
  

 

 

 

 

 

 

 

 

TACTILITY AND ERGONOMICS 
 

- A study of human perception and materials of 

steering wheels in buses  
 

 

 

 

 

 

MARTINA GRIMME 
MALIN SANDSTRÖM 

 

 

 

 

 

 

 

 
Bachelor Thesis 

Stockholm, Sweden 2012 

 

 

 

 

 

 

 

 



  

  



  

 

 

 

 
 

 

 
Tactility and ergonomics 

 
A study of human perception and material of  

steering wheels in buses 
 
 

Martina Grimme 
Malin Sandström 

 
 

 
 

Bachelor Thesis MMK 2012:05, IDEB 050 

KTH Industrial Engineering and Management 

Machine Design 

SE-100 44  STOCKHOLM 
 

 



  

  



  

 
 

 
 

 Kandidatarbete  MMK 2012:05, IDEB 050 

 

Taktilitet och ergonomi 

En studie om mänsklig uppfattning och material 
i bussrattar 

   
  Martina Grimme 

Malin Sandström 

Godkänt 

2012-05-29 

Examinator 

Carl Michael Johannesson 

Handledare 

Carl Michael Johannesson 

 Uppdragsgivare 

Carl Michael Johannesson 

Kontaktperson 

Carl Michael Johannesson 

 

Sammanfattning 

Många tänker att design handlar om hur en produkt utformas till en attraktiv och kvalitativ 

produkt, och att det centrala är att den ser bra ut. Design är mycket mer än så, då det handlar om 

att tillfredsställa den avsedda köparen eller användaren på alla sätt. Första intrycket av en 

produkt får en person framför allt genom synintrycket, men det andra sinnet som hjälper 

människan att skapa en uppfattning är handens känsel. 

Syftet med denna rapport är att undersöka ergonomi och taktilitet i rattar som används i bussar. 

För att komma fram till ett grundligt och tillförlitligt resultat har olika moment genomförts för att 

inbringa information att analysera. Handens anatomi och känsel har studerats för att få en 

djupare förståelse för vad det är som gör att ett material känns bra. Material som har används och 

analyserats under projektet är naturligt läder och syntetiskt läder med olika texturer. Totalt 

undersöktes tio olika strukturer, fem av naturligt läder och fem av syntetiskt läder.  

Materialproverna har analyserats och utvärderats med hjälp av subjektiva och objektiva 

mätningar. Ytstrukturen och hur de olika proverna uppfattades undersöktes med hjälp av 

testpersoner som fick ange dess subjektiva åsikter för varje material utifrån olika givna attribut. 

Testpersonerna fick också ange det mest lämpade materialprovet baserat på vilket som ansågs se 

mest passande ut. Objektiva tester har genomförts för att undersöka materialprovernas 

friktionskoefficient mellan handen och proverna. Skillnad i kontaktyta mellan handen och ratten 

i tre olika grepp undersöktes med hjälp av en jigg. 

Några av de materialegenskaper som ansågs vitala vid material i bussar var att friktionen skall 

vara hög, att materialet skall kännas någorlunda fuktigt och att temperaturen på materialet känns 

svalt. Det materialprovet som av testpersonerna fick bäst betyg var ett syntetiskt läder, P3 som 

har en relativt grov struktur. Det material som rankades lägst var också ett syntetiskt läder, P4 

som har en slät och jämn yta. Det materialprovet som testpersonerna bedömde såg best lämpad 

ut för användning i bussar var också P3. Materialprovernas friktionskoefficient var relativt 

likartade med ett intervall mellan 0,91-2,02. Det provet som hade högst koefficient var det 

naturliga lädret L3. Resultatet av mätningarna av kontaktytorna för de olika greppen gav ett 

otydligt och missvisande resultat beroende på metoden som användes. 
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Abstract 

Many people consider design as how a product forms to be an attractive and qualitative product, 

and that the essential is the appearance of the product. However, design is much more than that 

since the vital reason is to satisfy the intended customer or user in many aspects. The first 

impression of a product is perceived by the vital sense, but the hand perception is also significant 

in order to create an impression. 

The aim with this report is to examine ergonomics and tactility of steering wheels in buses. In 

order to conclude thorough and accurate results, different phases have been done to get relevant 

data to analyze. The anatomy of the hand and its sense has been examined to get a wider 

understanding of what aspects that makes the sensation of a material good. The materials that 

have been used and analyzed in this project are natural and artificial leather with different 

textures. A total number of ten material samples with different structures have been analyzed, 

five of artificial leather and five of natural leather.  

The material samples have been analyzed and evaluated using subjective and objective methods. 

The structure of the surfaces and how the different samples were perceived was evaluated by test 

persons who stated their subjective opinions about each material of a given attribute. The 

subjects specified the most suitable material sample based on which sample that considered best 

looking. Objective test has been done in order to analyze the friction coefficient of each sample 

concerning the hand and the material samples. The difference of the contact area concerning the 

hand and the steering wheel in different grips was evaluated by using a simulation of a steering 

wheel. 

Some material properties that were considered vital for material in steering wheels in buses were 

that the friction must be high, the material should feel fairly humid and the temperature of the 

material should feel cool. The material sample that got the best ranking was a synthetic leather, 

P3, which has a relatively rough texture.  The material sample that got a low ranking was also a 

synthetic leather, P4, which has a smooth and even texture. The test persons thought that P3 also 

was the material that looked best suited for the use in buses. The friction coefficient of the 

material samples were relatively similar to each other in the range of 0,91-2,02. The sample with 

the highest coefficient was the natural leather L3, and L2 had the lowest. The results of the 

measurements of the contact surfaces of the different grips provided a vague and deceptive result 

due to the method that was used. 
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1. Introduction 
When designing and developing new products and working environments, there are many 

aspects to consider satisfying the user. Some of the important factors are the design, usability and 

also the materials. When designing a working station where the user is envisaged to be in for 

longer periods it is important that the material meet certain requirements in order to be an 

approved material, but also that the material in the panels and instruments are desirable for the 

user. But what determines if a material is desirable or not? To get an impression of something we 

use our senses. Touch is one sense that helps the human being to interpret all the objects that we 

meet and our skin register everything we comes in contact with. This is called tactility, and it can 

give us information about different attributes such as shape, surface and humidity. With this 

information we can create an image of how a material feels and perceives. It is also more easy to 

remember an object if we touch it. 

1.2 Aim and hypothesis 

This project is a study of material and ergonomics of steering wheels in buses from both 

ergonomic and tactile aspects. Two different relevant materials have been evaluated trough 

objective and subjective tests. The aim is to investigate how different materials and material 

properties perceives by the user, and also what qualities that considers attractive for a material in 

steering wheels.  

The aim with this report is to examine why a surface feels better than another. If materials with 

the exact same geometry but with different textures, such as smooth or coarse, warm or cold, are 

compared, perceives one of them as more pleasant? Is there a relation between the visual 

perception and what the fingers feel when touching the materials?  

The tests in this project are made with natural leather and artificial leather with ten different 

surface finishing. Our hypothesis is that the natural leather samples will feel better but the 

artificial leather may perceive as better looking based only of the visual sense. Conclusions are 

drawn of analyzes of the tests and the questions if existing material used in steering wheels are 

the optimum or not and which friction coefficient that is preferred for this field, are hoping to be 

answered.   

1.3 Delimitation 

Due to the time frame of this project limitations have been made. There are different kinds of 

steering wheels according of the field of use, and chosen area to examine for this report is 

steering wheels in buses. The tests would preferably have been done with professional bus 

drivers, but are instead done with people taking this course. The material samples that have been 

used for the objective tests have not been attached to a real steering wheel, by the reason that it is 

too complex to be done for this assignment.   
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2. Pre studies 

In order to broaden the knowledge of this topic, an information retrieval was done. Bus drivers 

with relevant experience of the area were contacted and interviewed, and specific guidelines 

have been provided.  

