person as Ff and N.   

N

Ff      (1) 

The average values of all test persons were calculated after that. The average values of 
the friction force, normal force, friction coefficient and the time that each stroke took of 
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the different test persons were calculated. The values from the test were then compared to 
the subjective test results in hope to find a coefficient of friction that was perceived more 
pleasant than others. If such a friction coefficient existed it could help the designers and 
buyers at Electrolux when they talk to suppliers and ask for samples.  

3.3 CONTACT SURFACES 

Contact surfaces of a product were analyzed to see the pressure distribution on the 
hand/product and which areas of the hand that was in contact with the product. Materials 
within that area of the product should be taken into special consideration since the 
perception of the material in that part is much greater. It is also important for ergonomic 
reasons. The handle of a handheld vacuum cleaner was used in the analysis, see Figure 
61.  

 

Figure 61. The hand held vacuum cleaner used when looking at contact surfaces (Allinredning, 2011). 

The contact surface was obtained by grabbing the handle after attaching a paper called 
Pressurex-Micro on the handle. The film is very sensitive and works almost as carbon 
paper. Pressurex-Micro generates a gray-scale print by pressure; the greater the pressure 
the darker the print. The print produced by the paper was scanned and the area was 
measured.  

The handle was also evaluated by a test group of seven people to see if there was any 
inconvenience in the handle caused by the choice of material. The persons had to 
evaluate the product in two scenarios; the first by pretending that they saw the product on 
the shelf and then describing their thought, the second by pretending that they were using 
the product at home and then describing their thoughts about the product.   
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3.4 CHOICE OF MATERIALS 

When choosing material samples for the tests there were some requirements made:  

 Different colors of materials will be included. 

 Different textures of materials will be included.  

 In the first and second tactility test; the material is used in a product made by 
Electrolux. 

 In the third tactility test; the material will be able to be used in a product made by 
Electrolux.  

It was also desired that the material samples in the first tactility test were able to be 
mounted onto a Kistler sensor and if possible, it would be good to have the same material 
sample in different colors.  

The materials that were given the lowest and highest values in the first tactility test were 
also included in the third tactility test so that all materials could be compared more easily. 
If they were not included, it would be impossible to say whether the new materials were 
found more pleasant then the old ones or not.  

The first and second tactility test included 11 material samples (whereas three were 
materials on products) and the third tactility test included 14 material samples (whereas 
four were materials on products). 
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3.4.1 TTNO1 AND TTNO2 

Descriptions of the materials used in the first two tactility tests are presented in Table 4.  

Table 4. The table shows information about the different material samples used in the first and second 
tactility test. 

Number  Color and Material of Sample  Designation  Used in Product at Electrolux 

1  Black Plastic  MT10443*  ‐ 

2  White Transparent Plastic  MT10442 with MT9055 
on the bottoms* 

Surface on the side of some 
vacuum cleaners. Seen in 
transparent color variations.  

3  White Transparent Plastic  MT10443 with MT9055 
on the bottoms* 

‐ 

4  Black Plastic  MT10442*  Surface on the side of some 
vacuum cleaners and surface 
on the handle of some 
vacuum cleaners. Seen in 
black.  

5  Black Plastic  MT8761 X‐light*  Underside of the vacuum 
cleaner. 

6  Black Plastic  MT8763 Heavy*  May be used as a surface in a 
lamp detail on the nozzle of 
the vacuum cleaner. Seen in a 
transparent white color to 
diffuse light better.  

7  Grey Plastic  Polish*  Used in almost every product 
in different colors.  

8  Black Plastic  MT8762 Medium*  May be used as a surface in a 
lamp detail on the nozzle of 
the vacuum cleaner. Seen in a 
transparent white color to 
diffuse light better. 

9  Polished Stainless Steel   Polished Stainless Steel  Used as side of a coffee jug. 

10  Silver Soft Paint  Soft Paint  Handle of a hand vacuum 
cleaner.  

11  Pigeon Blue Rubber  Rubber  Handle of an iron. 

* Electrolux Floorcare Texture Standards, Steel P20, Standex, Mold Tech 
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The samples can be seen in Figure 62.  

           

            

       

Figure 62. From top left to bottom right: material sample number 1 to 11.  
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3.4.2 TTNO3 

Descriptions of the materials used in the third tactility test are presented in Table 5.  

Table 5. The table shows information about the different material samples used in the third tactility test. 

Number  Color and Material of Sample  Designation  Used in Product at Electrolux 

1  Wood Veneer   American Cherry 
Flowered, Oberflex 

 

2  Wood Imitation, PVC‐foil  2009‐010‐U74D‐0350 
Gislaved Folie 

 

3  Wood Veneer With Brushed 
Aluminum Foil 

Gator Wood Collection 
Brushed Aluminum 
4041, Oberflex 

 

4  Black Plastic  MT10442*  Surface on the side of some 
vacuum cleaners and surface 
on the handle of some 
vacuum cleaners. Seen in 
black.  

5  Black Leather  8175 Tärnsjö Garveri   

6  Hallonberry Polished Plastic  Hallonberry ABS 
Clariant 

 

7  Ebony Stainless Steel  Ebony, Carbon Fibre, 
Sandvik Decorex  

 

8  Amber Stainless Steel  Amber, Raute, Sandvik 
Decorex 

 

9  Polished Stainless Steel   Polished Stainless Steel  Used as side of a coffee jug. 

10  Blue Glass Beaker  Beaker, Blue Organic 
Color Coating, Duran 

 

11  Pigeon Blue Rubber  Rubber  Handle of an iron. 

12  Transparent White Glass 
Beaker With “fish‐bone” 
Printing 

Beaker, Transparent 
White Glass With “fish‐
bone” Printing, Duran 

 

13  Cork  Eslövs Korkfabrik   

14  Brown Anodized Aluminum   Anodized Aluminum, 
HX‐30, Sapa 
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The samples can be seen in Figure 63.  

        

          

          

    

Figure 63. From top left to bottom right: material sample number 1 to 14. 

3.5 CHOICE OF TEST PERSONS 

The target group for the tests was people in all ages with different backgrounds. The test 
persons that were used in the tests were employees at Electrolux and students at KTH. 
The variation of background could be altered somewhat more but the constellation was 
considered satisfactory.  

The first tactility test was performed by 13 test persons; six men and seven women, ages 
between 24 and 46 years.  

The second tactility test, where the thumb was used instead of three fingers, was 
performed by 10 test persons; all test persons where women between 23 and 40 years. 

The third tactility test was performed by 10 test persons, six men and four women, ages 
between 27 and 37 years. 

1  2  3 4 

5  6  7 8 

9  10  11  12 

13  14 
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4 COMPILATION 

The way of analyzing the test results and the information from the pre study is described 
in this chapter.  

 

4.1 PRE STUDY 

The information gathered in the competitive analysis was compiled and analyzed to see 
what information was relevant and what was not. The result from the Internet survey was 
downloaded and compiled to different charts which can be seen in Appendix 2.  
Information about different manufacturing- and finishing methods was sorted out so that 
there would not be excessive information presented in this report.  

4.2 TESTS 

All questionnaires that had been answered were configured to digital charts. The average 
value of each material sample within each valued property was calculated and configured 
to a chart; an example can be seen in Figure 64. The average values made it possible to 
get an overview of the result; they can be seen in Appendix 4. 

