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Abstract
This project has been preformed as a master degree thesis in the engineering program
Ergonomic Design and Production at Luleå University of Technology (LTU). The project was
assigned by Volvo Car Corporation (VCC) in Gothenburg and carried out at Cross Design
AB. The purpose of the project was to investigate how storage in the front part of the Volvo
models S80, V70, XC70 and XC90 could be improved and optimised. The project should
result in one storage solution concept.
The procedure of the project was based on a combined methodology of the Sirius Masterplan
Design Process and Systematic Problem Solving. To find the existing needs in car storage a
survey was performed on a group of 20 car drivers who represented the target group of
potential buyers. To make sure to receive extensive information both questionnaires,
interviews and observations were carried out. In order to incorporate inspiration and an
overview of the range of products on the market the team carried out a benchmarking of most
of the leading car makes in Sweden. Related technologies were also studied to find new
angles of approach and to increase the number of ideas. An analysis of how the car will be
used in the future was performed as well as a general trend analysis of peoples life styles and
habits. In the surveys it was found that people are spending more and more time in their cars
and that it is becoming important to provide for other needs than the traditional. The studied
cars are often used for longer trips at work or on vacation. This creates a need for possibilities
for storing office equipment and to have easy access to beverage and food.
The idea generation was carried out through the methods of brainstorming, categorising and
and adjusted form of the Delphi method and resulted in a wide range of storing solutions. To
narrow down the project it was decided to focus only on the glove compartment, the area in
the middle of the dashboard, and on the area behind the centre stack. Several concepts were
put together for each of these areas on the basis of the previously developed ideas. It was
decided to proceed with the development of the glove compartment concepts. These were to
be applied on the coming XC90 which has the largest glove compartment volume of VCC’s
cars. The glove compartment concepts were compared to previously stated product demands
and wishes as well as to each other. The ones with the most innovative ideas and best scores
were extracted and supplemented with good ideas from other concepts. The selection
specially focused on flexibility, organisation and individualisation possibilities as well as
innovation. A combination of concepts ended up with a notch and a case concept, which both
could be supplemented with a so called sleigh for easier access. Since both concepts and
combinations lived up to the demands the final concept choice was based on calculated scores
as well as which was considered to be the most innovative. On these grounds the case
concept, called the Glove Compartment Case (GCC), was elected. The GCC consists of two
removable cases; one cooling unit and one organised unit. The concept fulfils the wishes of
flexibility, organisation and individuality since it allows the user to organise the glove
compartment after occasion and stored items.
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1 Glossary
AC

Air Conditioner

B-poles

The middle poles in the car

CAD

Computer Aided Design

CAE

Computer Aided Enginering

CAM

Computer Aided Manufacturing

CAID

Computer Aided Industrial Design

Centre stack

(See figure 2, page 4)

Dash board

(See figure 2, page 4)

DMK

Department of Computer-Aided Machine Construction

FMC

Ford Motor Company

GCC

Glove Compartment Case; The final concept.

Glove compartment

(See figure 2, page XXX)

HDPEX

High Density Polyethen with cross linked bonds.

LED

Light Emitting Diodes

LTU

Luleå University of Technology

Make

Car brand

PAG

Premier Automotive Group

PE

Polyethen

PELD

Low Density Polyethen

PEHD

High Density Polyethen

Platform

The floor of a car´s bodyshell

Premium car

More luxurious brand of car

S

VCC´s sedan cars; Sedan

Shore

Unit for material hardness

SKF

Svenska Kullagerfabriken

SLA

Stereo Lithography

SLS

Selecting Stereo Sintering

Split line

The line deviding the upper and lower part of the dashboard

V

VCC´s station-wagons; Versatility

VCC

Volvo Car Corporation

XC

VCC´s four-wheel-drive cars; Cross Country
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2. Introduction

2 Introduction
This project has been preformed as a master degree thesis in the engineering program Ergonomic
Design and Production at Luleå University of Technology (LTU), with the degree directions Industrial
design and Human-machine interaction. The project was assigned by Volvo Car Corporation
(VCC) in Gothenburg and carried out at Cross Design during the period of September 2007 to
February 2008.

2.1 Volvo Car Corporation
VCC is a global automobile producer with 2500 dealerships worldwide in 100 countries. In
their main markets they can still be considered a small manufacturer, with a market of 1-2%.
Sweden is an exception where roughly one in every five cars sold is a Volvo. The largest
markets are USA followed by Sweden. Volvo was founded in Gothenburg in 1927 when their
first car was launched. Up to then the name had been used in association with production of
ball bearings for SKF, and the name itself suggests it is a heritage from that time being Latin
and meaning ‘I roll’. The symbol, that with time has come to be known as Volvo’s logotype,
is the sign for iron. Swedish steel has always been known for its outstanding durability and
the idea was to be associated with and benefit from that. With time it has been modernised
and now also represents safety, quality and design. This is well in line with VCC’s vision and
mission; ‘To be the world's most desired and successful premium car brand’ and ‘We create
the safest most exciting car experience for modern families.’ Volvo Cars was a part of the
Swedish Volvo Group until 1999, when it was sold to The Ford Motor Company and placed
in its Premier Automotive Group (PAG) together with, among others, Jaguar. [Volvo Car
Corporation]

2.2 Cross Design
Cross Design is a consulting firm mainly focused on product development and product design
in the car industry. They work in close cooperation with, among others, VCC. The company
has 45 employees, with a few stationed at the main office at Lundbystrand in Gothenburg, and
the majority are accommodated at the assigners. The company was founded in 2002 as a
fusion of two firms working within the same field; HA Design AB, founded in 1975, and
TKR Sweden AB, founded in 1998. [Cross Design]
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2.3 The car models
Volvo wants to put a quality stamp on their new generations of S80, V70, XC70 and XC90,
and they are describing the cars as “Scandinavian luxury” (Figure 1). This is emphasized
partly by the elegant design and partly by small features that the cars can be equipped with,
such as a parking assist camera, a personal car communicator and a pocket-sized remote
control used for automatically unlocking the doors as you pull the door handle, just to
mention a few assessments. The target group mainly consists of people in the middle of their
life, with a good career, family and an active life style.