2.1 Tactility and ergonomics 

Tactility is a measure of structural variations on a surface of a material, and is perceived by the 

fingertip when touching the material. The sensitive receptors in a fingertip sends information to 

the brain that helps a person estimate the feeling of a material. A tactile material has a surface 

that can be perceived individually by people when touching and feeling the material. Human 

touch is a subjective measurement that is complex to analyze in a scientific method. When 

designing the interior of a bus or other vehicles, it is significant to hear the needs and opinions of 

the driver in order to produce a product that suits the actual environment but also to satisfy the 

user [1]. Some of the tactile properties that can be measured are hardness, temperature and 

roughness. 

2.2 The human hand and its sense 

The human sense of touch is multi-faceted and diversified. The tactile system refers to 

stimulation reaching the central nervous system from receptors in the skin. The different types of 

receptors send specialized signals depending on the particular kind of stimuli to the brain. For 

example, there are different categories of perceptions for temperature, pressure and pain.  As a 

result, the brain is a constantly updated picture of the hands current movements and the 

characteristic of the hand-held objects.  

The sensory impression is registered by the sensory cells in the skin, muscles, joints and in the 

tendons. Nerve fibers run to the sensory cells, which are long projections from neurons in the 

spinal cord. The nerve cell with its projections and the belonging sensory cell form a tactile 

device. The tactile receptors alert us to our immediate environment and can get us to react to 

unexpected or unusual stimuli before it can become dangerous. They also help us understand and 

remember our environment [2]. 

Most of the mechanoreceptors, which are the nerve receptors, are located in the dermis, see 

Figure 1 for the different terms. The sensory cells quantity and sensitivity vary widely over the 

body. However our fingertips are a part of the body with lot of receptors and are also a god 

example on a sensitive area. Mechanoreceptors respond to mechanical forces such as tapping or 

holding [3]. There are four different kinds of mechanoreceptors that register different kinds of 

contacts, the first are the Merkel discs receptors. These respond to light touch and static contact, 

such as a feather being brushed against the body or breathing at the back of the neck. The second 

one is Meissners corpuscle. These receptors register dynamic contact and light pressure touch 

that helps us to recognize the feel of things. The third kind of tactile receptors is Pacinian 

corpuscle that register vibrations and the last one register pressure and are called Ruffini’s 

corpuscles. The free nerve endings detect temperature changes and are sometimes called 

thermoreceptors.  See Figure 1 for the different receptors [4]. 
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Figure 1. The layers of the skin with the placement of the receptors [5]. 

 

2.3 Visual perception 

More than half of all the sensory receptors in the body are located in the eye, making the visual 

perception one of the most important senses that the human being use when observing the 

environment. Most of the world around us mediates trough the eye and can therefore be seen as a 

critical sense.  

It is the sensory receptors in the eye that register inner and outer stimuli and transmits them 

through the optic nerve to the brain. The visual perception allows the brain to intercept and 

interpret visible light and by that creates the ability to see and form an image and perception of 

what we see. Part of sight perception is a person's visual memory, or the way that we can look at 

a building or a person and remember what and who they are, or when we last saw them, and all 

sorts of other associative memories [6].  

2.4 Properties of a steering wheel 

Require of the material properties are depending on if the bus is intended for long or short period 

travels. In long-distance buses there is often one driver most of the time and in short-distance 

buses, such as city buses, it may be many drivers that drive the same bus in one day. Long-

distance buses do also have better economic conditions, which result in that it can satisfy the 

need of the driver in a different matter. The fact that short period buses do have more drivers will 

result in that the steering wheel loses some of its positive qualities.  

Steering wheels in buses has to meet certain requirements in order to prevent injuries caused by 

overwork. There are given recommendations of properties when producing steering wheels. The 

recommended range of dimensions for steering wheels designed for operation by two hands are 

given in the figure and table below, see Figure 2. [7]. 
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Minimum tangential force needed to operate a steering wheel in a bus with one hand or two 

hands is 20 N. The maximal force for one hand should be 130 N and for two hands 220 N [5]. 

Many drivers prefer if the steering wheel has spokes, which joins the edge of the wheel to its 

center. The thumbs can be supported on the spokes in order to get a more stable and comfortable 

grip, which will improve the safety of the driver [8]. The spokes facilitates the ability to control 

the speed of the return rotation. Due to new and stricter requirements of safety, reduces the 

maintenance of spokes to make room for safety equipment. 

Many steering wheels are designed with bulges as finger grips on the underside, which helps the 

driver not to lose the grip when rotating the steering wheel. 

The inclination angle of the hub tilt should be 20-35º and should also be adjustable in order for 

the driver to customize for a certain need [7]. In order to get the driver feel comfortable and 

avoid getting strain injuries, which is a big occupational health problem, it is important that the 

workstation is adjustable [9]. 

  

Parameter Design 
recommendations 

D, hand wheel 
diameter 

180-530 mm 

d, rim diameter 20-50 mm 
M, displacement  
(from neutral) 

60 ⁰ 

Figure 2. A steering wheel with defined recommended parameters [7]. 
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3. Methodology 

To get convenient results to analyze, different methods and experiments have been implemented. 

For this kind of examination it is important to consider the intentional operator’s opinion. 

Therefore, subjective tests and interviews have been done. To receive technical information and 

supplemental data various measurements have been executed. 

3.1 Material Analyze  

The material in steering wheels for buses has to be tough and resistant in order to manage all the 

requirements of the environment for bus drivers. Driving a bus can involve temperature 

differences when opening the front door at every bus stop. The buses are often parked outdoors 

over the night and if the temperature is low it will take time before the steering wheel has a    

comfortable temperature. This makes it important for the material to handle the differences of 

temperature without affecting the material properties.  

The structure of the steering wheel is also important to obtain a god grip, and thereby prevent 

accidents. A surface can for example be either slippery or adhesive, which can be individually 

perceived as good or bad depending on the individual. Professional bus drivers [8] claim that it is 

very important that the steering wheel is not slippery in order not to slip and lose control. 

Furthermore, if the steering wheel is not enough adhesive it will imply a higher pressure for the 

driver to control the steering wheel. 

People who work as bus drivers [8] were asked to rank significant qualities of a steering wheel in 

order to comprehend which properties and qualities that should be considered essential. Below is 

a list of the attributes that most of the respondents declared. 

- Temperature 

- Humidity 

- Softness 

- Structure 

- Organic  

- Maintenance 

- Comfort 

- Quality 

According to Stefan Bruder, worker at the department of plastics at Scania [10], the most 

common material in steering wheels for buses are natural leather or artificial leather, which often 

is a compound of Polyvinyl Chloride (PVC), and another material. The reason of choosing 

artificial leather is, according to Bruder, that the desired material properties can be optimized and 

has a lower cost. 

3.1.1 Natural leather  

Five different samples of natural leather have been tested. Natural leather is divided into three 

categories; Aniline, Semi-aniline and Technical, depending on the surface treatment [11]. The 

differences are shown in Figure 3. 
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Figure 3. The picture visualizes the difference in the structure of Aniline, Semi-aniline and Technical 

leather. The colors symbolize the different coats. 

 

Aniline leather 

This is the most natural looking leather and has been treated to keep the feeling raw and natural. 

Only a light surface finishing is made in order to protect it from grime. The natural inclusions, 

such as pores and scratches, are visible and will therefore affect the structure, see Figure 3.  

Semi-aniline 

Semi-aniline leather has good naturalness, comfort and durability. The surface is treated with an 

aqueous mixture of fixative and contrasting pigments, which will result in a soft and smooth 

leather. Semi-aniline leather is more durable than aniline leather, and can withstand the rigors of 

public places and is easy to clean. 

Technical leather  

This type of leather is intended to withstand heavy use in automotive and aircrafts, and should be 

extremely tolerant to fire and light. Technical leather undergoes the same treatments as Aniline 

and Semi-aniline leather, but to meet the demanding requirements from the automotive industry, 

it has to go through several more processes. Repeated nuances and treatments are made to get the 

desired durable surface. A consequence of the repeated treatments is that the material loses some 

of its natural structure.  

Technical leather is not used in this study, because it was unfortunately not possible to get a 

sample of the material. 