Average Response

Cold ‐ Warm

1
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3

4

5

1 2 3 4 5 6 7 8 9 10 11

Material Sample

Tactile Only Fingers Tactile and Visual Fingers

 
Figure 64. The chart shows the average response of how warm the materials felt in the first tactility test 

(TTNo1).  

4.2.1 FINGERS VERSUS THUMB 

The first two tactility tests were done using different fingers. An evaluation was made too 
see if there was a difference between using the thumb or the index-, long- and ring finger. 
The chart of each property was analyzed. The two tactile parts from the two tests were 
compared to each other, excluding any visual impacts, to see if any assumptions could be 
made. As seen in Figure 65, the second test using the thumb generated a more varied 
result of the samples. 
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Average Response
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Figure 65. The chart shows the average response in pleasantness of the tactile part in the first and second 

tactility tests.  

The average result was more varied in six out of eight properties when using the thumb. 
The thumb was therefore considered to give a better perception of a material and the 
thumb was consequently used in the third tactility test. All charts from this tactile 
evaluation between thumb and fingers can be seen in Appendix 5. 

4.2.2 OBJECTIVE AND SUBJECTIVE COMPARISON 

Only the tactile part from the first tactility test was included when comparing the result 
from the subjective and objective test. The visual impact of the evaluation was excluded 
that way. The objective test was performed using the index-, long- and ring finger so the 
second tactility test (where the thumb was used) could not be used in the comparison.  

Only the first eight material samples have been used in the objective test, while eleven 
materials where used in the subjective tests. Therefore, the relative scale in the subjective 
test was not completely fair in comparison to the objective test since the evaluation span 
was wider when material samples 9, 10 and 11 were used.  

4.2.3 PLEASANTNESS 

The material samples were evaluated to see if a relation existed between pleasantness and 
any other properties that they were given in the evaluation. Material samples that 
received an average value over 3 were considered pleasant while the samples that 
received a lower number were considered unpleasant. The evaluated pleasantness can be 
seen in Figure 66. 
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Average Response TTNo3
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Figure 66. The average response in pleasantness in the three tactility tests. 

The evaluation of pleasantness was compiled in tables; one for each part of each test. A 
property that was given a value of 3 in the evaluation (other than pleasantness) was not 
included as a defined property since the value was in the middle of two properties. 

Common combinations of properties that could be related to pleasantness were evaluated 
and the strongest ones are presented in Tables 6-11. All evaluations of the different 
material samples were made in relation to each other.  

Tactile Part 

The first part (where the test persons could not see the samples) in the first test, TTNo1, 
can be seen in Table 6.  
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Table 6. Result from the tactile part of TTNo1. The areas in a darker shade of grey are the samples valued 
as unpleasant. The samples and properties shown in bold are the ones that were valued the highest or 

lowest in pleasantness. The colored fields show common combinations that can be related to experienced 
pleasantness/unpleasantness. 

Material Sample  Experienced Properties Connected To Pleasant/Unpleasant 

1  Warm  Dry  Hard  Rough  Reliable  Cheap  Bad Quality 

2  Warm  Moist  Hard  Rough  Reliable  Cheap  Bad Quality 

3  Warm  ‐  Hard  Rough  Reliable  Cheap  Bad Quality 

4  Warm  Dry  Hard  Rough  Reliable  Cheap  Bad Quality 

5  Warm  Dry  Hard  ‐  Reliable  Expensive  ‐ 

6  Warm  Dry  Hard  ‐  Reliable  Expensive  ‐ 

7  Cold  Moist  Hard  Fine  Reliable  Expensive  Good Quality 

8  ‐  Dry  Hard  Fine  Reliable  Expensive  Good Quality 

9  Cold  Moist  Hard  Fine  Reliable  Expensive  Good Quality 

10  Warm  Moist  Soft  Fine  Reliable  Cheap  ‐ 

11  Warm  Moist  Soft  Fine  Reliable  Expensive  Good Quality 

 

The most common denominator in Table 6 was roughness; materials that were 
experienced to have a rough surface were considered to be unpleasant while fine surfaces 
were considered to be pleasant. Combinations of cold-hard-fine and warm-moist-soft-fine 
also seemed to have a positive impact.  

The tactile part of the second tactility test can be seen in Table 7. 
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Table 7. Result from the tactile part of TTNo2. The areas in a darker shade of grey are the samples valued 
as unpleasant. The samples and properties shown in bold are the ones that were valued the highest or 

lowest in pleasantness. The colored fields show common combinations that can be related to experienced 
pleasantness/unpleasantness. 

Material Sample  Experienced Properties Connected To Pleasant/Unpleasant 

1  Cold  Dry  Hard  Rough  Unreliable  Cheap  Good Quality 

2  Cold  Dry  Hard  Rough  Unreliable  Cheap  ‐ 

3  Cold  Dry  Hard  Rough  Unreliable  Cheap  Good Quality 

4  Cold  Dry  Hard  Rough  Unreliable  Cheap  ‐ 

5  Cold  Dry  Hard  Fine  Reliable  Cheap  Good Quality 

6  Cold  Dry  Hard  Rough  Reliable  Cheap  Good Quality 

7  Cold  Moist  Hard  Fine  Reliable  Expensive  Good Quality 

8  Cold  Dry  Hard  Fine  Reliable  Cheap  Good Quality 

9  Cold  Moist  Hard  Fine  Reliable  Expensive  Good Quality 

10  Warm  Moist  Soft  Fine  Unreliable  Cheap  Good Quality 

11  Warm  Moist  Soft  Fine  Reliable  Expensive  Good Quality 

 

The most common denominator in Table 7 was the same as in Table 6; roughness. The 
combinations of cold-hard-fine and warm-moist-soft-fine seemed to have a positive 
impact even in this test. The combination of cold-dry-hard-rough seemed to have an 
extremely bad impact. 

The tactile part of the third tactility test can be seen in Table 8. 
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Table 8. Result from the tactile part of TTNo3. The areas in a darker shade of grey are the samples valued 
as unpleasant. The samples and properties shown in bold are the ones that were valued the highest or 

lowest in pleasantness. The colored fields show common combinations that can be related to experienced 
pleasantness/unpleasantness. 

Material Sample  Experienced Properties Connected To Pleasant/Unpleasant 

1  Warm  Dry  Hard  Fine  Unreliable  Cheap  Bad Quality 

2  Warm  Dry  Hard  Fine  Reliable  Cheap  Bad Quality 

3  Cold  Moist  Hard  Rough  Reliable  Expensive  Bad Quality 

4  Warm  Dry  Hard  Rough  Reliable  Cheap  Bad Quality 

5  Warm  Dry  Soft  Rough  Unreliable  Cheap  Bad Quality 

6  Cold  Moist  Hard  Fine  Reliable  Expensive  Good Quality 

7  Cold  Dry  Hard  Fine  Reliable  Cheap  Good Quality 

8  Cold  Moist  Hard  Fine  Reliable  Expensive  Good Quality 

9  Cold  Moist  Hard  Fine  Reliable  Expensive  Good Quality 

10  Cold  Moist  Hard  Fine  Reliable  Expensive  Good Quality 

11  Warm  Dry  Soft  Rough  Reliable  Cheap  Good Quality 

12  Warm  Dry  Soft  Rough  Unreliable  Cheap  Good Quality 

13  Warm  Dry  Soft  Rough  ‐  Cheap  Bad Quality 

14  Cold  Dry  Hard  Fine  Reliable  Expensive  Good Quality 

 

The most common denominator was not as clear in Table 8 as it is in Table 6 and 7 but 
the same connection between roughness and pleasantness can be noticed; fine materials 
were perceived as pleasant while rough materials were perceived as unpleasant. The 
combination of cold-hard-fine seemed to have a positive impact even here (with one 
exception for sample 8).  
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Tactile and Visual Part 

The second part (where the test persons could see the samples) in the first test, TTNo1, 
can be seen in Table 9.  