Figure 1. Volvo models S80, V70, XC70 and XC90.
Source: Volvo Car Corporation

The new models of S80, V70 and XC70 are built on the same platform and they are identical
from the B-poles and forward, apart from slight design features. The design of the dash board
is new, with a straight split line, but the centre stack is the slim-board recognised from earlier
Volvo models. Together with XC90 they are the largest cars in the Volvo family. Within
FMC (Ford Motor Company) they are considered to be premium vehicles along with Jaguar,
Land Rover, Lincoln and Mercury, which means that they features everything that Volvo has
to offer in safety, design, entertainment and comfort. But even so, there are some things that
need to be improved to measure up to the competitors. One of them is the storage in the front
part of the car. [Volvo Car Corporation]

2.4 Storage
In VCC’s design process the main focus is put on their core values; safety, quality and design.
Storage is not something that has been deeply considered, thus the car storage leaves plenty to
whish for. This has resulted in that other makes has got an unnecessary long lead in the
particular field. This is something VCC is aware of and wants to put a change to. Volvo cars
are sold all around the world, which means that the cars have to satisfy all the different kinds
of restrictions and legislations that come with such a broad market. Preferably the cars shall
only have to undergo very small changes, or rather no changes at all, to meet all the requests.
This is a major issue in the development of the cars. [Volvo Car Corporation]
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2.4.1 Initial information provided by VCC
By way of introduction VCC provided some initial information about storage in Volvo
cars. As seen in figure 2 there are several areas that can be used for different kinds of
storage.
Storage areas:
Door upper
Door lower
In front of Center stack
Tunnel side
Below seat

Storage areas:
IP-storage
Center stack
Glove compartment
Seat pocket (kangaroo)
Tunnel
Armrest

Figure 2. Different storage areas in a Volvo car, provided by VCC.

A list of items that should be able to be stored in a large car, according to VCC, can be
seen in figure 3.

Items to store/ use simultaneously in the front seat in a large car:
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Two full size cups
One ashtray
Two 0,5 l bottles
Two 0,33 l cans
One phone and one phone connected to a charger connected
to a 12 V outlet
One media player connected to a USB socket
One compact digital camera
10 CD's
One wallet
A handbag or a laptop computer
One pair of glasses
One set of keys
10 coins (quarters/enkronor)
One C4 size map/folder

Figure 3. List of items to store in a large car, provided by VCC.
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From safety viewpoint it is important to plan for
how the storage is going to be used. In other
words, to take into consideration that certain
storage areas are better suited to store some items
than others, and vice versa. For example, items
that the driver might need to have access to during
driving should be located in a storage area near the
steering wheel in such a way that the driver will
not have to take the eyes off the road too long.
The blue area in figure 4 shows how far it is
acceptable for the driver to reach, while driving, in
aspects of maintaining road safety.
Figure 4. Picture of how far it is acceptable
for the driver to reach while driving.
Source: After picture provided by the
department of ergonomics at VCC

2.5 Purpose and Aim
The purpose of this project was to improve and optimise the storage in the front part of the
specific Volvo models. The aim was to develop one concept which should be well anchored
to wishes and needs of the users and be consistent to VCC’s established profile. Furthermore,
the project provided the opportunity to practice the knowledge of product development gained
from the education at LTU and in this way prepare for future practice of the profession. The
work should be presented in both an oral presentation at LTU and Cross Design, as well as in
a technical report.

2.6 Assumptions and Constraints
The final concept should be designed for and functioning in the cockpit of Volvo’s new large
models; S80, V70, XC70 and XC90. VCC considered a field survey of twenty Swedish
drivers of Volvo large models, or corresponding models of other makes, should provide for
sufficient information. Questionnaires and interviews were only to be carried out with
Swedish drivers and the focus should be put on the storage in the front part of the car. The
safety is of major importance in the car development process, but is such a complicated and
extensive field to study that it was only to be briefly taken into consideration. A visualisation
of the product was to be made. The work should be preformed during a 20 week time period.
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3 Theory
The environment in a car is very complex and especially the surroundings of the driver have
special demands to consider. There are a lot of aspects and facts to take into account when
working with product development in this field. The relevant theory used in this project is
represented in this chapter.

3.1 Ergonomics
Human beings have since time immemorial
used tools and adjusted them to be convenient
Hearing
and efficient. However, it was not until 1857 the
Visual acuity
actual term ergonomics first was used by the
Polish scientist Wojciech Jastrzębowski. The
Degree of
word is based on the Greek ergon and nomos,
training
which mean work respectively principle or law.
[Internet 1] Ergonomics, also called human
Tactile
factors engineering in the United States of
sense
America, is an application of the studies of
human characteristics for the appropriate design
Diet
of objects, systems and environment. Visual
acuity, hearing, tactile sense, temperature,
humidity, diet and degree of training are factors
Temperature
Humidity
that effect performance and are therefore taken
into consideration in ergonomics. (Figure 5)
[Dreyfuss & Tilley, 2002] Initially ergonomics
had its primary systematic application in the Figure 5. Factors that effect performance.
military services. A lot of the common Source: After Dreyfuss & Tilley, 2002
knowledge and standards, which are used today
by engineers and industrial designers amongst others, are based on the research carried out by
the military. [McCormick & Sanders, 1982] The science of ergonomics is based on a number
of disciplines; psychology, cognitive science, physiology and biomechanics amongst others.
There are three main reasons for using ergonomics. First and foremost the use of ergonomics
can improve the human condition and quality of life in regard to health, safety, comfort,
outcome and enjoyment. Secondly it is a way of learning about the desires, capabilities and
limitations of the human being. Also, by using ergonomics advantages can be achieved, such
as reduced costs due to for example higher efficiency and less sick leaves. The success of the
applied ergonomics is first and foremost measured by improved quality of human life but also
by improved productivity, efficiency, safety and acceptance of the resultant system design.
[Kroemer, Kroemer & Kroemer-Elbert, 2001]
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3.1.1 Anthropometry
Anthropometry is “the study of the shape and size of the human body” [Dreyfuss & Tilley,
2002] and is based on the knowledge of anatomy, orthopaedics, physiology, medicine,
psychology and sociology. [Kroemer, Kroemer & Kroemer-Elbert, 2001] The different
measures of the variety of human body types can be studied in carefully executed tables.
Measures relevant to this project are red marked and shown in figure 6 below.