3.1.2 Artificial leather 

Synthetic leather is a substitute of natural leather and is often used when natural leather is cost-

prohibited or unsuitable. Artificial leather is often a plastic fabric but can also be a mixture of 

different materials in order to invent more desirable material properties for a specific cause. 

Leather 

Coat 

Original structure 

Artificial embossing 

Aniline leather 

Semi-aniline leather 

Technical leather 
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Generally, artificial leather does not breathe as the natural leather does, which can be considered 

as a disadvantage. But because of the fact that there are many benefits of artificial leather, such 

as affordability, it has become a popular alternative. 

3.2 Choice of material  

When considering which materials to base this study on, the properties of the different leathers 

were taken into account. All the test samples have to be a potential option for the use in steering 

wheels. Genuine and artificial leather with different surface finishing were chosen to be 

analyzed.  

3.2.3 Natural leather samples used in the study 

The material samples of natural leather that are used in the tests for this study are from a 

collection of the company Elmo Sweden AB [11]. The names of the different types are set by the 

company and describe the treatment and structure of the leather.  

L1. Elmoline 

This is a Semi-Aniline leather and has been developed to meet high requirements for safety and 

durability in demanding environments in the air, on land an at sea. It is a thin leather with a soft 

structure and mostly used in furniture, automotives and aircrafts. 

L2. Elmonordic 

It is a Semi-Aniline leather that is durable and suitable for public areas. The structure is sturdy 

with a distinct character. Its visible inclusions are significant for both the visual and the tactile 

perception. It is mostly used in furniture, aircrafts and automotives.  

L3. Elmorustical 

This material is Aniline leather with all the distinct features of the natural hide. It can vary in 

structure and gives a luxurious feeling. It is mostly used in furniture and aircrafts. 

L4. Elmosoft 

A Semi-Aniline leather that is soft and pliable. Elmosoft can be compared to Elmonordic but is 

less sturdy. The material has relatively good ability to resist strong light. It is mostly used in 

furniture and motor vehicles. 

L5. Elmotech 

This is a Semi-Aniline leather that can be compared to Elmoline, but is thicker and has a more 

heavy structure. It is mostly used in furniture, aircrafts and automotive. 

Technical data of the natural leather samples are presented below in Table 1. For more detailed 

information, see Attachment 1.  
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 Thickness 
[mm] 

Light 
resistance 

Tear-
strength 
[N/mm] 

Comfort Rubbing 
 scale 1-5 

Structure 

Elmorustical 1,3-1,5 1,5 20 5 2 4,5 
Elmonordic 1,3-1,5 3,5 20 2,5 3,5 4 
Elmosoft 1,0-1,3 3,5 20 2,5 3,5 2 
Elmoline 1,0-1,2 4,8 20 1 4 3 
Elmotech 1,3-1,5 4,8 40 1 4 4 

Table 1. The technical data of the natural leather samples [11]. 

 

3.2.4 Artificial leather samples used in the study 

The material samples of artificial leather for this study are from a collection of the company 

Nevotex AB [12]. The samples are selected on the basis of its area of use and all of them are often 

used in automotives.  The technical data of the artificial leather samples are presented in 

Attachment 2. 

P1. Urban 

This material is a durable and can be used in most areas. It is a compound of 83% PVC and 17% 

cotton. It is free from Phthalates, which are esters of Phthalate acid that are mainly used as 

plasticizer to increase the flexibility, durability and endurance of the material. This material is 

suitable in areas where it is a requirement that the material is free from phthalates. Urban is 

flame tested for different standards of use in furniture, boats and cars. 

P2. Pirk 

This is embossed artificial leather, which has a robust feel. It is used mostly in boats and cars. 

P3. Select 

Select has a soft feel and deep embossing and is very similar to genuine leather. It is waterproof, 

abrasion resistant and flameproof. 

P4. Peri 

This is a sustainable phthalate free material and is made of renewable non-petroleum based raw 

material. 

P5. Forte 

This material is relatively thick, which makes the material sustainable and durable. The 

embossing makes the feel of the material smoother than many of the other alternatives. It is 

mostly used in gyms and hospitals, but also in more demanding environments, such as in boats 

and automotive. 

The natural leather samples have been defined with the parameter L together with the number of 

the sample, such as L1-L5. The artificial leather samples have been defined with the parameter 

P, together with the number of the sample, P1-P5.  
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3.3 Subjective tests of material properties 

The subjective tests were done with test persons who evaluated the material samples based on 

different attributes. The fact that the materials were intended for steering wheels in buses was not 

revealed for the participants. Thereby, possible experiences would not interfere with the tactile 

perception, which could influence the answers.  

A survey for the subjective tests was prepared, in which the participants answered questions of 

how they perceived the properties of each material sample, see Attachment 3. The attributes in 

the survey were chosen accordingly of the significant properties that the bus driver stated. 

The material samples used in the test were cut in pieces of 70x110 mm and attached on two 

boards, one with the natural leather samples and one with the artificial leather samples. There 

were five different samples on each board. See Figure 4.  

 

 

 
 

 
Figure 4.  The top picture shows the five different genuine leather samples and the bottom picture the five 

artificial leather samples that are attached on the testing boards. 

 

Two boxes were prepared to be placed over the boards, with the purpose of hiding the materials 

to make sure that the participant’s visual perception would not interfere with the tactile 

perception. See Figure 5.  

 

   
Figure 5. The picture shows a participant touching the material samples during the test. 
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A total number of 13 people carried out the test, and was made with two participants at a time. 

The participants were instructed how the test worked and that they had five pieces of material 

samples in front of them. They should use three fingers when touching the material, the index, 

the middle and the ring finger.  

When the test was over the intended use of the materials was revealed. They were asked to touch 

each material once again and grade which sample they thought felt best and which sample that 

they thought looked best for the actual purpose. 

The answers were compiled in a program called Tacal, which is a program used for tactility 

computing. Tacal was used for depict the results in diagrams. 

3.4 Friction measurement 

To analyze the friction coefficient between the human skin and the materials a force board that 

measures forces and evaluates friction was used, see Figure 6. When force is applied to the area 

on top of the force board, it measures the forces in horizontal and vertical direction.  

 

 
Figure 6. The ForceBoard [13]. 

 

The materials were attached to the ForceBoard with double-coated adhesive tape. By pressing 

and sliding the middle finger against the material sample the ForceBoard software calculates the 

quote between the friction force Ff and the normal force N, by equation 1 [14]. This factor is the 

friction coefficient µ. 

 
fF N  . (1) 

The participants were instructed to use their middle finger and stroke the material from the top to 

the bottom, as shown in Figure 7.  
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Figur 7. The figure is an illustration of how to operate and use the ForceBoard. 

The ForceBoard was connected to a computer, which simultaneously showed diagram over the 

vertical and horizontal force together with the friction coefficient, see Figure 8. The participants 

stroke the material five times while trying to keep the same pressure during the test.  

 

 

Figure 8. A participant who is stroking a material on the ForceBoard. Meanwhile , the result was shown 

on a screen. 

3.5 Simulation of a steering wheel 

A steering wheel from a Scania truck was used to measure the contact surface that occurs when 

holding a steering wheel. A frame was built for the steering wheel in order to enable doing a 

realistic test where the steering wheel could be turned authentically.  

3.5.1 Measurement of contact surface 

To measure the contact surface between the steering wheel and a hand, color pigments was used. 

The difference in concentration of color in the hand would show the distribution of contact 

surface and pressure. Three different grips were tested, one with the hands over the two spokes 

in top of the wheel, grip 1, one holding between the spokes, grip 2, and one holding on the 

bottom spokes, grip 3. See Figure 9 for the different grips.  
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Figure 9. The three different grips that were compared. 

 

The steering wheel was covered with color pigments evenly, using a brush. See Figure 10.   

 

 

Figure 10. The picture shows when the color pigments where brushed on the simulation of a steering 

wheel. 

 

The participants dampened their hands before the test, in order to get the color pigments to stick 

on the hands. The grip was hold for 10 seconds while turning the steering wheel. The hand, 

which was covered with color pigments, was pressed onto a blank paper, so as to be able to 

analyze the different contact areas of the different grips, see Figure 11.  