Table 9. Result from the tactile and visual part of TTNo1. The areas in a darker shade of grey are the 
samples valued as unpleasant. The samples and properties shown in bold are the ones that were valued 
the highest or lowest in pleasantness. The colored fields show common combinations that can be related 

to experienced pleasantness/unpleasantness. 

Material Sample  Experienced Properties Connected To Pleasant/Unpleasant 

1  Warm  Dry  ‐  Rough  Reliable  ‐  Good Quality 

2  Cold  Dry  Hard  Rough  Unreliable  Cheap  Bad Quality 

3  Cold  Dry  Hard  Rough  Unreliable  Cheap  Bad Quality 

4  Warm  Dry  ‐  Rough  Reliable  Expensive  Good Quality 

5  Warm  Dry  Hard  ‐  Reliable  Cheap  Bad Quality 

6  Warm  Dry  Hard  Rough  ‐  Cheap  Bad Quality 

7  Cold  ‐  Hard  Fine  Unreliable  Cheap  Bad Quality 

8  Warm  Dry  Hard  Rough  Reliable  Cheap  Bad Quality 

9  Cold  Moist  Hard  Fine  Reliable  Expensive  Good Quality 

10  Warm  Moist  Soft  Fine  Reliable  Expensive  Good Quality 

11  Warm  Moist  Soft  Rough  Reliable  Expensive  Good Quality 

 

When the visual judgment set in it was not easy to discern the most common denominator 
in Table 9.  It came apparent when writing down which materials the samples were made 
of; samples 1-8 are all plastic; which seemed to be the most common denominator to 
unpleasantness. Plastic materials were considered to be unpleasant.  

The combinations of cold-hard-fine and warm-moist-soft-fine were still represented but 
not as common as in the tactile part. The combination of cold-dry-hard-rough still seemed 
to have a bad impact. 

The tactile and visual part of the second tactility test can be seen in Table 10. 
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Table 10. Result from the tactile and visual part of TTNo2. The areas in a darker shade of grey are the 
samples valued as unpleasant. The samples and properties shown in bold are the ones that were valued 
the highest or lowest in pleasantness. The colored fields show common combinations that can be related 

to experienced pleasantness/unpleasantness. 

Material Sample  Experienced Properties Connected To Pleasant/Unpleasant 

1  Cold  Dry  Hard  Rough  Unreliable  Cheap  Good Quality 

2  Cold  Dry  Hard  Rough  Unreliable  Cheap  Bad Quality 

3  Cold  Moist  Hard  Rough  Unreliable  Cheap  Bad Quality 

4  Cold  Moist  Hard  Rough  Reliable  Cheap  Good Quality 

5  Cold  Dry  Hard  Fine  Unreliable  Cheap  Bad Quality 

6  Cold  Dry  Hard  Rough  Unreliable  Cheap  Bad Quality 

7  Cold  Moist  Hard  Fine  Unreliable  Cheap  Bad Quality 

8  Cold  Dry  Hard  Fine  Unreliable  Cheap  Bad Quality 

9  Cold  Moist  Hard  Fine  Reliable  Expensive  Good Quality 

10  Cold  Dry  Soft  Fine  Unreliable  Cheap  Bad Quality 

11  Warm  Moist  Soft  Fine  Reliable  Expensive  Good Quality 

 

The most common denominator in Table 10 seems to be the same as in Table 9; plastic 
was considered unpleasant. 

The combination cold-hard-fine is represented here but now it is found unpleasant. The 
combination warm-moist-soft fine was still considered pleasant. The combination of 
cold-dry-hard-rough was considered to have a bad impact in Table 10 as well. 

The tactile and visual part of the third tactility test can be seen in Table 11. 
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Table 11. Result from the tactile and visual part of TTNo3. The areas in a darker shade of grey are the 
samples valued as unpleasant. The samples and properties shown in bold are the ones that were valued 
the highest or lowest in pleasantness. The colored fields show common combinations that can be related 

to experienced pleasantness/unpleasantness. 

Material Sample  Experienced Properties Connected To Pleasant/Unpleasant 

1  Warm  Dry  Hard  Fine  Unreliable  Cheap  Bad Quality 

2  Warm  Dry  Hard  Fine  Unreliable  Cheap  Bad Quality 

3  Cold  Moist  Hard  Rough  Unreliable  Cheap  Bad Quality 

4  Warm  Dry  Hard  Rough  Reliable  Expensive  Good Quality 

5  Warm  Dry  Soft  Rough  Reliable  Expensive  Good Quality 

6  Cold  Moist  Hard  Fine  Unreliable  Cheap  Bad Quality 

7  Cold  Dry  Hard  Fine  Reliable  Expensive  Good Quality 

8  Cold  Moist  Hard  Fine  Reliable  Expensive  Good Quality 

9  Cold  Moist  Hard  Fine  Reliable  Expensive  Good Quality 

10  Cold  Dry  Hard  Fine  Reliable  Cheap  Good Quality 

11  Warm  Dry  Soft  Rough  Unreliable  Cheap  Bad Quality 

12  Warm  Moist  Hard  Rough  ‐  Expensive  Good Quality 

13  Warm  Dry  Soft  Rough  Unreliable  Cheap  Bad Quality 

14  Cold  Dry  Hard  Fine  Reliable  Expensive  Good Quality 

 

No common denominator was noticed in Table 11. When looking at the materials 
represented a difference could be seen between the different material groups. Wood 
samples (sample 1, 2 and 3), polished plastic (sample 6) and rubbery samples (sample 11 
and 12) were considered as unpleasant while textured plastic (sample 4), leather (sample 
5), stainless steel (sample 7, 8 and 9), glass (sample 10), cork (sample 13) and aluminum 
(sample 14) were considered as pleasant.  

The combination of cold-hard-fine seemed to have a positive impact here. 
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4.2.4 COMPARISON BETWEEN “NEW” AND “OLD” MATERIAL SAMPLES 

Three samples that received “extreme” values in the first and second test were also 
included in the third test to be able to compare the different tests. Those samples were 
number 4, 9 and 11. 

Material sample number 4 was considered as unpleasant in the tactile part of all three 
tests. It had a value over four in roughness in the first two tactility tests and a value right 
below four in the third test (sample 13, cork, was considered slightly rougher), see Figure 
67.  
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Figure 67. The average response in roughness in the three tactility tests. 