Figure 6. Anthropometric measures. The red marked are of special interest to this project.
Source: Dreyfuss & Tilley, 2002

It is often both difficult and costly to design for an entire population. Therefore the design
is often based on the commonly occurring measures in the middle of a normal curve,
whereas the extreme values at the lowest and highest percentiles are excluded. (Figure 7)
Usually the design accommodates about 90% of the population. [Dreyfuss & Tilley, 2002]

Figure 7. Anthropometric measurements of Swedish adult population.
Source: Pheasant (2005)
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3.1.2 Vision
Sight is the most developed and important of the five senses, almost three quarters of the
sensory cells in the body are placed in the eye. [Internet 2] It is also commonly found to
dominate over other modalities due to the phenomenon called visual dominance.
[Hollands & Wickens, 2000]. Visual information therefore plays an important role in
everyday life. The feedback can be mediated in a number of different ways, such as
motion, colours and light. [Leman & Lundqvist, 2006] The major sources of information
are the orientation of lines and the direction of movement, and are therefore special coded
in the brain. It is important to understand that vision is principally a function of processing
in the brain, and that the interpretation of the
image is more important than the actual image. [Internet 3] An important aspect of vision
ergonomics is the comfortable vision zone. The relaxing sight line is usually considered to
be about 15° below the horizon and the comfort zone for turning the head is 10° to 15°.
[Dreyfuss & Tilley, 2002] See figure 8 for important measures marked in red.

Figure 8. Max eye rotation and comfortable vision zone. The red marked are of special
interest to this project.
Source: Dreyfuss & Tilley, 2002

Colour and light reflection in
different surroundings are other
aspects important to consider in
vision ergonomics. The colour of an
object is settled by how much and
which part of the spectrum that is
reflected to the eye. Absolutely
white surfaces reflect all light beams
while absolutely black surfaces
absorb all light. Shape and structure Figure 9. Light reflection on diverse surfaces.
of a surface is decisive for how a Source: After Gundersen, Kjernsmo & Reinhardtsen,
colour is perceived. On a lustrous 1996)
surface the light is reflected without being broken and therefore all of it reaches the eye.
(Figure 9) On an uneven surface only some of the light reaches the eye. [Gundersen,
Kjernsmo & Reinhardtsen, 1996]
-8-

A specific colour is perceived differently due
to the environment and to surrounding
colours. An aspect of this is the influence of
contrast. The most extensive and also most
important contrast type is the light/darkcontrast which makes it easier to distinguish
objects. Another type of contrast is the surface
contrast which means that one specific colour
looks different depending on which other
colour it is seen with. A light grey colour
seems for example darker against a white
background compared to the same colour on a
black background. (Figure 10) One more
phenomenon is that a dark surface on a bright
background seems smaller than a bright
surface on a dark background. (Figure 11)
As a result of the so called boundary contrast,
the contrast between two different tints seems
to be higher if the coloured fields are
separated rather than being right up against
each other. [Gundersen, Kjernsmo &
Reinhardtsen, 1996] See figure 12.

Figure 12. An example of the boundary contrast.
Source:(Gundersen, Kjernsmo & Reinhardtsen, 1996)
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Figure 10. A grey square seems to have
different colour depending on
background.

Figure 11. The white square seems
larger than the black square.

3. Theory

3.1.3 Hearing
Hearing is the second dominating sense. [Rydström, 2007] Sound has always been a
natural way of communication and therefore suits well as for example feedback in many
situations. [Internet 4] Sounds in varying strength are constantly present in the
surroundings, some are whished for and puts across information, meanwhile others just
give rise to irritation in one way or another. All sounds in the latter category are called
noise. These can be not only disturbing but can also cause severe damage to the auditory
organs, both temporary and permanent. Noise can be the cause of hearing impairments,
tinnitus, oversensitivity or distortion and the sensitivity to noise varies between
individuals. [Internet 5] Noise causes both physical and psychological effects. The
physical effects can show by hearing impairments, as mentioned, but also as voice
problems as a result of often having to raise the voice to be heard over a loud background
noise. Also stress symptoms such as increased hart frequency and raised blood pressure
are common. The psychological effects consist of drowsiness, particularly from monotone
low frequent sounds, and irritation. The physical and psychological effects can lead to a
reduced performance and loss of attention which in its turn can lead to accidents. Another
serious inconvenience from noise is that it can mask other sounds, for example speech and
important signals and in that way increase the risk of accidents. Furthermore, noise can
aggravate conversation and when complex tasks are performed or when constant
concentration is demanded people are more sensitive to it. Sounds that varies in level and
character and can not be controlled or predicted is often experienced as more disturbing
and tiresome. People in general have more patience with noise directly related to the task
they are performing. [Internet 6]

3.1.4 Haptic
The information from touching something or someone can be perceived through tactile
perception, by “passive touch”, and haptic perception, by “active touch”. [Internet 7] The
information from the touch is applied to the user by forces, vibrations and motions which
together form a homogeneous impression of the object. [Leman & Lundqvist, 2006]. In
the late 1960's Dr. A. Michael Noll constructed some of the first haptic devices after his
discovery of the benefits of haptic feedback over visual feedback. [Internet 8] Since that
time the number of fields of use for haptic applications has escalated. Today it is common
in medicine, robotics, CAD-systems, air traffic and other fields where it is important to
reduce the number of mistakes or where it is of benefit to be able to feel the product. With
the haptic sense can for example weight, shape, texture, dimensions, force and movement
be discerned. However, haptic feedback still has its disadvantages compared to visual
feedback. The ability to discern details is a lot poorer and the time it takes to receive the
information is longer and more local. [Internet 9]

3.2 Feedback
Feedback is the technical term for receiving information about the behaviour of a product in a
human-machine interaction situation [Internet 10] This information can be mediated through
the five senses; sight, hearing, touch, smell and taste. Visual and auditory feedback, and more
and more also haptic feedback, are most common and can be used separately or as
complements to each other. Different kinds of feedback can in advantage be used
simultaneously, all though, it is important that the information is redundant rather than
contradictory to avoid a conflict of responses. [Internet 9] It is important to get a relevant
feedback response from the product to establish that a task has been performed as intended. It
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is also important that the response is delivered in time to avoid confusion. [Hollands &
Wickens, 2000] For an overview of the information processing se figure 13.