 

 

Figure 11. A hand covered with color pigments, pressed onto a blank paper. 

  

         1      2     3 
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4. Result 

The results of the executed tests were compiled and are presented in the following chapter.  Most 

of the obtained data is presented in terms of diagrams and tables. 

4.1 Subjective tests of the perception of the materials  

The results of the subjective tests are presented in charts in order to easily analyze the answers. 

These results are fully based on the perception of how the samples felt when touching them. A 

cross is marked where only one person has answered. The green area is the range where three or 

more people have answered and the black range corresponds to where two or more people have 

answered.  

The mean values of the ranking were computed and are presented in tables of each attributes that 

were evaluated in the tests. 

4.1.1 Coarseness 

The participants graded the material samples based on the coarseness, such as if the sample felt 

smoother or more coarse. 5 indicate that the sample felt coarse, and 1 indicates that it felt 

smooth, see Figure 12.  

 

Figure 12. Grade 1 equals to smooth and grade 5 equals to coarse. According to this chart material L2 

and P3 was ranked as the coarsest. 

 

The result shows that the participants thought that the natural leather L2 and the artificial leather 

P3 felt coarsest, and P1, P4 and P5 felt as the smoothest. The table below shows the total mean 

value of the rankings, and also the mean values of the male answers and the female answers, see 

Table 2. The two samples with the highest total mean value of the grade are bold marked. 

Smooth Coarse 
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 L1 L2 L3 L4 L5 P1 P2 P3 P4 P5 

Total  2,6 4,2 3,0 2,5 2,5 2,0 3,6 4,0 1,9 1,8 
Men 2,3 4,3 2,3 2,3 2,0 2,3 3,7 3,7 1,7 1,7 
Women 2,7 4,2 2,8 2,5 2,6 2,1 3,6 4,1 2,0 1,9 

Table 2. The table presents the mean value of the coarseness of each sample. The highest value 

has been bold marked. 

 

L2 and P3 had the highest mean values, whereas P4 and P5 had the lowest mean values. The 

male and female results are almost similar. 

4.1.2 Comfortable 

The participants graded the material samples based on the comfort, such as if the sample felt 

uncomfortable or comfortable. 5 indicates that the sample felt comfortable, and 1 indicates that it 

felt uncomfortable. See Figure 13. 

 

Figure 13. Grade 1 equals to uncomfortable and grade 5 equals to comfortable. According to this chart 

material L1 and L4 was ranked as the most comfortable samples. 

 

The diagram shows that the participants thought that the natural leather L1 and L4 felt most 

comfortable, meanwhile L2 and L5 felt most uncomfortable. The table below shows the total 

mean value of the rankings, and also the mean values of the male answers and the female 

answers, see Table 3. 

 

 

Uncomfortable Comfortable 
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 L1 L2 L3 L4 L5 P1 P2 P3 P4 P5 

Total  3,7 2,6 2,8 3,5 2,6 2,8 2,8 3,0 2,7 3,1 
Men 4,0 2,3 2,3 3,3 3,3 3,0 3,3 2,7 3,3 2,7 
Women 3,6 2,7 2,9 3,6 2,2 2,7 2,6 3,1 2,5 3,2 

Table 3. The table presents the mean value of the comfort of each sample. 
 

The natural leather samples L1 and L4 had the highest mean values, whereas L2 and L5 had the 

lowest mean values. The male and female results are almost similar, but the male values are 

almost the same for all the material samples.   

4.1.3 Hardness 

The participants graded the material samples based on the hardness, such as if the sample felt 

soft or hard. 5 points indicates that the sample felt hard, and 1 point indicates that it felt soft, see 

Figure 14.  

 

Figure 14. Grade 1 equals to soft and grade 5 equals to hard. According to this chart, material P4 and 

L5 was ranked as the hardest samples. 
 

The result shows that P4 and L5 were considered as the harder samples, meanwhile L3 and P3 

felt softest. The table below shows the total mean value of the rankings, and also the mean values 

of the male answers and the female answers, see Table 4. 

 

Soft Hard 
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 L1 L2 L3 L4 L5 P1 P2 P3 P4 P5 

Total  2,8 2,5 2,0 2,8 3,5 3,2 2,6 2,2 3,8 2,5 
Men 3,3 2,3 2,7 3,7 3,3 4,3 2,3 2,7 4,0 3,0 
Women 2,7 2,6 1,8 2,5 3,6 2,8 2,7 2,1 3,8 2,4 

Table 4. The table presents the mean value of the hardness of each sample. 
 

L5 and P4 had the highest mean values, although L3 and P3 had the lowest mean values. The 

male results consider that P1 is the hardest. 

4.1.4 Humidity 

The participants graded the material samples based on the humidity, such as if the sample felt 

dry or moist. 5 indicates that the sample felt moist, and 1 indicates that it felt dry, see Figure 15.  

 

Figure 15. Grade 1 equals to dry and grade 5 equals to moist. According to this chart, material L3 and 

P3 was ranked as the moistest samples. 
 

The result shows that the participants thought that L3 and P3 had the highest humidity and that 

L5, P4 and P1 felt dry. The table below shows the total mean value of the rankings, and also the 

mean values of the male answers and the female answers, see Table 5. 

 L1 L2 L3 L4 L5 P1 P2 P3 P4 P5 

Total  2,6 2,8 4,0 3,1 1,7 1,8 3,1 3,8 1,7 3,3 
Men 3,0 3,3 3,7 2,3 1,7 2,3 4,0 3,7 1,3 3,3 
Women 2,5 2,6 4,1 3,3 1,7 1,7 2,8 3,8 1,8 3,3 

Table 5. The table presents the mean value of the humidity of each sample. 

 

Dry Moist 
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L3 and P3 had the highest mean values, as well as L5 and P4 had the lowest mean values. The 

male mean value shows that the male participants consider P2 as the moistness sample. 

4.1.5 Organic 

The participants graded the material samples based on the feeling of organic, such as if the 

sample felt natural or artificial. 5 indicates that the sample felt natural, and 1 indicates that it felt 

artificial, see Figure 16.  

 

Figure 16. Grade 1 equals to artificial and grade 5 equals to natural. According to this chart, material 

L4 and P3 was ranked as the most natural samples. 
 

The result shows, based on how organic the samples felt, that L4 and P3 felt most natural, and P4 

felt at least natural. The table below shows the total mean value of the rankings, and also the 

mean values of the male answers and the female answers, see Table 6. 

 L1 L2 L3 L4 L5 P1 P2 P3 P4 P5 

Total  2,7 2,6 2,2 3,5 2,5 2,5 2,2 2,8 1,8 2,5 
Men 3,0 2,0 1,0 4,0 3,3 3,0 2,3 2,0 2,3 3,3 
Women 2,6 2,8 2,5 3,3 2,3 2,3 2,1 3,0 1,7 2,2 

Table 6. The table presents the mean value of how organic each of the samples felt. 
 

The natural leather, L4 had the highest mean value overall, whereas the male and female values 

are also highest at L4. P4 had the lowest total mean value. The lowest value, which corresponds 

to artificial, of the male result is at the natural leather, L3.  

 

Artificial Natural 
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4.1.6 Quality 

The participants graded the material samples based on the quality, such as if the sample felt as a 

high or low quality material. 5 indicates that the sample felt as high quality, and 1 indicates that 

it felt as poor quality, see Figure 17.  

 

Figure 17. Grade 1 equals to poor and grade 5 equals to high. According to this chart, material P5 and 

P3 was ranked as the samples with best quality. 

 

The result shows that P5 and P3 were considered as the samples with high quality, and P4 the 

sample which felt as low quality. The table below shows the total mean value of the rankings, 

and also the mean values of the male answers and the female answers, see Table 7. 

 L1 L2 L3 L4 L5 P1 P2 P3 P4 P5 

Total  3,2 2,6 2,8 3,4 3,2 2,9 2,6 3,4 2,3 3,5 
Men 2,7 2,7 3,3 4,0 4,3 3,0 2,3 4,0 4,0 4,0 
Women 3,3 2,6 2,7 3,2 2,8 2,9 2,7 3,2 1,8 3,4 

Table 7. The table presents the mean value of the quality of each sample. 
 