Material sample number 9 was considered to have the finest surface in all parts in all 
tests, see Figure 67.  

Material sample number 11 was considered as the softest material in all parts in all tests 
except for the tactile and visual part in TTNo3 where leather (sample 5) and cork (sample 
13) was considered somewhat softer, see Figure 68.  
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Figure 68. The average response in hardness in the three tactility tests. 

4.2.5 CONTACT SURFACES 

The handle of a hand held vacuum cleaner was evaluated by a group of students at KTH. 
The result was compiled into a table which can be seen in Appendix 6. 

The contact surfaces of the handle of a hand held vacuum machine was only evaluated by 
the author due to time constraints. The prints made on the Pressurex-Micro film were 
scanned as well as the hand. They were then compared by placing the prints on the hand.  
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 5 RESULT 

The results of the pre study and compilation is presented here.  

 

5.1 INTERNET SURVEY 

The survey got a response of 30 people in different ages and genders. Most of them, 83%, 
would like a discrete design in their small domestic appliances.  The appliance that they 
were most pleased about was the water kettle; the product was considered uncomplicated 
and that it heats water quickly.  

Most of their favorite appliances are made in black plastic, others in stainless steel or a 
combination of plastic and stainless steel. The respondents would like a distinctive design 
in strong colors in coffee- and espresso machines. The water kettle and coffee machine 
are the appliances that people most commonly have displayed.  

Most people expect their appliance to last five years or more but 10% buy a new 
appliance once a year or more and 40% buy a new appliance every two years. The reason 
for throwing their old appliance is mostly (81%) that the appliance does not function. The 
service life of appliances is thereby shorter than what people expect it to be.   

5.2 TACTILITY TESTS 

The different tests should be able to be compared to each other even though they are 
evaluated on a relative scale since three of the samples received the same “extreme” 
values in all three tests.  

Materials with rough surfaces are experienced as unpleasant when the material is hidden. 
Fine surfaces are experienced as pleasant when the material is hidden. The experienced 
combination of cold-hard-fine and warm-moist-soft-fine was in general considered to be 
pleasant while the combination cold-dry-hard-rough was considered unpleasant. 

The tests clearly show that the visual experience of a material is very important. The 
colors and looks of the materials influence the value of the visual and tactile part of the 
tests.  

Aluminum and stainless steel are more trustworthy than other materials and are 
considered to be pleasant and of good quality. Natural, untreated materials like leather 
and cork were also considered to be pleasant while treated wood and wood imitations 
were experienced as unpleasant.  

5.2.1 TTNO1 AND TTNO2 

The most common spontaneous reactions from TTNo1 and TTNo2 are gathered in Table 
12. The colors of the samples have dominated this part of the test, which shows the 
importance of combining textures with the right color choice.  
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Table 12. The table shows the material samples from Tactility Test No 1 and 2 on the left and words that 
the test persons wrote down when they got to see the samples and describe them. The boxes to the right 
are filled with yellow color if the sample was valued as pleasant and orange if it was valued to have good 

quality.   

Material Samples  Reactions  

 
1 
 

 

 

 
Interesting, rubbery, high tech, “kexchoklad”, carbon fiber, 
reptile  

 
   

 

 
2 
 

   
Looks cheaper than No 1, interesting, rubbery, honeycomb, 
milky, frosty 

 
 

 

 
3 
 

   
Looks cheaper than No 1 and 4, looks a bit messy, circus, 
yellow, plastic, shiny 

 
 

 

 
4 
 

   
Interesting, rubbery, high tech, mesh pattern, sporty, car, 
rubbery 

 
 

 

 
5 
 

 

 

 
Cheap, car, leather, messy, uninteresting, dusty 
 

 
 

 

 
6 
 
 

   
Cheap, hard, plastic, shockproof, leather, sandpaper 
 

 
   

 

 
7 

 

 

 
Cheap, boring, scratched, Bakelite, uninteresting 

 
    

 

 
8 
 

   
Better than No 5 and 6, hard, shockproof, scratched, cheap  
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9 
 

 

 

 
Quality, fingerprints, classic, trustworthy, kitchen, shiny, 
exclusive, premium 

 
 

 

 
10 
 

   
Soft, seems nice to handle, interesting contrast of hard and 
soft, matte, smooth, premium  

 
 

 

 
11 
 

   
Soft, comfortable, matte, sticky, a bit more cheap, reliable, 
robust 

 
 

 

 

5.2.2 TTNO3 

The spontaneous reactions from TTNo3 are gathered in Table 13.  

Table 13. The table shows the material samples from Tactility Test No 3 on the left and words that the test 
persons wrote down when they got to see the samples and describe them. The boxes to the right are 
filled with yellow color if the sample was valued as pleasant and orange if it was valued to have good 

quality.   

Material Sample  Reactions 

 
1 
 

 

 

 
Thin, fake, cheap, nice, quality, fine, floor 

 

 

 
2 
 

 

 

 
Thin, fake, cheap, plastic, imitation 

 

 

 
3 
 

  
Fossil look, not nice, random pattern, irregular, cool, mysterious, 
unique, weird, interesting, strange, advanced, plastic, cheap 

 

 

 
4 
 

   
Rubber, professional, many details, cheap, good looking, sporty, 
car look 
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5 
 

   
Looks cheap, unreal texture, leather, sustainable, soft, real, family 
Friendly, classy, quality, genuine 

 

 

 
6 
 
 

   
Surfaces with patterns look nicer, cheap plastic, cheap, ugly color, 
glossy, sticky 

 

 

 
7 

   
Nice texture, matte, glossy finish, exclusive, interesting pattern, 
quality, interesting 

 

 

 
8 
 

   
Electronics, nice, real, exclusive, expensive, old‐fashioned, good 
looking, copper 

 

 

 
9 
 

   
Looks cold, dirty, trustworthy, boring, expensive 

 

 

 
10 
 

   
Looks plastic, different, brittle, beautiful, crafted 

 

 

 
11 
 

   
Dirty, cheap, cozy, dull 

 

 

 
12 

   
Different, graphic, low quality, good looking yet ugly, cheap, cool 
– want to touch it! 

 

 

 
13 

   
Bulletin board, real, natural, beautiful, boring, genuine, soft, heat 
pad 

 

 

 
14 

   
Looks expensive, quality, exclusive, refined, soft, dry, nice surface 
– want to touch it! 
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5.3 FRICTION TEST 

The friction between fingertip and material sample was measured, see Figure 69, using a 
Kistler sensor.  
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Figure 69. The chart shows the result of the objective test and the experienced pleasantness. 

The average friction coefficients seen in the chart in Figure 70 are very similar to the 
values of how dry or moist the materials were perceived. This could be interesting if 
somehow that also could be connected to how pleasant it is perceived. That connection 
was not found here.  
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Figure 70. The charts show the similarity of the evaluated moist and the measured friction coefficients. 

Materials with rough texture had less contact with the fingertip, generating a lower value 
of the friction coefficient compared to a polished surface. This can be seen in Figure 70 if 
looking at material sample number four and seven. This can also be compared with the 
experienced value of roughness from the subjective test seen in Figure 71.  
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Average  Values
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Figure 71. The charts show the similarity of the evaluated roughness and the normal force. 