Figure 13. Information processing.
Source: Hollands & Wickens, 2000

3.3 Material
3.3.1 Neoprene
Neoprene, or Chloroprene which is its formal name, is a large family of synthetic rubbers.
The trademark Neoprene belongs to the American company DuPont Dow Elastomers
LLC. It has a variety of qualities that makes it useful. Because of its versatility it has
become a popular material in numerous products in daily life in as diverse fields as hoses,
wet suits, protective gear and home accessories, just to mention a few. [Internet 11] The
material is temperature isolating, waterproof and somewhat stretchable, and has excellent
resistance to compression set which is good for reducing vibrations. It is also resistant to
chemicals and oils, sunlight and ageing. Neoprene keeps its functions in a temperature
range from -40°C up to +110°C, and intermittent to +120°C. On the other hand it is
somewhat easy to tear if it has been previously damaged by a sharp object. [Internet 12]
Neoprene comes in many variants with different amounts of air injected, which changes
the character of the material. The thicknesses can vary from half a millimetre up to seven
millimetres. As Neoprene has become more and more popular it can now be found with a
great variation of shore and coated with fabric in any number of colours. [Internet 11]
Example of a product made in Neoprene can be seen in figure 14.

3.3.2 Silicone
Silicone is a versatile family of semi organic synthetics that is rubber like in their
appearance, but yet with a different type of structure from other rubbers which provides a
remarkably small change in dynamic characteristics over a wide temperature range.
[Internet 13] It has a serviceable temperature range from -55°C to +204°C, intermittent to
+232°C, but can still work satisfying in even more extreme temperatures. [Internet 12]
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Silicones are extremely durable and have good resistance to chemical deterioration, oils,
oxygen and ozone. Furthermore it has outstanding fatigue and flex-resistance and do not
require high tensile strength to serve in dynamic applications. The chemical inertness of
Silicone makes it well suited for surgical and food-processing equipment. Silicone is also
heavily used as structural adhesives and seals. [Internet 13] Example of a product made in
Silicone can be seen in figure 14.

3.3.3 Polyethen
Polyethen (PE) is a commonly used thermoplastic. Some of its advantages are the good
tenacity to bashes and the low price. There are a number of different polyethen, whence
two of the main types are PELD (LD = Low Density) and PEHD (HD = High Density).
PELD is the most common and cheapest of the two, whereas PEHD is more expensive
and has substantionally better mechanical qualities. A type of PEHD with cross-linked
bonds is HDPEX. HDPEX has a good tenacity in low temperatures. It can be used in
down to -100°C and maintains its form even in drastic temperature changes. [Internet 14]
Example of a product made in Polyethen can be seen in figure 14.

Figur 14. Left: Wetsuit in Neoprene. Centre: Baking tin in Silicone. Right: Flexible cutting board
in Polyethene.
Source: Big Boy Sports, Armorica, Choiceful
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3.4 Lighting
3.4.1 Light Emitting Diodes
Light emitting diodes (LED) (Figure 15) are semi-conductive diodes which emit
monochromatic light when they are exposed to electric current. [Internet 15] Advantages
of LED compared to other types of light sources are many. The firing time for LED is
about 100 000 hours, which is about ten times longer than a low-energy bulb and a
hundred times longer than a common light bulb. In addition, it has a lower absorption of
energy and emission of heat than other types of light sources and the dimensions are
smaller. Since it does not contain any quicksilver or lead it can also be considered to be
environmentally friendly. [Internet 16]

3.4.2 Fibre Optic Lighting
Fibre optic lighting (Figure 16) is a technique that operates by transporting light rather
than electricity. This means that there is no heat at the point of illumination and risk of fire
is therefore decreased. The energy consumption is significantly low compared to other
light sources and the low radiation of heat reduces the need for cooling systems. [Internet
17] The technique allows the illuminator and the powering electricity to be placed at
different locations, which makes it suitable for case lighting amongst others. [Internet 18]

Figure 15. LED spot

Figure 16. Fibre optic lighting

Source: Initial Lights

Source: Starceiling

3.5 Product Development
A product can, according to Monö [1997], be described as a trinity of three wholes; the
technical, the ergonomic and the communicative. The technical whole stands for the technical
function, construction and production. The ergonomic whole comprises all of the aspects
which concern adjustments of the design to the human physique and behaviour, whereas the
communicative whole includes the adjustments designed to fit human perception and intellect.
The trinity is within limits of an economic and an ecological circumference which stands for
the requirement set in the product development project. See figure 17.
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3.6 The Meta Product

Figure 17. The product trinity within the
limits of an economic/ecological
circumference according to Monö [1997].

Many products of today are not only designed to
fulfil physical needs, but also to exude certain
emotions. These emotions can be communicated
by for example sounds and material
characteristics and are individually interpreted
by the user due to prejudices, status, nostalgia
and group affiliation amongst others. The ideas
and interpretations about a physical product are
called the meta-product. Monö [1997] describes
the meta-product as “all interpretations and
ideas ‘behind’ a physical product which can
affect or replace the perception of the product’s
technical and practical functions”. Monö [1997]
also means that customers are willing to spend
more money if the meta-product fulfils their
coveted identity. It is therefore a very interesting
phenomenon in product development.
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4 Method
To achieve a successful result it is important to choose methods with respect to the
characteristics of the specific project. Methods used in this project, for both objective as well
as subjective development and evaluation of ideas and concepts, are presented in this
chapter.

4.1 Product Development Methods
In a product development process it is advantageous to follow an organised problem solving
method to assure that no important information, ideas or thoughts are forgotten along the way.
An organised process facilitates the planning and documentation of the project as well as the
coordination of the team members. [Hamrin & Nyberg, 1993]

4.1.1 Systematic Problem Solving
The Systematic Problem Solving (Appendix 1) method can be described as a structured
process of translating subjectively expressed statements into objective data. The
statements are collected, analysed and interpreted according to certain instructions and the
result can be used as a base for the forthcoming work. The process is divided into five
phases; planning, concept generation, system design, detail design and finally tests and
refining of the product (Figure 18). Which of the steps to be used in the different phases
are preferably adjusted to the specific project. However, it is necessary to keep both
reasoning and evaluation in mind in every step. [Ulrich & Eppinger, 2004]

Systematic Problem Solving

Planning

Concept
generation

System
design

Detail
design

Tests and
refining

Figur 18. A diagrammatic overview of Systematic Problem Solving
Source: After Ulrich & Eppinger, 2004

4.1.2 Sirius Masterplan Design Process
Sirius Masterplan Design Process (Appendix 2) is a methodology for product
development created by the department of Computer Aided Machine Construction (DMK)
at Luleå University of Technology. It is based on a method developed by the American
based design firm IDEO, which aims to simultaneously examine user desirability,
technical feasibility, and business viability (Figure 19).
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Buisness
viability

User
diriability

Insights and
opportunities

Technical
feasability

Implementation

Figur 19. A diagrammatic overview of the IDEO desing process.
Source: After IDEO design process

This is done in four phases in order to secure a well considered design and construction
(Figure 20). How every phase is used and how much time and weight are put into each
one varies with the character of every project in order to best match its unique profile
[Internet 19]
Observations:

Always the starting point to gain understanding and
knowledge of the problem.