P5, L4 and P3 have the highest mean values, and P4 has the lowest value. Moreover, L5 has the 

highest male mean value.  

Poor High 
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4.1.7 Surface 

The participants graded the material samples based on the surface, such as if the sample felt 

slippery or sticky with an adhesive feel. 5 indicates that the sample felt sticky, and 1 indicates 

that it felt slippery, see Figure 18.  

 

Figure 18. Grade 1 equals to slippery and grade 5 equals to sticky. According to this chart, material P3 

and L5 was ranked as the most adhesive samples. 

 

The diagram shows that the participants thought that P3 and L5 felt stickiest, meanwhile P5 felt 

most slippery. The table below shows the total mean value of the rankings, and also the mean 

values of the male answers and the female answers, see Table 8. 

 L1 L2 L3 L4 L5 P1 P2 P3 P4 P5 

Total  2,7 3,0 2,6 2,8 3,2 2,8 3,0 3,9 2,6 2,5 
Men 2,3 4,3 3,7 2,7 2,7 2,3 3,7 4,0 3,0 3,0 
Women 2,8 2,6 2,3 2,9 3,3 2,9 2,8 3,9 2,5 2,3 

Table 8. The table presents the mean value of how the structure on the surfaces felt for each 

sample. 
 

The artificial leather sample P3 had the highest mean value according to the structure of the 

surface, while L2 had the highest male value. P5 had the lowest mean value. 

Slippery Sticky 
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4.1.8 Temperature 

The participants graded the material samples based on the temperature, such as if the sample felt 

cold or warm. 5 indicates that the sample felt warm, and 1 indicates that it felt cold, see Figure 

19.  

 

Figure 19.  Grade 1 equals to cold and grade 5 equals to warm. According to this chart, material L4 and 

P3 was ranked as the most neutral samples. 

 

The result shows that the participants thought none of the samples felt warm. P3 considered 

slightly warm, and P4 considered cool. The table below shows the total mean value of the 

rankings, and also the mean values of the male answers and the female answers, see Table 9. 

 L1 L2 L3 L4 L5 P1 P2 P3 P4 P5 

Total  2,7 2,5 2,4 2,8 2,5 2,5 2,7 2,9 1,9 2,0 
Men 3,0 1,7 2,0 3,0 3,0 2,3 2,3 2,0 2,0 2,7 
Women 2,6 2,8 2,5 2,8 2,3 2,5 2,8 3,1 1,9 1,8 

Table 9. The table presents the mean value of the temperature of each sample. 
 

The artificial material sample, P3 had the highest mean value, as well as P4 had the lowest value. 

However, the natural leather samples L1, L4 and L5 had the highest male mean value, and L2 

the lowest value.   

Cold Warm 
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4.1.9 Wipeability 

The participants graded the material samples based on the wipeability, such as if the sample felt 

difficult or easy to wipe off. 5 indicates that the sample felt easy, and 1 indicates that it felt 

difficult to wipe off, see Figure 20.  

 

Figure 20. Grade 1 equals to difficult and grade 5 equals to easy. According to this chart, material P4 

and P5 was ranked as the easiest samples to clean. 
 

The diagram shows that the participants thought that P4 and P5 felt as the easiest samples to 

wipe off, and P2 and P3 as more difficult to clean. The table below shows the total mean value of 

the rankings, and also the mean values of the male answers and the female answers, see Table 

10. 

 L1 L2 L3 L4 L5 P1 P2 P3 P4 P5 

Total  3,3 2,8 3,4 2,9 3,1 3,5 2,3 2,3 4,5 4,2 
Men 3,0 1,7 3,0 2,7 3,3 4,0 2,0 2,3 4,7 4,3 
Women 3,4 3,2 3,5 3,0 3,0 3,4 3,0 3,2 4,4 4,1 

Table 10. The table presents the mean value of the wipeability of each sample. 
 

The artificial leather samples P4 and P5 had the highest mean value based on the wipeability, 

and P2 had the lowest value. The male and the female result are almost similar to each other. 

   

Easy Difficult 
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4.2 Summary of the subjective tests 

A table with the mean values of the received data is compiled in Table 11 to easily interpret the 

results. The material sample that received the highest ranking was P3. To see the result of each 

material in terms of the different attributes, see Attachment 4. 

 

 Coarse-
ness 

Comfort Hard-
ness 

Humidity Organic Quality Surface Tempe- 
ratur 

Wipe-
ability 

L1 2,6 3,7 2,8 2,6 2,7 3,2 2,7 2,7 3,3 
L2 4,2 2,6 2,5 2,8 2,6 2,6 3,0 2,5 2,8 
L3 3,0 2,8 2,0 4,0 2,2 2,8 2,6 2,4 3,4 
L4 2,5 3,5 2,8 3,1 3,5 3,4 2,8 2,8 2,9 
L5 2,5 2,5 3,5 1,7 2,5 3,2 3,2 2,5 3,1 
P1 2,0 2,8 3,2 1,8 2,5 2,9 2,8 2,5 3,5 
P2 3,6 2,8 2,6 3,1 2,2 2,6 3,0 2,7 2,3 
P3 4,0 3,0 2,2 3,8 2,8 3,4 3,9 2,9 2,3 
P4 1,9 2,7 3,8 1,7 1,8 2,3 2,6 1,9 4,5 
P5 1,8 3,1 2,5 3,3 2,5 3,5 2,5 2,0 4,2 

Table 11. The table presents the mean value of all the attributes of each sample. 
 

According to the subjective test and rankings the artificial leather P3, got the best grade overall. 

The participants thought it felt coarse, moist, organic and cool. And they considered it to have 

good quality and an adhesive surface. On the contrary it felt as hardest to wipe off. The artificial 

leather P4 had the lowest grade overall and had the lowest rate in coarseness, humidity and 

quality, and felt less organic than the other samples. It also had a low rate in temperature, which 

means that the participants thought it felt cool. 

4.3 Ranking of the samples 

After these tests was done, it was revealed that the intended use of the materials were for steering 

wheels in buses. The participants were asked to rank the materials based on how the material felt 

and the visual perception, where 1 was the best suited and 5 the least suited. Half of the test 

persons ranked the natural leather and the other six ranked the artificial materials. They were 

also told to say if they preferred the other leather and if so which of the materials they preferred.  

The score of the rankings was evaluated and the natural leather that felt best suited was L4 and 

the natural leather that looked best suited was L1. Four out of six people added that they thought 

that P3 felt or looked better than the natural leather samples. Of the artificial leather samples the 

material that felt best suited was P3 and the sample that looked best suited was P5. All of the 

participants added that they thought that the natural leather samples looked more suited than the 

artificial leather samples. The artificial leather P3 was ranked as the best suited material sample, 

based on the appearance. 

4.4 Friction measurement 

The data of the friction measurement where transmitted from the ForceBoard to a computer. The 

vertical and horizontal force was used to compute the friction coefficient. The mean value of the 

friction coefficient for each material was calculated which can be seen in Figure 21 and Table 

12.  
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Figure 21. Mean friction coefficient for each material. 

The diagram shows that the friction coefficients of each sample are relatively analogous. The 

material with highest mean friction coefficient was material sample L3, Elmorustical, and the 

sample with the lowest was L2, Elmonordic. See Attachment 5 for detailed data of the test 

results. 

 

Material 

Friction coefficient value [µ] 

Min Max Mean 
L1 0,72 1,13 0,93 
L2 0,65 1,16 0,91 
L3 1,58 2,45 2,02 
L4 1,10 1,79 1,45 
L5 1,23 1,52 1,38 
P1 1,07 1,27 1,17 
P2 0,94 1,10 1,02 
P3 0,99 1,17 1,08 
P4 0,73 1,18 0,96 
P5 0,82 1,21 1,02 

Table 12. Friction coefficient for each material. 
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4.5 Contact area 

The result of the measure of the contact area considering the steering wheel and the hand are 

shown in Figure 22. The contact surface for holding hands over the spokes, grip 1 and 3 were 

similar to each other. When holding the hands in position of grip 2 no spokes was used, which 

resulted in less contact between the steering wheel and thenar eminenence part in the palm of the 

hand, see Figure 22. 