The normal force used when touching the material sample in the friction test seem to be 
correlated to the roughness of the materials; the rougher the material, the more force was 
used.  

5.4 CONTACT SURFACES 

The carbon paper showed that approximately 50% of the area of the hand is in contact 
with the handle when holding the handle firmly, see Figure 72. 

 
Figure 72. The Pressurex‐Micro film placed on the hand used. 

The print in Figure 72 shows that the pressure is greatest on the finger tips and in the side 
of the palm and thumb when holding the hand held vacuum cleaner.  

The test group thought that the handle was uncomfortable due to the sharp edges and the 
large seam line between the two materials used in the handle, see Appendix 6.  
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5.5 POSSIBLE SUPPLIERS 

A list of possible suppliers can be seen in Appendix 7.  

5.6 BOARD 

A board has been made displaying the result of this report. The board is placed at IDC, 
Electrolux. The layout of the board is shown in Figure 73. 

Materials  Test Result 

Graphs showing the average result from all three 
tactility tests 

Manufacturing Methods   

The samples from Tactility Test Number 1 and 2 
are presented here, attached with Velcro so that 

they easily can be studied.  

Finishing Methods   

The samples from Tactility Test Number 3 are 
presented here, attached with Velcro so that 

they easily can be studied. 

Figure 73. Layout of the board. 
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5.7 MODELS 

Some of the material samples from TTNo3 were implemented on products to see how it 
would look. Renderings were made using different materials and are shown in Figure 74. 

 
Figure 74. A toaster with an anodized aluminum casing instead of plastic.  
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 6 DISCUSSION 

A discussion of the pre study, tests, compilation and results generated in this thesis 
project is presented here.   

 

This thesis project has consisted of a lot of research which is the first step towards using 
new materials. Therefore, there has not been a specific product involved that the 
materials are supposed to be implemented on; instead there has been a group of products. 
This has made it difficult when talking to manufacturers and suppliers since they would 
like to have a tangible idea of what kind of product they are talking about when 
discussing what the constraints, cost etc. can be.  

Research about manufacturing methods, suppliers and finishing methods were made, but 
it can still be hard to answer questions regarding different areas, since every method has a 
vast range of techniques and almost anything is possible or could be possible if enough 
money is put into it.  

It was hard to know what to look for in the beginning of the material investigation, 
whether it was manufacturers, master batch, metal sheets etc. It was also hard to locate 
suppliers. A lot of time has been spent on searching for new, interesting materials, new 
applications of materials and different manufacturers.  

The choice of test persons for the tactility tests could have been made more varied. Due 
to time constraints, employees at Electrolux were used, most from IDC. If other people 
were used with more various background and occupations, the result would probably 
have been different. Still, designers in general are very open-minded and might give more 
thought to how they are going to rate the material than a person that have never thought 
about materials in that way. The number of test persons could also have been increased to 
obtain a more valid result but since the data and testing engage a lot of time, the number 
of test persons was considered to be enough.  

The environment of the tactility tests could have been more controlled to make sure that 
the samples were evaluated with the same conditions. Temperature, humidity, light, state 
of mind etc. all influence on how materials are perceived. All of these aspects can hardly 
be controlled. Although, when touching/seeing a product and a material the environment 
alters as well and it is never controlled when you touch a product in real life so the test 
environment was considered as satisfactory.  

How the test persons evaluated the material samples depended on what experiences they 
have with materials and how they relate to them. This makes the result fascinating. Cold 
hands, bad blood circulation or a lack of sense in the fingers can also affect how the test 
persons perceive the different material samples.  

Discussions have occurred whether the value three in the tactility tests should be 
considered to be insipid (a value where the test person can not make up her or his mind), 
but since the scale of one to five covers many different materials and properties, the value 
three should be considered as value three and nothing less.  
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The liability of the human factor has to be taken into consideration when using the test 
results; there is a risk that the wrong value has been marked by the test persons during the 
tactility tests and there is also a risk that the wrong value has been entered when 
digitalizing the results, but the risk is considered to be minimal.   

Polished plastic, a material used in all tactility tests, was mistaken for glass during the 
tactile part (part 1). The reactions to glass were positive and the material was then 
thought to be exclusive. Many of the test persons also commented on how polished 
stainless steel has wide spread premium factor that was hard to neglect when evaluating 
the materials.  
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 7 CONCLUSIONS  

The conclusions that have been drawn during this Master of Science thesis are presented 
here. 

 

It is hard to generalize the perception of materials. How a material is perceived depends 
on the shape and application of the material. Individual experiences and opinions 
dominate.  

The texture of a surface affects our perception of a material. An unknown material with a 
rough surface is generally perceived as unpleasant while an unknown material with a fine 
surface is generally perceived as pleasant. The experienced combination of cold-hard-fine 
and warm-moist-soft-fine was in general considered to be pleasant while the combination 
cold-dry-hard-rough was considered unpleasant. 

Our visual perception of a material is related to the prejudice thoughts we have about 
different materials. “Natural” materials like cork, glass and leather have a positive impact 
in general and are considered as pleasant. Stainless steel and aluminum are materials that 
have a high “premium” factor.  

The friction test showed that there is a connection between the friction coefficients 
(between fingertips and material surface) and the experienced moist of a material, not the 
experienced roughness. 

Evaluating the contact surfaces showed that contact surfaces are crucial when it comes to 
choice of material.  

Using new materials will increase cost due to new manufacturing methods and new 
design constraints but it is probably worth it if a good design is created. That would 
strengthen Electrolux as a brand even more.  

This report and the board displaying the material samples used in the tests can hopefully 
be used as a tool by the designers when they are discussing material options and inspire 
them to make an even better experience of their products.  

A discrete, yet unique design would sell in the future; using for instance a white, matte 
plastic with a glossy pattern inspired by structures from nature combined with having 
small, discrete, lighted details in accent colors. 
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8 RECOMMENDATIONS AND FUTURE WORK  

In this chapter, recommendations and ideas about future work in this field are presented.  

 

8.1 RECOMMENDATIONS 

There are a lot of samples of materials and colors stored at IDC, but there is not an 
organized storage of the samples that have been used in earlier products. It would help 
the designers if the samples were organized so that the designers easily could have a look 
on the samples and see what material and color have been used in which product. This 
would also ease the choice of material and color for a product, since the use of the 
different materials and colors then can be analyzed and evaluated. If a material or color is 
popular or can stand the usage and wear very well, it would be a good input for the next 
choice. It would also be good to see the samples of materials that have not worked and 
the reason of why it did not work. This will of course bring a lot of extra work for the 
designers in the beginning but when they have started to get a routine of this kind of 
system it could benefit them.  

An uncertainty of which value a material sample was going to be given occurred 
sometimes during the tactility test. For future reference, it would be good to have a 
“certainty” box next to each property where the test person could say if he/she is certain 
or uncertain of the given value. It is also important not to include too many samples in the 
tactility test since this can confuse the test persons.  

8.2 FUTURE WORK 

Finding good methods for research and testing is difficult and this could be a task for 
future work.  

Making an organized material library of materials already used in products and 
displaying where they are used would be beneficial for present and future employees at 
Electrolux. 