Brainstorming:

Generating as many ideas as possible in order to get at
least one good idea.

Prototyping:

Visualizing the solutions and working with problem
solving in three dimensions.

Implementation:

Detail design and engineering to the final form and
preparing the launch.

Figur 20. The four phases to secure a well considered design and construction.
Source : [Internet 19]

4.2 Mission Statement
A mission statement is a brief statement, or conclusion of the purpose of a project with the
intention to keep the team members coordinated. It should always be clear and in a concise
way specify exactly for what reason the project is performed. The statement can range from a
very simple to a very complex set of ideas. It is often sufficient to address six points; brief
description of the product, key business goals, target markets for the product, assumptions and
constraints that guide the development effort, and stakeholders.
[Ulrich & Eppinger, 2004]
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4.3 Needfinding
One of the first crucial steps in a product development process is to identify what the
proposed target group expects and wish from the product that is about to be developed.
Primary there are four methods to do this; interviews, questionnaires, observations and
existing documentation. The choice of method is based on several factors, but first and
foremost on what kind of information that is to be gained. [Kylén, 2004] Often the most
effective way to incorporate information is to talk to the target group, conducting interviews,
but a well set up questionnaire can also provide sufficient information. Furthermore
observations of the person using the product, or similar products, in the appropriate
environment can be helpful. This is a very good way to find out what important needs
customers might have, but can not express in words. With this method it is even possible to
find some unfulfilled needs the customer did not be aware of. Finally, it is always an
advantage if there is some existing documentation that can be studied in order to make sure
that no unnecessary work is done. All methods have their benefits and flaws. [Dahmström,
2000]

4.3.1 Interviews
The interview method is preferable if the questions are many or complicated. Ambiguous
questions or answers can be explained at once and open questions can more easily be
answered. On the other hand interviews tend to take longer time than questionnaires, and
convey a certain risk of an interview effect or prestige bias that can reduce the reliability
of the survey. [Dahmström, 2000] Interview effect means that different interviewers can
receive different answers from the same respondent. This is a result of the behaviour of
the interviewer and in which way the questions are asked. [Bergman & Wärneryd, 1982]
Prestige bias on the other hand is a result of that the respondents want give the “right”
answers and prove that they have “acceptable opinions”. [Internet 20]

4.3.2 Questionnaires
By using questionnaires the risk of the interview effect is avoided and it can be sent to a
larger amount of people. Though, on the other hand the control over who is actually
answering the questions is lost, it can take quite a long time to receive the answers and the
respondents have nobody to ask in case of indistinctness. [Dahmström, 2000]

4.3.3 Design of interviews and questionnaires
Regardless of choice of method the first important step is always to establish what the aim
of the survey is, who is going to be asked and how. This is of major importance since well
constructed questions are decisive to the result, and in direct proportion to whether the
survey can provide quality answers to the original question at issue. [Dahmström, 2000]
Good quality refers to that the result has a high probability of reflecting the circumstances
that are to be illuminated and, for doing this; an appropriate method has been used in a
correct way. [Bergman & Wärneryd, 1982]
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When formulating the questions it is crucial to ponder on why each question should be
asked and to be accurate on what new knowledge is expected to be gained from each one
of them. One of the most fundamental things is that the respondent has to want to answer
the questions and have an interest in the subject. [Dahmström, 2000] This is the reason
why a correct selection of target group is of major importance. [Bergman & Wärneryd,
1982]
The questions should be as neutral as possible in order to not be leading. To avoid
misunderstandings only one thing at the time should be asked. The alternative answers
should mutually exclude each other and not be too many or too few, approximately seven
alternatives are often adequate. A good thing is to always keep one of the alternative
answers open or as a “don’t know”-alternative. Emotionally charged words or
formulations should be avoided and that applies to hypothetical questions as well, where it
sometimes can be hard for the respondent to familiarize with what he or she would do in
such a situation. The intention is that all proposed respondents should understand the
questions. Therefore a good rule of thumb is not to make the questions too long,
preferably without subordinated clauses, and always use a correct, simple and easy to
understand language. It is easier for the respondent to interpret and answer questions if
they are specified in time and not negations. Last but not least, it is important to limit the
number of questions. A questionnaire should have no more than 30-50 questions, divided
in to approximately eight pages and an interview should not go on for more than 30-60
min. [Bergman & Wärneryd, 1982] The interview or the questionnaire should start with
the most unconventional and broad questions and as it goes along narrow down to the
more specific ones, according to the so called funnel technique. A small test surface is
profitable in order to guarantee that the questionnaire or the interview will serve its
purpose. [Dahmström, 2000]

4.3.4 Observations
Observations are one of the most fundamental methods of gathering information. [Kylén
2004] It allows the observer to get close to the reality and to examine body language,
gestures and expressions. It can also be very useful when a behavioural pattern is to be
compared to a desirable one. Though, the method is limited with the respect to that the
information the observation provides only can be addressed to the case in point, and says
nothing of why or how the behaviour has arose. Furthermore, only the visual attributes
can be observed. It does not say anything about the observed person’s thoughts or
emotions. [Kylén 2004] The method can be used in both a structured and an unstructured
way. In a structured observation the observer knows what kind of information to look for,
unlike an unstructured where everything is observed. According to Jan-Axel Kylén [2004]
the latter has proved to provide a more balanced picture of the situation and also give a
chance to observe unexpected, but interesting, occurrences.