 

                                                                     

 

Figure 22. Contact surfaces for grip 1, 2 and 3. 

Another difference that occurs is that different area of the thumb is in contact with the steering 

wheel, when holding around the spikes or not.  

 

  

        1               2                 3 
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5. Discussion  

Many steering wheels that currently are used in buses are thoroughly evaluated and analyzed 

before installation. Although, to maintain the good qualities and desired properties it has to be 

verified or replaced on a regular basis.  

5.1 Subjective tests 

The material that was graded as the best material, P3 received good rates in the attributes that 

bus drivers consider as significant to be a comfortable steering wheel. On the contrary it felt 

smooth and difficult to wipe off, which are negative attributes according to bus drivers.  

The material that had the lowest rating P4 considered smooth, dry and felt as a material with low 

quality. According to bus drivers friction is important to get a good grip in order to not lose the 

grip when rotating the steering wheel. Therefore, if a material feels smooth it should be easier to 

lose the control, which could lead to a collision or furthermore injuries. 

In most of the material aspects that were studied in the subjective test the female and male 

answers and mean values were similar. The attributes where the answers differed between male 

and female were about the quality, temperature, humidity, hardness and comfort. A reason for 

that could be that these attributes are more difficult to define than the others.  

According to the tests, it is hard to feel the difference between genuine and synthetic leather. All 

the male participants thought that a natural leather L3 felt as most artificial. Artificial leather was 

high ranked in quality and in comfort. The participant thought that the genuine leather and the 

synthetic leather was about the same in how organic it felt, all material except the natural leather 

L4 felt more artificial than natural. 

The fact that the material samples that were analyzed in the subjective test were attached on a 

board, instead of on an actual steering wheel may have caused miscalculations of the results. 

Nevertheless, if the test had been done on a steering wheel the test subjects would have known 

the field of use. This was deliberately not revealed in the test in order to avoid that the test 

persons should answer based on experience from a similar environment.  

5.2 Friction coefficient 

To measure the friction coefficient between a finger and a material is demanding and the friction 

varies from person to person. Individual factors like the fingers texture, perspiration and 

moisture might be a reason for a large variation in friction coefficient measurement. The 

ForceBoard was sensitive regarding how the material was stroked, and it was very hard to get an 

exact result. Perhaps the ForceBoard is more suitable for hard materials.   

The friction coefficient that is calculated is between the finger and the material. Maybe 

something more neutral should have been used to stroke along the material instead of a finger, in 

order to get a more certain result. For further investigations it may be interesting to measure the 

friction coefficient for the material.  

When the results from the ForceBoard were put together you could see that the material with the 

highest friction coefficient, L3, had the highest humidity. Material, P4 had among the lowest 

friction coefficient and the lowest humidity. The interval between the lowest and the highest 

value was very narrow for synthetic leather. Contrariwise, it could vary a lot for genuine leather.  
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The natural leather sample L3 had the highest friction coefficient, which was 2,02.  That 

considered as being a very high value and it may be incorrect, due to sensitivity of the 

ForceBoard. L3 is the only aniline leather which means that it is a leather with a light surface 

treatment and therefore the most natural. The natural texture caused by the inclusions in the 

material could be a reason of the wide interval and the high friction coefficient of L3. 

The friction coefficient considering the different types of synthetic leather was much the same. A 

reason of that could be that the material is fabric made, which makes the texture pattern more 

consistent over a larger area. Genuine leather often has some natural imperfections, which 

creates unique textures. Therefore, the friction coefficient may be more difficult or uncertain to 

measure on natural leather, because the texture can vary a lot. 

The results of measuring the friction coefficient with this method vary a lot, depending of the 

propertied of the used finger. The result is influenced by the humidity and coarseness of the 

finger tip, which could mean that the result would be another if the test would have been done by 

other test participants. 

The ForceBoard, the instrument that was used to measure the friction coefficient required that 

the experiment was made on a planar surface. To make more appropriate test for more 

thoroughly result a test like this could have been done with material samples on an actual 

steering wheel. 

5.3 Contact surface 

The human hand perceives the texture differently at different places in the hand. The fingers are 

among the most sensitive parts of the hand with most tactile sensors, and the thumb is the most 

sensitive of them all. The palm is much more durable than the fingertip that has much lower 

concentration of the sensitive Meissner Corpuscles. That is why the contact areas were 

measured. 

The results of the contact surface measuring are not completely reliable, due to that the method 

that was used had a lot of disadvantage. When brushing the color pigments on to the steering 

wheel, uneven distribution may have occurred, which might have led to misleading results. 

Another reason for the misleading results is that the area of contact was not correct reflected 

when pressing the hand against the paper.  

With a more accurate and appropriate method the area where the pressure of the hand is highest 

could be measured. And further investigations could be to examine how high the pressure is at 

different grips and parts of the hand.  

5.4 Visual perception 

The sample that looked best suited for steering wheels, based on only the artificial leather 

samples was P5. Based on only the natural leather, sample L1 looked best, according to the test 

participants. When the participants were asked to rank witch of all the samples, both artificial 

and natural, that looked best overall P3 got the highest ranking. Some of the participants added 

that all of the genuine leather looked and felt best. 

 

 



  

29 

 

6. Conclusions 

It is hard to conclude what a preferred friction for a steering wheel is, but it is important to have 

friction between the hand and the steering wheel. The friction helps to keep your hands on place 

without putting so much force against the steering wheel. Other qualities such as softness, 

neutral temperature and moistness are considered important for the material to provide good 

comfort and in order to be a good material for a steering wheel.  

The friction coefficient of the synthetic leather did not vary much, not even considering the 

different material samples. Therefore, it seems like the structure of the artificial leather is more 

even than the genuine leather. 

According to the subjective test the artificial leather P3, got the best grade overall. The material 

looked and felt best for the purpose. It was also ranked as one of the materials with highest 

quality and the second most natural one. P3 was the highest ranked material sample with the 

desirable qualities for a steering wheel that the interviewed bus drivers stated. These properties 

can conclude as being important for a suitable steering wheel: 

- Coarse 

- Soft 

- Moist 

- Neutral temperature 

- Adhesive surface 

The result of measuring the contact surface was not as accurate as hoped. The result showed that 

the contact area were almost the same in the three different grips. Grip 1 and 3 proved to have 

the same contact areas, and grip 2 proved to have less contact with the thenar part of the palm. 

This result is, as said before not very reliable which has resulted in that no reliable conclusions 

has been drawn due to the insufficient method when measuring the contact area.  

Considering whether the natural leather or artificial leather is best suited for steering wheels is 

hard to conclude based on the experiments that are done in this project. The artificial leather was 

ranked as the best, and a benefit is that desired properties that meet the requirements for use in a 

bus can be created. On the other hand, natural leather can be treated in order to compliance, and 

is generally considered as a comfortable material because of the naturalness.  

A comprehensive inquiry or a substantial decision should not be based only of a subjective test 

like the test in this project. One of the participants concluded that the test was difficult and that it 

was hard to express the feeling by estimating it. Moreover, the person stated that the answers 

should probably not be the same if the test was done one more time. Therefore, the result of this 

test has to be complemented with other tests and results to draw accurate conclusions that can be 

used for further progress. 
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Attachment 1. Technical specifications, natural 
leather 

L1. Elmoline 
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L2. Elmonordic 
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L3. Elmorustical 
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L4. Elmosoft 
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L5. Elmotech 
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Attachment 2. Technical specifications, artificial 
leather 

P1. Urban 

 
 

P2. Pirk 

 
 

 

P3. Select 
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P4. Forte 

 
 

P5. Peri 
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Attachment 3. Survey of subjective tests 

Taktilitetstest 
 

 
Syftet med detta test är att undersöka hur olika material uppfattas subjektivt. Innan testet 

börjar, ska du förbereda dig genom att tvätta händerna med handsprit. Därefter kommer 

du att få bekanta dig med tio olika material. Provbitarna är placerade i en mörk låda, så 

att det enbart är känselintrycken som skall ligga till grund för bedömningen. Ytterligare 

instruktioner ges av testledaren. Var inte rädd för att fråga! 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Namn:                                                                             Ålder: __          
 

 
 
 

Kön: 

Man Kvinna 
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             Taktilitetstest 
 

Använd pekfinger, långfinger och ringfinger för att känna på materialen. Gradera sedan deras egenskaper. 