A way of presenting the material samples in the future could be to use a hard paper and 
cut holes with the same dimensions. The samples can then be placed underneath each 
hole so that the dimensions are the same for all the samples.  
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PART 4 

This part consists of additional information to Part 2 and 
Part 3. 
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APPENDIX 

Supplementary information that would make the thesis less easy to read if they were 
given in the previous parts is presented here.  

 

APPENDIX 1. PROJECT RISKS 

Possible failure modes, probability of failure, failure effects and severity of failure effects 
were detected. A plan of action for the risks with the highest scores was also made. If a 
problem occurred during the project, the FMEA could be studied to see what could be 
done.  
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APPENDIX 2. INTERNET SURVEY WITH RESULT 

 
 

 
 
 
 
 
 
Other:  
‐  Timeless and trendy  
‐  Radiance of quality, not bulky  
‐  Good quality  
‐   Somewhat trendy but simple design, 
important that the surfaces can easily be 
cleaned and that the material does not turn 
yellow over the years.  

 
 

 
 

2. Would you describe the design of your current domestic 

appliances as discrete or distinctive?

Discrete

83%

Distinctive

17%

 

1. When buying a new product within domestic appliances, how 

would you  like the design to be?

Trendy

13%

Unique

17%

Other

13%

Timeless

57%
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Other:  
‐  Yes and no; I have a toaster where the cord 
is too short and placed in the wrong position.  

 
 
 

4. What domestic appliance in your home are you most pleased with and why?

1
2 2

7

9

2

1

4

0

2

4

6

8

10

Water kettle Vacuum

machine

Espresso

machine

Microwave Coffee
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Coffee
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Product  Reason for liking it 

Water kettle  Heats water quickly, uncomplicated, good capacity 

Vacuum machine  Practical, it does the job, nice design, blends in but still stands out, looks good 

Espresso machine  Good quality 

Microwave  It has been working perfectly 

Coffee machine  Nice, trendy, makes good coffee, fast, looks good, timeless 

Coffee grinder  Fresh coffee 

Toaster  Toasts well 

Blender  Nice color 

 
 

3. Are you pleased with your domestic appliances?

No

20%

Other

3%

Yes

77%
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5. How often do you use that appliance?

Once a week

17%

Once a month

10%

Every day

73%

 
 

 
 
 
 
 
 
Other:  
‐  Plastic and metal  
‐  Glass  
‐  Plastic and glass  
‐  Aluminium  
‐  Stainless and plastic  

 
 
 

 
 
 
 
 
 
 
 
Other:  
‐  Silver and dark blue/purple  
‐  Transparent  
‐  Grey  
‐  Yellow  
‐  Beige  
‐  Green  
 

 

6. What materials is the exterior of that appliance made of?

Stainless steel

31%

Other

17%

Plastic

52%

7. What colors are represented in that appliance?

Other

18%

White

11%

Stainless  steel

29%

Red

2%

Black

40%
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8. When you are not using that appliance; is it placed 

somewhere where  guests can see it or do you keep it 

hidden?

I keep it 

hidden

20%

Guests can 

see it

80%

 

9. What domestic appliances do you keep displayed (are not hidden) for people/guests?
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10. In what  domestic appliances do you prefer a discrete design?
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11. What materials and colors would you consider to  be discrete?
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12. In what domestic appliances do you  prefer a distinctive design?
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13. What  materials and  colors would you consider to be distinctive?
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Other:  
‐  If it does not cost more 
‐  Depends on quality and price but it 
could be fun  
‐  Maybe, depends on how they are 
customized  

 
 
 

 

15. How would you like to  customize your product? Different materials, colors or patterns?

5
7 7
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16

0

2

4

6

8

10
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14

16

18

Materials Colors Patterns To be able to adjust

them so they match

my home

So that all appliances

match

 

14. Would you like to have the possibility to customize your 

domestic appliances by for instance exchange a certain feature?

No

37%

Other

13%

Yes

50%
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16. Do you feel that there are too  few design options within 

domestic appliances on the market?

No

40%

I do not know

20%

Yes

40%

 
If you answered “Yes”; what is missing? 

A more high‐tech design. 

Many brands do what the competition do or they do something really exclusive design that is too expensive, I want something 
in between.   

Color and material options. 

Different designs in other products than the coffee machine (there are plenty of options there). 

Daring designs. The combination of daring designs and environmentally friendly materials.  

More color. 

A simple, functional, good looking and cheap product. 

Different shapes; a water kettle is often only available in one shape.  

 
 

17. Is there a brand that you prefer when looking for new 

domestic appliances? What brand?

Philips

3%

Siemens

5%

OBH Nordica

14%

Kitchen Aid

3%

Nesspresso

3%

Bosch

8%
C3

3%

Electrolux

19%

No

42%
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Other:  
‐  At least 8 years.  
‐  Breaks when the warranty expires 
‐  Definitely five years, but up to 20 
‐  3 ‐ 5 years  
‐  At least 10 years  
‐  10 ‐ 15 years  
‐  I expect 7 ‐ 10 years, but I think around 5 years.  

 
 
 
 

19. How often would you say that you buy a new product within 

domestic appliances?

Once  every two years

40%

More seldom

50%

Once a year or more

10%

 
 

 
 
 
 
 
 
 
 
Other:  
‐  There are new products on the market that are 
better and may have multiple  
‐  Because I still miss some of the usual 
appliances.  
‐  A mix between that I am bored and that 
something does not function.  
‐  Because I do not have one or because the old 
one does not function.  

 
 

 

 

18. When you buy a new product within domestic appliances, 

how long do you think it will last?

Other

23%

Two years

0%

Five years

60%Forever

17%

One year

0%

20. Why do you buy new products within domestic appliances?

Bored of the 

old one

3%

Other

13%
Because I want 

to be updated 

with the latest 

products

3%

The old one 

does not 

function

81%
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APPENDIX 3. QUESTIONNAIRE TACTILITY TEST 

 

Tactility Test 

This test is a part of a thesis project about materials. The test is subjective and has been 
made to find out more about how different materials are perceived by users. That is why I 
am interested in your point of view. The test consists of two parts.  

Part 1 

Material samples are attached to a board. You will touch the surface of the samples and 
then evaluate them. The board is placed in a box i.e. you will not be able to see the 
material samples in this part of the test. To be able to analyze the test results and compare 
them with an objective test, it is important that you only touch the samples with three 
fingers; your index finger, long finger and ring finger. You will first touch eight material 
samples. Second you will touch three products. The ninth sample is the side of a product. 
The tenth and eleventh sample are the handles of two products; you will grab these like 
you usually grab a handle and rate the material with the three fingers. You will rate the 
material samples in a scale 1-5. There are 11 materials in total to rate.  

Part 2 

First, you will see the material samples and evaluate them on appearance, without 
touching them. The procedure after that is the same as in part 1, but you will now be able 
to see the samples.  

Before You Begin 

Wash your hands with disinfectant.  