4.4 Benchmarking and Related Technology
In many industries it takes years to get a product in development into production. To assure
that the product will be successful at the launching as well as in the future it is important to
analyse and appreciate coming trends and what the market heads toward.
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4.4.1 Benchmarking
Benchmarking, or market analysis, is a way of learning from what others already have
done. It is a useful method for determining what the standards are on the market today. It
is always important to know where the competitors stand, who are the best and why, and
in this way get a gauge to compare against. The standard and variation range of the
products already on the market can give a first proposal of what is crucial to consider in
the creation of the new concept in order to make sure that it is competitive and nothing is
missed out. The investigations can be performed by visiting other manufactures, looking
at their production or simply visit their web pages to gather information. In this way
knowledge about what can be achieved is gained, and perhaps more important, how the
same type of results can be achieved. [Ulrich & Eppinger, 2004]

4.4.2 Related technology
To get inspiration and broaden the perspective it is useful to do some research in related
technology. By looking at adjacent products new angles of approach can be found.
Perhaps ideas of how different techniques can be combined can arise and be advantageous
to the own product development process. [Ulrich & Eppinger, 2004]

4.4 Establishing the Assignment
On basis of the gathered information from the needfinding an establishment of the assignment
can be conducted. This is to establish and explain what the final concept should contain and
live up to.

4.4.1 Problem Clarification
To be able to establish the content and focus of the forthcoming work an analysis of the
gathered information is first and foremost carried out. The results of the interviews,
questionnaires and observations are interpreted and translated into an identification of the
customer needs. The importance of the stated and observed needs is mainly based on the
quantity of similar wishes and on the conclusions from the market analyses. The results
from the information analyses are used as the ground work for a so called problem
clarification. This makes it is possible to get sufficient understanding for the assignment.
[Hamrin & Nyberg, 1993]

4.4.2 Objectives Tree and Weight Tables
In a product development process it is important to clarify the, sometimes vague, initial
statements to precise design objectives. This can, with great advantage, be done with help
of the objectives tree method (Figure 21). An objectives tree is a hierarchic flowchart of
objectives that shows hierarchical relationships and interconnections. Once the problem
analysis is completed it can be created and ways to address the problems can be found.
An objectives tree is created by gathering all the needs and problems, inverting them into
objectives and arranging them into sets of groups of higher and lower-levels. When the
objectives tree has been completed the objectives are put into so called weight tables
where each objective is weighed against all the others, within the same group and level, to
establish their relative importance. The scores from the weight table are then implemented
in the objectives tree to get an overview of what to prioritize. [Ulrich & Eppinger, 2004]
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Level 2, Aa
Sub objective A
Level 1

Level 2, Ab
Level 2, Ac

Objective

Sub objective B
Level 1

Level 2, Ba
Level 2, Bb
Level 2, Ca

Sub objective C
Level 1

Level 2, Cb
Level 2, Cc

Figure 21. Structure of an objectives tree.

Level 2, Cd

4.4.3 Product specification
The primary purpose of a product specification is to establish a precise description of
demands and qualities a product has to meet. This is to assure that the final product will
satisfy the customers’ needs and become a competitive alterative on the market. The
demands can be of both technical natures as well as of a more subjective character. They
can be described by the customer or the project team based on results from the problem
clarification, objectives tree and weight tables. Often the stated demands are
complemented by requirements from legislation and target group. [Ulrich & Eppinger,
2004]

4.5 Idea and Concept Generation
In order to make sure that the quality and function of the product meets the expectations there
are several reliable innovative methodologies for problem solving and idea generation. Once a
number of ideas has been produced a continuous work of weeding out and refining is taking
its start that later on ends in a number of concepts. [Ulrich & Eppinger, 2004] Below the most
profitable methods in this project has been presented.

4.5.1 Brainstorming
Brainstorming is a method for generating new ideas about a concept or topic trough free
association. The focus is put on quantity, not quality, and therefore it is important to let go
of all judging, analyzing, common sense, rules and practicality to just let the imagination
flow. The goal is to be as creative as possible and think “outside the box” to find new
innovative ideas. A session often ends up with a long list of thoughts of which most are
discarded later, but a few tends to be much better than what would have been without a
brainstorming. A brainstorming session can be done individually, but is most commonly
performed in a group of 5-15 persons with a leader. The participants come up with ideas,
either verbal, written or as sketches, and continue to build on other’s ideas to create new
ones. [Hamrin & Nyberg, 1993]

4.5.2 Categorising
The ideas emerged from previously performed idea generation methods can be organised
in suitable categories. The ideas are classified into different groups of problems and
solutions to be easier to evaluate, compare and combine. The organisation of the ideas
also assures that none of the ideas are lost or forgotten along the way. [Hamrin & Nyberg,
1993]
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4.5.3 The Delphi method
The Delphi method is a systematic interactive method for obtaining forecasts from a panel
of independent experts. The objective of the method is the reliable and creative
exploration of ideas or the production of suitable information for decision making. In its
original version a group of experts separately answers questionnaires in two or more
rounds. After each round the panel is provided with the anonymous compilation of the
answers and gets the chance to adjust their appraisals. The updated version of the
compilation is then sent out again and the procedure is repeated a number of times with
the hopes of that the panel shall approach a common standpoint or that a clear picture of
the ground for different appraisals shall appear. The basic idea of the method is to prevent
that the ideas supplied by a person with a large authority should have an unjustified
influence on other’s opinions. Through the anonymity the impartial arguments for a
standpoint can be allotted a higher significance. [Internet 21]

4.6 Idea Evaluation and Concept Choice
In order to make a final concept selection it is important to narrow down the number of ideas.
To make sure the right ideas are weeded out and only the best are left it is important to give
each of them an equitable evaluation. Objective and exhaustive methods for this are stated
below.

4.6.1 Application of Weight Tables and Objectives Tree
The assembled concepts are marked after how well they are expected to satisfy each and
every one of the statements in the objectives tree. The marks are counted up with the
weights of the statements and then summarised. The scores of the different concepts can
then be compared to each other and, most important, to the demands of the product. By
studying the highest weighted statements it can then be clear which of the concepts which
do not fulfil the fundamental conditions and therefore can be eliminated from the rest of
the process. [Ulrich & Eppinger, 2004]

4.6.2 The Six Thinking Hats
The six thinking hats is a method developed by the psychologist Edward de Bono, in
purpose of making a decision-making process more efficient and to encourage creativity
(Figure 22). The technique is useful when objectively investigating different points of
view towards a complex situation and deliberately trying to explore a variety of
perspectives that can be very diverse from what naturally would have been assumed. The
method can be used individually or in a group by focusing on a problem from six different
perspectives, each represented by a hat. Each hat is coded by a colour that is
mnemonically descriptive of the perspective that is adopted when “wearing” the particular
hat. Either the whole group “wears” the same hat, or the hats rotate in the group. The
purpose is to create a discussion around a certain concept or idea and to make sure that
every imaginable perspective is applied. [Internet 22]
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White Hat thinking
• What do we already
know?
• What information do we need?