 

 
Poor 

Quality 
 

 
High 

 

 
Difficult 

Wipeability 
 

 
Easy 

 

Material #1 Material #1 
 

1 2 3 4 5 1 2 3 4 5 
 

Poor 
 
High 

 
Difficult 

 
Easy 

 

Material #2 Material #2 
 

1 2 3 4 5 1 2 3 4 5 
 

Poor 
 
High 

 
Difficult 

 
Easy 

 

Material #3 Material #3 
 

1 2 3 4 5 1 2 3 4 5 
 

Poor 
 
High 

 
Difficult 

 
Easy

 

Material #4 Material #4 
 

1 2 3 4 5 1 2 3 4 5 
 

Poor 
 
High 

 
Difficult 

 
Easy 

 

Material #5 Material #5 
 

1 2 3 4 5 1 2 3 4 5 
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             Taktilitetstest 
 

Använd pekfinger, långfinger och ringfinger för att känna på materialen. Gradera sedan deras egenskaper. 

 

 
Slippery 

Surface 
 

 
Sticky 

 

 
Artificial 

Organic 
 

 
Natural 

 

Material #1 Material #1 
 

1 2 3 4 5 1 2 3 4 5 
 

Slippery 
 
Sticky 

 
Artificial 

 
Natural 

 

Material #2 Material #2 
 

1 2 3 4 5 1 2 3 4 5 
 

Slippery 
 
Sticky 

 
Artificial 

 
Natural 

 

Material #3 Material #3 
 

1 2 3 4 5 1 2 3 4 5 
 

Slippery 
 
Sticky 

 
Artificial 

 
Natural 

 

Material #4 Material #4 
 

1 2 3 4 5 1 2 3 4 5 
 

Slippery 
 
Sticky 

 
Artificial 

 
Natural 

 

Material #5 Material #5 
 

1 2 3 4 5 1 2 3 4 5 
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             Taktilitetstest 
 

Använd pekfinger, långfinger och ringfinger för att känna på materialen. Gradera sedan deras egenskaper. 

Comfortable 
Uncomfortable 

 
Material #1 

 
1 2 3 4 

 

 
Comfortable 
 

 
 

5 

 
 
 
 
Material #1 

 

 
Cold 

Temperature 
 
 
 
 
1 2 3 4 

 

 
Warm 

 

 
 
5 

 
Uncomfortable 

 
Material #2 

 
1 2 3 4 

 
Comfortable 
 

 
 

5 

 

 
Material #2 

 
Cold 

 
 
 

 
1 2 3 4 

 
Warm 

 

 
 
5 

 
Uncomfortable 

 
Material #3 

 
1 2 3 4 

 
Comfortable 
 

 
 

5 

 

 
Material #3 

 
Cold 

 
 
 

 
1 2 3 4 

 
Warm 

 

 
 
5 

 
Uncomfortable 

 
Material #4 

 
1 2 3 4 

 
Comfortable 
 

 
 

5 

 

 
Material #4 

 
Cold 

 
 
 

 
1 2 3 4 

 
Warm 

 

 
 
5 

 
Uncomfortable 

 
Material #5 

 
1 2 3 4 

 
Comfortable 
 

 
 

5 

 

 
Material #5 

 
Cold 

 
 
 

 
1 2 3 4 

 
Warm 

 

 
 
5 
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             Taktilitetstest 
 

Använd pekfinger, långfinger och ringfinger för att känna på materialen. Gradera sedan deras egenskaper. 

 

 
Soft 

Hardness 
 

 
Hard 

 

 
Smooth 

Coarseness 
 

 
Coarse 

 

Material #1 Material #1 
 

1 2 3 4 5 1 2 3 4 5 
 

Soft 
 
Hard 

 
Smooth 

 
Coarse 

 

Material #2 Material #2 
 

1 2 3 4 5 1 2 3 4 5 
 

Soft 
 
Hard 

 
Smooth 

 
Coarse 

 

Material #3 Material #3 
 

1 2 3 4 5 1 2 3 4 5 
 

Soft 
 
Hard 

 
Smooth 

 
Coarse 

 

Material #4 Material #4 
 

1 2 3 4 5 1 2 3 4 5 
 

Soft 
 
Hard 

 
Smooth 

 
Coarse 

 

Material #5 Material #5 
 

1 2 3 4 5 1 2 3 4 5 
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             Taktilitetstest 
 

Använd pekfinger, långfinger och ringfinger för att känna på materialen. Gradera sedan deras egenskaper. 

 

 
Dry 

Humidity 
 

 
Moisty 

 

Material #1 
 

1 2 3 4 5 
 

Dry 
 
Moisty 

 

Material #2 
 

1 2 3 4 5 
 

Dry 
 
Moisty 

 

Material #3 
 

1 2 3 4 5 
 

Dry 
 
Moisty 

 

Material #4 
 

1 2 3 4 5 
 

Dry 
 
Moisty 

 

Material #5 
 

1 2 3 4 5 
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Materialet ska användas för bussrattar. Vilket material känns bäst för detta 

användningsområde, rangordna materialen där 1 är det mest lämpade och 5 minst. 

1. 
 
2. 

 
3. 

 
4. 

 
5. 

 
 

 
Vilket material ser bäst ut för detta användningsområde, rangordna materialen där 1 är det 

mest lämpade och 5 minst. 

1. 
 
2. 

 
3. 

 
4. 

 
5. 

 
 

 
Övriga kommentarer: 
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Attachment 4. Diagrams based of each material 
sample 

Natural leather 

L1. Elmoline 

 
Figure 1. Diagram over the attributes for material sample L1. 

 

 

 
Figure 2. Polar diagram for material sample L1 based on the attributes. 
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L2. Elmonordic 

 
Figure 3. Diagram over the attributes for material sample L2 

 

 
Figure 4. Polar diagram for material sample L2 based on the attributes. 
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L3. Elmorustical 

 
Figure 5. Diagram over the attributes for material sample L3. 

 
Figure 6. Polar diagram for material sample L3 based on the attributes. 
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L4. Elmosoft 

 
Figure 7. Diagram over the attributes for material sample L4. 

 
Figure 8. Polar diagram for material sample L4 based on the attributes. 
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L5. Elmotech 

 
Figure 9. Diagram over the attributes for material sample L5. 

 
Figure 10. Polar diagram for material sample L5 based on the attributes. 
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Artificial leather 

P1. Urban 

 
Figure 11. Diagram over the attributes for material sample P1. 

 
Figure 12. Polar diagram for material sample P1 based on the attributes. 
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P2. Pirk 

 
Figure 13. Diagram over the attributes for material sample P2. 

 
Figure 14. Polar diagram for material sample P2 based on the attributes. 
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P3. Select 

 
Figure 15. Diagram over the attributes for material sample P3. 

 
Figure 16. Polar diagram for material sample P3 based on the attributes. 

 

 

 

 



 

9 

 

P4. Peri 

 
Figure 17. Diagram over the attributes for material sample P4. 

 
Figure 18. Polar diagram for material sample P4 based on the attributes. 
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P5. Forte 

 
Figure 19. Diagram over the attributes for material sample P5. 

 

 
Figure 20. Polar diagram for material sample P5 based on the attributes. 
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Attachment 5. The friction data of the material 
samples 
The column named Quotient, contains the value of the friction coefficient, which is the factor of 

the horizontal and vertical force that are presented in columns H_force and V_force.  

Natural leather 

L1. Elmoline 

TheTime dT Quotient H_force V_force

41025.4059072877.14661 0.7285256 0.8969500 1.236276

41025.4059079077.20007 1.028606 1.793983 1.749193

41025.4059084377.24661 1.066265 2.285508 2.149519

41025.4059090677.30103 1.125079 2.482118 2.212070

41025.4059097677.36105 1.091306 2.543559 2.337172

41025.4059102177.40008 1.035250 2.580424 2.499804

41025.4059107577.44661 0.9186090 2.334661 2.549845  
Table 1.Friction and force data for material L1. 