The value scales are relative i.e. if you give a sample the value 5 in hardness; it only 
means that it is hard in comparison to the other samples. Therefore, touch all the samples 
before you start grading them.  
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Name: ________________________________________ Age: _____ Gender: _____ 

 

Part 1 
                            Heat                   Wet 
 Cold  Warm   Dry  Moist 
 1 2 3 4 5   1 2 3 4 5 

1       1      
             

2       2      
             

3       3      
             

4       4      
             

5       5      
             

6       6      
             

7       7      
             

8       8      
             

9       9      
             

10       10      
             

11       11      

 
                        Hard                   Rough 
 Soft  Hard   Fine  Rough 
 1 2 3 4 5   1 2 3 4 5 

1       1      
             

2       2      
             

3       3      
             

4       4      
             

5       5      
             

6       6      
             

7       7      
             

8       8      
             

9       9      
             

10       10      
             

11       11      
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            Pleasant                                 Trustworthy  
 Unpleasant             Pleasant  Unreliable               Reliable
 1 2 3 4 5   1 2 3 4 5 

1       1      
             

2       2      
             

3       3      
             

4       4      
             

5       5      
             

6       6      
             

7       7      
             

8       8      
             

9       9      
             

10       10      
             

11       11      

 
                     Exclusive                                     Quality 
 Cheap Expensive   Bad  Good 
 1 2 3 4 5   1 2 3 4 5 

1       1      
             

2       2      
             

3       3      
             

4       4      
             

5       5      
             

6       6      
             

7       7      
             

8       8      
             

9       9      
             

10       10      
             

11       11      
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Part 2 
 
 
What does first appearance say to you? How would you describe the material?  
(For example; cheap, exclusive, interesting, nauseous, dull etc.)  
 

1      
      

2      
      

3      
      

4      
      

5      
      

6      
      

7      
      

8      
      

9      
      

10      
      

11      
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                             Heat                   Wet 
 Cold  Warm  Dry  Moist
 1 2 3 4 5   1 2 3 4 5 

1       1      
             

2       2      
             

3       3      
             

4       4      
             

5       5      
             

6       6      
             

7       7      
             

8       8      
             

9       9      
             

10       10      
             

11       11      

 
                        Hard                 Rough 
 Soft  Hard   Fine  Rough 
 1 2 3 4 5   1 2 3 4 5 

1       1      
             

2       2      
             

3       3      
             

4       4      
             

5       5      
             

6       6      
             

7       7      
             

8       8      
             

9       9      
             

10       10      
             

11       11      
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           Pleasant                                 Trustworthy  
 Unpleasant             Pleasant  Unreliable               Reliable
 1 2 3 4 5   1 2 3 4 5 

1       1      
             

2       2      
             

3       3      
             

4       4      
             

5       5      
             

6       6      
             

7       7      
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10       10      
             

11       11      

 
                     Exclusive                                    Quality 
 Cheap Expensive   Bad  Good 
 1 2 3 4 5   1 2 3 4 5 

1       1      
             

2       2      
             

3       3      
             

4       4      
             

5       5      
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 APPENDIX 4. AVERAGE RESULT OF THE TACTILITY TESTS  

TTNo1 

Average Response

Cold ‐ Warm
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Material Sample
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Average Response
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Average Response
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APPENDIX 5. COMPARISON BETWEEN THUMB AND FINGERS 
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APPENDIX 6. ANALYSIS OF THE HANDLE OF A HAND HELD VACUUM CLEANER 

 

Test person    1. On the shelf, in the store  2. Usage at home 

A  1.  Color and curves are OK. Would be fun if it is available in different colors. I like that it 
looks like a high speed train in Tokyo. It feels a bit plastic. It does not seem to last long. 

  2.  Good with wheels so it does not scratch any surface. The handle is a bit big. When I use 
it the material becomes a bit slippery. I would like it to be more rubbery so that I get a 
better grip. The soft paint looks more aesthetical than functional. Not enough friction. 
The edges are very hard. 

B  1. 

 

Plastic. I like that you can see the content. The handle does not fit the vacuum part; it 
does not  look as high tech.  I do not  like the white, matte plastic –  looks boring.  I  like 
that it has wheels. The handle of the vacuum cleaner looks bulky with the lower part – 
unnecessary.  The  black  air‐venting  holes  are  ugly,  the  filter  shows  too much.    The 
handle  is not comfortable; the splice cuts  in to my hand and the edges are very hard 
and sharp. I like the button. 

  2.  Why  is  it so big? I am not going to use  it that much.  I would  like a more comfortable 
handle. It is heavy! 

C  1.  Crispy, high tech, bulky when I touch it. It is too heavy for my wrist. Bad grip. I suspect 
that it makes a lot of noise.  

  2.  I  like  that  it has wheels – soft and smooth.  It  is still heavy  though.  It  is not good  for 
vacuuming near the  floor. Seems unnecessary, except  for cars –  I would use  it  in my 
car. I do not like it, it is a bit big and the holes are too big. 

D  1.  No, I do not  like  it.  It  is not comfortable for my wrist.  It  is unnecessary. The handle  is 
not comfortable; it is flat and plastic.  

  2.  It hurts my wrist. The shape of the handle does not provide a good grip. 

E  1.  Big, clunky.  I  like  the design.  I  like  the  transparent part. A bit big  for my hands. The 
ON/OFF button has a good placement. Average weight.   

  2.  Weird handle,  less comfortable. The grip  is good but the design  is not comfortable.  I 
am not  slipping. Ergonomically wrong but  the materials are good. The wheels  seem 
flimsy. 

F  1.  Fancy.  I would be afraid  that  the  transparent part would  show  too much of  the dirt 
when I use it. Heavy.  

  2.  Good that it has wheels. The handle is OK but not ergonomic. 

G  1.  Too big. It seems to make a lot of noise. I would never buy it; I would not use it, empty 
it or charge it. I am too lazy.  

  2.  Heavy; I have to raise my elbow. Nice that it has wheels; it makes it less important that 
it is heavy. The handle is not ergonomic. 
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APPENDIX 7. POSSIBLE SUPPLIERS 

A research has been made to find manufacturers and suppliers within Europe. Much of 
the research was made through the Internet; the rest was made through a literature study 
and conversations with Electrolux employees.  

Ardagh Glass 

Contact: Fredrik Kjellqvist 

Ardagh Glass manufactures glass for packaging of food and beverages amongst other 
things. The largest bottles they produce right now are 1750 ml. They only make products 
in soda lime glass which is not as resistant to temperature changes and acids as 
borosilicate glass. Ardagh Glass manufactures bottles for many famous brands; Coca 
Cola, Heineken, Stella Artois, Absolut Vodka etc. The company has many decorative 
possibilities and could be a possible supplier if soda lime glass is not an issue. Ardagh 
Glass was not considered relevant enough for the applications in SDA. 

B&H Colour Change 

http://www.colourchange.com/index.php  

B&H Colour Change have chameleon inks that are reversible thermochromics. They have 
color change activation at temperatures from -10°C up to 70°C that are reversible. The 
ink have a darker color when they are cold and when they activate they become brighter 
or virtually clear. 

Cubic System 

http://www.cubiksystem.com/portal/en/cubic-print/cubic-print.html 

This is a company in Italy that does hydro transfer printing. 