Red Hat thinking
• What do I think of this?
• What do I feel about this?

This way of thinking is neutral and
objective. It covers facts, figures information
needs and gaps. It is all through practical and
gives no room for speculations or arguments.

The red hat represents the emotional aspect.
It covers intuition, feelings and hunches. The
thinker can put forward what ever is on his
or her mind and do not need to justify or
back up anything.

Black Hat thinking
• What is the problem?
• Is there any hindrance?

Yellow Hat thinking
• What are the benefits?
• What are the positive aspects?

This is the hat of judgment and caution. The
black hat thinking is critical reviewing and
logical negative in the sense that it tries to
find potential problems and errors in the
logic.

This is the logical positive hat. It represents
optimism and possibilities. The yellow hat
thinking deals with a spectrum from
practical and logical to visions and hope.

Green Hat thinking
• What ideas exist?
• How can we change?

Blue Hat thinking
• What is our conclusion?
• How did we think?

The green hat represents creativity,
alternatives, proposals and changes. This
way of thinking strives to move forward and
find new ideas and it does not judge.

The blue hat is controlling the process of
how the other hats are used and has an
overview. It represents “thinking about the
thinking”, or in technical terms, the blue hat
is concerned with meta-cognition.

Figure 22. De Bonos six thinking hats.
Source: After [Internet 22]
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4.7 Visualisation
4.7.1 CATIA V5
CATIA V5 is one of the leading product development solutions for manufacturing that
addresses the complete product development process from initial specification to product-inservice [Internet 23]. The five letters stands for Computer Aided Three dimensional
Interactive Application. It is a multi-platform commercial program package for CAD, CAM
and CAE, which in their turn means Computer Aided Design, Manufacturing and
Engineering. Originally the program was developed by Dassault Systems in the early 1980s
and intended as a tool in the development process of Daussault's Mirage fighter jet. However,
it soon became popular and was subsequently spread to several well known companies in the
aircraft and car industry world wide. [Internet 24] Due to the fact that the program facilitates
reuse of product design knowledge which shortens development cycles CATIA is today used
to design anything from cars and airplanes to jewellery and clothing. [Internet 25]

4.7.2 Autodesk AliasStudio
Autodesk® AliasStudio™, former Alias® StudioTools, is a software series of 3D-CAID
(Three-Dimensional Computer Aided Industrial Design) programs used for building freeform
surface models. In difference to regular CAD programs the primary purpose of a CAID
program is to generate photo realistic visual renderings and animations. The models in
Autodesk® AliasStudio™ are built from curves and surfaces and the program also includes
high performance tools to define texture, material and light, which makes it possible to create
renderings with high resolution. Because of the freedom and possibilities the program
provides in design and visualisation it has become industrial standard within the automotive
industry. The program can also exchange data with CAD packages. [Internet 26]

4.7.3 Rapid Prototyping
To quickly fabricate scale models of physical products the techniques of rapid prototyping
can be utilised. The automatic construction method is based on three-dimensional CAD data
and visualisation or testing models can quickly be created. Rapid prototyping is mainly not
suitable for the final product due to the inadequate accuracy and the low abrasion resistant of
the most commonly used materials. [Internet 27] The principle of the technique is to add thin
layers of material by admixing drops of a bonding agent to a coating of powder. [Internet 28]
Two common types of rapid prototyping are SLA (stereo lithography) and SLS (selecting
stereo sintering). SLA is best suited for visual models in need of accurate surfaces whereas
SLS has a higher abrasion resistance and therefore is more suitable when function is of
greater priority. [Internet 29]
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5 Implementation
By way of introduction a project time plan (Appendix 3) was set up based on a combined
methodology of the Sirius Masterplan Design Process and Systematic Problem Solving,
modified to best suit the character of this specific project. The main phases were based on the
Sirius Masterplan, meanwhile the specific methods mainly came from the Systematic Problem
Solving process. Along the way the plan has been updated when required. The main focus
has been put on needfinding and concept generation.

5.1 Mission Statement
To clarify the purpose and aim of the project a Mission Statement was established. It was also
helpful in order to clarify who the stakeholders where and to identify the markets. A product
description and key business goals can be seen in figure 23. For the whole Mission Statement,
see appendix 4.

Product description

A proposition for a reorganisation of the storage
spaces in the front part of the VCC models.

Key business goals

The goal with the project is to optimize the storages
in the front of Volvo Cars to give continuous added
value for the customers and there by make them
long lasting.

Figure 23. Extract from the Mission Statement

5.2 Needfinding
To find the existing needs in car storage an investigation was performed. A group of 20
potential buyers of the specific Volvo models were selected to represent the target group. The
investigation focused on the storage in the front of the car, but also considered general wishes.
To make sure to receive extensive information both questionnaires, interviews and
observations were carried out.

5.2.1 Questionnaires and Interviews
A questionnaire regarding usage of storage in the front part of the car was created and sent
out to fifteen drivers within the target group. (Appendix 5) The aim was to find out how
people use the storage areas in their cars. The questions dealt with where things are put,
what kind of storage solutions works well and don’t, what things are brought in to the car
and how they are used there. When the questionnaires were collected and compiled it
became clear that the most common object to bring in to the car was the cell phone. It was
also graded the most important thing to have easy access to at all times. Almost everybody
said that their car was lacking a good place to put the cell phone. The second most
important thing to have easy access to while driving was the sunglasses and, just like in
the case with the cell phones, a lot of people said that they requested a good place to store
them in. Furthermore most people said that the most commonly used storage area was the
front passenger seat. It was used for storing everything from briefcases and shopping bags
to small obstacles such as cell phones and wallets. However, most people also stated that
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it was not a good storage solution in general because the things had a tendency to fall over
or down on the floor and get out of reach. Another thing that became clear during the
investigation was how the needs of storage varied with the usage of the car. The needs of
storage in everyday driving differed a lot from those of long distance driving. Also many
people expressed that even though there might be quite a lot of storage areas in their cars
they felt that it was difficult to organize their storage.
With the questionnaire as a ground five interviews were conducted. These answers
generated more or less the same information as the sent out questionnaires, but in addition
it was also possible to have a more general discussion about car storage and needs, which
gave a lot of input. A compilation of the answers from the questionnaires and interviews
can bee seen in appendix 6.