L2. Elmonordic 

TheTime dT Quotient H_force V_force

41025.4046151276.39999 0.6453983 0.2827814 0.4401963

41025.4046156176.44264 0.7661897 0.3563557 0.4128359

41025.4046162876.50004 0.8696915 0.3686438 0.4253461

41025.4046169476.55713 0.8959549 0.3686438 0.4128359

41025.4046174076.59698 0.8259665 0.3809320 0.4628766

41025.4046179376.64264 0.8133566 0.4055082 0.5004072

41025.4047383087.04263 1.054586 1.118220 1.063365

41025.4047389387.09706 1.132588 1.130508 1.000814

41025.4047394587.14263 1.157144 1.155084 1.000814  
Table 2. Friction and force data for material L2. 

L3. Elmorustical 

 

Table 3. Friction and force data for material L3. 

TheTime dT Quotient H_force V_force

41025.4148627758.89809 1.585515 0.7127114 0.4503664

41025.4148633558.94799 1.794162 0.7618639 0.4253461

41025.4148639558.99997 1.691243 0.6758471 0.4003257

41025.4148645659.05271 1.603704 0.5406776 0.3377748

41025.4148725559.74302 1.741496 2.457626 1.413650

41025.4148731259.79269 1.851417 2.543643 1.376120

41025.4148737459.84607 1.885647 2.543643 1.351099

41025.4148743359.89705 1.929355 2.482202 1.288548

41025.4148755660.00295 2.084944 2.396185 1.150936

41025.4148760260.04313 2.190739 2.408473 1.100896

41025.4148784560.25271 2.233940 2.433713 1.090891

41025.4148789960.29933 2.388465 2.506778 1.050855

41025.4148795260.34499 2.450159 2.519066 1.050855
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L4. Elmosoft 

TheTime dT Quotient H_force V_force

41025.406968080.4536402 1.761415 1.535563 0.8732652

41025.406968620.4999959 1.407991 1.388558 0.9883042

41025.406969200.5499954 1.476376 1.400847 0.9507736

41025.406969780.5999980 1.529470 1.413135 0.9257533

41025.406970400.6535764 1.470159 1.449999 0.9883042

41025.406970930.6999958 1.563836 1.425423 0.9132431

41025.406971550.7536335 1.457241 1.400847 0.9632838

41025.406972090.7999978 1.148407 1.449999 0.9382634

41025.406972720.8545666 1.240509 1.363571 0.8482509

41025.406973250.8999972 1.310605 1.388558 0.8131616  
Table 4. Friction and force data for material L4. 

L5. Elmotech 

 

TheTime dT Quotient H_force V_force

41025.4079171525.20357 1.231265 2.039829 1.776445

41025.4079176925.24998 1.265893 2.764829 2.189281

41025.4079183125.30361 1.258098 3.108896 2.477015

41025.4079189625.36000 1.257857 3.563557 2.839811

41025.4079194725.40358 1.203528 3.379235 2.814790

41025.4079200125.45010 1.439651 2.678812 2.201792

41025.4079206425.50459 1.519544 1.916948 1.588793

41025.4079212125.55363 1.500970 1.794067 1.426160

41025.4079219025.61366 1.348852 1.266071 0.9407210

41025.4079223225.64998 1.294477 0.8724571 0.6755497  
Table 5. Friction and force data for material L5. 
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Artificial leather 

P1. Urban 

TheTime dT Quotient H_force V_force

41025.408674790.7636664 1.071197 1.069067 1.000814

41025.408675290.8068419 1.168604 1.093643 0.9382634

41025.408675790.8499906 1.155507 1.081355 0.9382634

41025.408676440.9056385 1.152851 1.081699 0.9407300

41025.408676950.9499907 1.179116 1.118220 0.9507736

41025.408677601.005976 1.163841 1.118220 0.9632838

41025.408678111.050183 1.123773 1.093643 0.9757940

41025.408678761.106277 1.181805 1.117867 0.9483052

41025.408679261.149993 1.272815 1.069067 0.9632838

41025.408679921.206598 1.210902 1.118220 0.9257533

41025.408680421.249994 1.194797 1.118220 0.9382634

41025.408681071.305943 1.227449 1.118220 0.9132431

41025.408681581.350135 1.151085 1.105932 0.9632838  
Table 6. Friction and force data for material P1. 

P2. Pirk 

TheTime dT Quotient H_force V_force

41025.4096312810.49901 0.9441405 1.941524 2.364424

41025.4096318110.54518 0.9922665 1.732626 1.751425

41025.4096324410.59997 1.009604 1.523728 1.513732

41025.4096329710.64518 1.079837 1.818643 1.688874

41025.4096335910.69900 1.103594 2.285592 2.076690

41025.4096341210.74518 1.060808 2.408473 2.276853

41025.4096347510.79905 1.038634 2.383897 2.301873

41025.4096352810.84518 1.020331 2.138134 2.101710

41025.4096358610.89521 1.036409 1.241101 1.200977  
Table 7. Friction and force data for material P2. 
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P3. Select 

TheTime dT Quotient H_force V_force

41025.4104796110.94999 0.9931976 0.7617805 0.9110055

41025.4104801910.99999 0.9953149 0.9829669 0.9360258

41025.4104808111.05390 1.120598 1.032119 0.9235156

41025.4104813511.10029 1.055985 0.9461025 0.8984953

41025.4104819211.14999 1.084899 0.9341226 0.8634102

41025.4104825011.19999 1.097014 0.9829669 0.8984953

41025.4104830811.24999 1.097014 0.9829669 0.8984953

41025.4104836611.30000 1.092279 0.8969500 0.8234342

41025.4104842911.35398 1.092279 0.8969500 0.8234342

41025.4104848211.40001 1.112041 0.8966507 0.8084918

41025.4104854411.45391 1.154544 0.9338143 0.8109240

41025.4104859811.49999 1.134777 0.9461025 0.8359444

41025.4104866011.55394 1.130431 0.9706787 0.8609647

41025.4104871311.59999 1.173249 1.007543 0.8609647  
Table 8. Friction and force data for material P3. 

P4. Peri 

TheTime dT Quotient H_force V_force

41025.412542693.742986 0.7902794 3.035979 3.856292

41025.412543353.799953 0.7366183 2.936863 4.003257

41025.412543883.845994 0.9089591 3.502117 3.865645

41025.412544423.892907 0.9245294 3.170337 3.440299

41025.412545123.953026 1.018689 2.986015 2.939892

41025.412545583.992907 1.183589 3.072032 2.602117

41025.412546164.042908 0.9699822 2.334744 2.414465

41025.412546744.092911 1.030936 2.211863 2.151751

41025.412547324.142909 1.284802 2.261016 1.763935

41025.412547954.198039 1.605619 0.7618639 0.4753868

41025.412548474.242907 0.9852504 0.3317795 0.3377748  
Table 9. Friction and force data for material P4. 

P5. Forte 

TheTime dT Quotient H_force V_force

41025.4134970318.05501 0.8248830 0.5038133 0.6129988

41025.4134975518.10000 0.8420055 0.5038133 0.6004886

41025.4134982318.15900 0.9016546 0.5283895 0.5879784

41025.4134987118.19999 0.9415948 0.5283895 0.5629581

41025.4134993318.25401 0.9050667 0.5529658 0.6129988

41025.4135021818.49983 0.9563607 0.8110165 0.8506922

41025.4135160719.69998 1.036948 0.9830503 0.9507736

41025.4135168019.76304 0.9852504 0.9338977 0.9507736

41025.4135172219.79983 1.051619 0.9707621 0.9257533

41025.4135485122.50298 1.173213 0.8970334 0.8381820

41025.4135491722.56000 1.209232 0.8601690 0.8381820

41025.4135497522.60985 1.1930585 0.8355927 0.8131616  
Table 10. Friction and force data for material P5. 