Duran Group, Schott Glass 

Contact: Andreas Krug and Peter Ludvigsen 

Duran Group manufactures glass in borosilicate glass 3.3 that is heat resistance and taste- 
and odor-neutral. The glass is used in water kettles, coffee machines, household glasses, 
bottles and press-blown items, clock domes and display glasses, glasses for the lighting 
industry and laboratory glasses. The glass can stand thermal shock and both very high 
and low temperatures. The surface of their products is smooth and non-porous, which 
make it easy to clean. The glass is clear and colorless but products can be colored with a 
sprayed color coating, electroplated or screen printed with a ceramic, silicone or organic 
ink. The color coating can be made in various colors; different tints, white color that 
brings a frosted feel to the product and a luminescent color that gives a cool effect to the 
glass. The glass can also be electroplated, which gives a metallic surface, although the 
finish easily stains from fingerprints. Screen printing can also be applied to the glass. The 
ceramic ink is burnt onto the surface by applying it before the annealing process, making 
it a part of the glass and more scratch resistant. The ceramic ink can only be printed in 



 XXV

small graphics, since it becomes a part of the glass it would break easier if it was printed 
in bigger graphics. The silicone print can be printed in larger graphics, depending on how 
curved the surface is. The silicone ink is not as scratch resistant as the ceramic ink but 
allows larger graphics. The surface of the print is a bit rubbery due to the silicone. The 
organic ink may also be printed in larger graphics. Organic ink is used in the color 
coatings. All reddish colors contain a small amount of cadmium, which can become an 
issue when the glass is used around food, although the amount almost is insignificant. 
Symmetrical shapes are the easiest to manufacture. The glass can then be blown into the 
mold without touching the mold. This is done by spraying a fluid onto the mould before 
the glass enters. By doing this, the glass does not receive any mold marks and the surface 
is smooth and non-porous.  

Gislaved Folie 

Contact: Leif Bengtsson 

Gislaved Folie makes foil with different embossing for various applications. The 
company makes foil with textile and leather embossing, PVC foils that imitate wood and 
much more. Gislaved Folie makes the foil for some of the car interior in Volvo, SAAB 
and Jaguar. Most of their foils can be integrated in in-mold decoration. In general, PVC 
foils can generate a thermal bond with ABS plastics.   

Gustavsberg 

Contact: Christina Strandberg 

Gustavsberg is a rather small company that manufactures porcelain products. Decorative 
motives are painted by hand or a print is used that is mounted by hand. Even though 
Gustavsberg decorate their products by hand, most patterns and colors are possible.  

Höganäs and Rörstrand 

Contact: Lena Rask and Johanna Ericsson 

Höganäs and Rörstrand are brands within Fiskars. They produce various products in 
porcelain and stoneware. Rörstrand has products with a glossy glaze that is dishwasher 
safe and resistant to metalmarks generated by cutlery. Höganäs has products with glossy 
glaze and products with matte glaze. The matte glaze is more sensitive than the glossy 
glaze; it is not entirely dishwasher safe and it is not as resistant to metalmarks. To 
overcome this problem Höganäs only uses colors and pigments where the metalmarks do 
not show. 

Interplex Industries Inc. 

http://www.interplex.com/interplex.nsf  

This is an American company that has factories in Europe. They provide several services 
within the metal- and plastic industry.  
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Kurz 

http://www.kurz.de/kurzweb/en/home.nsf/?Open&DirectURL=BA6AB605985ACFBDC
1257036002E5FF0 

This is a German company that provides decorative foils.   

Oberflex  

Contact: Produktma, sub contractor. 

Oberflex makes wood panels and wood veneers. They have products with natural wood, 
metallic patterns and acoustical perforations. Their products are used in restaurants, 
hotels, furniture among other applications. Their veneer is quite stiff but they have a good 
variation of colors and patterns which can create a very unique look.  

Produktma 

Contact: Ronnie Lindqvist 

Produktma is a sub contractor for different suppliers; wood veneer suppliers among other 
suppliers. They have a few bendable veneers from Polyrey, the rest of the veneers are not 
very flexible.  

Revol 

http://www.revol-porcelaine.fr/index.php?id=3291 

This is a French porcelain company.  

Sandvik Decorex 

Contact: Jörgen Hedman 

Sandvik manufactures Sandvik Decorex, a stainless strip that can be made out of different 
base materials. The base material depends on the application. Sandvik Decorex is 
delivered with final color, texture and surface finish. A dry or damp cloth is enough for 
cleaning since the strip has received an anti-fingerprint treatment. It is not possible to 
repair surface defects on Sandvik Decorex. Therefore, it is important that fabrication and 
collection of parts does not scratch the surface. It can be press cut using the same tool and 
method as for standard stainless strip steel. It can also be stamped as long as fabrication 
does not scratch the surface. Deep drawing is possible with the same conditions; the 
surface can not be scratched in facrication. Lubrication should not be used if possible 
because the Sandvik Decorex strip has lower friction than standard stainless strip 
material. Sandvik Decorex can be etched but it requires an extra operation to remove both 
the anti-fingerprint and the Sandvik Decorex coating. Embossing is possible with the 
same tool and method as for standard stainless steel strips. Sandvik Decorex can be pad- 
and screen printed. Industrial laser marking systems can also be used on Sandvik 
Decorex. Sandvik uses approximately 85 % recycled material in Sandvik Decorex. The 
process consumes 1/3 of the energy necessary for electroplating. The steel is fully 
recyclable and no further surface treatment is needed.  



 XXVII

Sapa Profiler AB 

Contact: Ted Tobiasson 

Sapa Profiler AB manufactures extruded aluminum profiles. The company also has 
various decorative options for their profiles. There are two types of profiles; massive and 
hollow profiles. The massive profiles are forced through a hole in a flat steel disc. The 
hollow profiles are created by using a tool consisting of two parts; one part that is used as 
a core, which produced the hole in the profile, and one part that shapes the outer contour. 
The size and shape of the profile is in Sweden limited to a width of 420 mm and a height 
of 120 mm. The shape of the profile can be customized within these measures. The 
profiles can be anodized, powder coated, covered with a protective coating or foil, screen 
printed or mechanically finished. Their decorative range of Decoral can imitate other 
materials. To produce the Decoral finish the profile is first base coated, then a film is 
added with the imitation image and then it is put into an oven. Dark colors are often more 
sensitive to fingerprints and scratches than other colors.  

Siltech LTD 

http://www.siltechlimited.com/thermallysensitive.aspx  

This is a company in UK that had thermochromic inks.  

Fraunhofer 

http://www.thermochromic-polymers.com/offer/index.html  

This is a German company that does thermochromic polymers.  

Vinterio 

http://www.vinterio.com/index.php 

Contact: Ralf Bussmann 

Vinterio is a “sister”-company of Reholz GmbH, they both belong to the Danzer Group. 
Vinterio and Reholz GmbH produce veneer for decorative purposes. In their collection 
they have a 3D veneer which they describe can be formed similar to the deep drawing 
process. Their veneer is used in chairs, furniture, moldings for the automotive industry 
and some yachts. They also make coatings for carrier materials (plastic, wood, MDF etc.) 
which generate a decorative finish. The samples provided from Vinterio are untreated but 
there are information in their folder about the material and recommendations about 
further treatment. 

Wade Ceramics 

Contact: Alan Keenan 

http://www.wade.co.uk/about.html 

This is a Brittish company that manufactures different ceramic products. They are 
currently not producing coffee jugs or kettles but it might be an interesting company.  