5.2.2 Observations
To gain further knowledge of how people behave while using their cars a few
observations were carried out. The hope was to get an overview of how the storage areas
are used and maybe uncover some unidentified needs. Unfortunately these observations
did not generate as much as hoped since it was difficult to observe the persons long
enough to find those complicated situations that can occur. Generally people brought a
bag or a jack in to the car and did only take out the cell phone and sometimes use it during
the short drives that every day routines consists of. However, many said that they had
completely other needs when they took the car for a long drive, for example a vacation. It
became more obvious that the storage is used differently whether it is everyday use ore
long distance driving and it was really the latter that should be observed. This was a
problem since it was not possible to attend one these kinds of longer trips. The solution
was to create a scenario of what it could look like when people left for a long drive and
see how they choose to divide their cabin baggage in the existing storage. (Appendix 7).
This did not work as planned either. People found it difficult to place themselves in the
situation and tended to just leave the things in the bag placed on the floor in front of the
passenger seat.

5.2.3 Problem clarification
The information from the needfinding and the studies of the market were both evaluated
and considered in the problem clarification. This worked as a way to get an overview of
the extensive amount of information. See appendix 8.

5.3 Benchmarking
All car makes on the market today has their own design solutions of storage. These can vary a
great deal between the producers in aspects of quality, lavishness and function. In order to
incorporate inspiration as well as a satisfying overview of the range of products on the market
and the width of variations, the team paid visits to several car retailers in Gothenburg. These
field trips covered most of the leading makes of cars in Sweden. The team carefully went
through all storage solutions that were found, with special focus on the front part storage of
models corresponding to the Volvo car models of interest. All that could be of interest to the
project were documented with a digital camera and note book. (Appendix 9). To gain further
knowledge and cover makes of cars and solutions that could not be found at car retailers in
Sweden the Internet was fine-combed. As a last step in the benchmarking the team scheduled
a meeting with the department of interior and climate at VCC. They provided the latest
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information and statistics on what the car market had to provide in aspects of storage and
interior. They could supply information about how customers, world wide, had graded
different kinds of storage solutions. The documentation was later on reviewed and discussed
by the team with respect to construction, function and design. It was found that most of the
studied storages were neither organised nor adjusted to specific products.

5.4 Related Technology
In an attempt to find new angles of approach and to increase the number of outcoming
solutions, related technologies were studied. The expectation was to find useful ideas in other
markets where storage are a big issue, which by some modifications could contribute to the
project. Among others, the caravan industry was studied through both the internet and by
visiting caravan retailers. Since they are closely related to the car industry the hopes were that
they would be dealing with fairly the same storage problems, and maybe they would have
come up with solutions that not yet had reached the car industry. However, this seemed not to
be the case. The solutions found were relatively similar to the ones found in any regular
cupboards. The attention was then turned to retailers of suitcases and bags. In these the
storage has to be divided into separate spaces for large and small objects and the hope was to
incorporate some of those ideas. Also refrigerators, closets and kitchen cupboards were
studied. The system of pulling out baskets and shelves was very appealing. Finally, IKEA
served as a big source of inspiration. In their department stores many different storage
solutions can be found and especially their bathroom and kitchen storage solutions were
appealing to the project. For an extract of the studied products, see appendix 10.

5.5 Trend Analysis
Since cars increasingly are used as more than simple means of transportation it is becoming
more and more important to provide for other needs. Today it is common that people travel in
their work and therefore need the car to be equipped as a movable office. When spending a lot
of time in the car there is also a need for easily being able to drink and eat. Many of VCC’s
competitors have started to adjust the storage areas for these purposes, for example spectacle
holders and different kinds of better opening solutions of compartments. Volvo now needs to
live up to and exceed them to be able to successfully continue competing. In magazines and
on television amongst other medias it can be seen that interior design is becoming
increasingly popular. It is also becoming more and more popular to be able to adjust products
and environments to individual taste and habits instead of obtaining a complete package.
Furniture can for example be individualised and structured by different modules and mobile
telephones can be adjusted to its owner by different sounds and appearances. The keywords
for future design can be said to be organisation, flexibility and individuality. Parts of the trend
analysis can be seen in appendix 10.

5.6 Idea generation
To get as wide range of ideas as possible the idea generation was carried out through several
types of methods. The most appropriate in this project was considered to be the methods of
Brainstorming and Categorising as well as an adjusted form of the Delphi method.
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5.6.1 Brainstorming
Small brainstorm sessions within the project team have been held continuously throughout
the project in order to stay alert and dynamic. Primarily two big sessions has however
been conducted. The first session’s participants were three Volvo drivers, driving each
one of the cars in question. None of them had any experience of the car industry, apart
from their own cars, and were therefore a quite good reflection of the target market. The
second session was held with eight experts and professionals within the car industry. They
could contribute with both experiences from own cars, but also with professional point of
views and ideas. The outcome of both sessions showed to be very beneficial to the project.
The structure of both sessions was similar and begun with few small creativity exercises
to warm up the brain a bit and to get the ideas flowing. It was followed by extensive
brainstorming about how storage in the car could be improved, in general and later more
specific in the front part of the car. No restrictions or restrains were spelled out so that the
participants could, without inhabitations, feel free to come up with wild ideas as well as
ones more thought throw. All ideas were either written down or sketched on A3 papers by
the participants and were continuously discussed and developed in an open minded way.
The brainstorming sessions generated many good ideas to work with further and a few
ideas of improvement recurred in both sessions. Many ideas backed up the previous
needfinding.

5.6.2 Categorising
Trying to address the problem from all angles of approach all conceivable categories of
ideas generated in the brainstorming session were further developed. These more or less
realistic ideas were then considered and documented. The documentation of the
categorised ideas laid a foundation for making it possible to come up with unconventional
solutions by comparing and combining the ideas. Different cell phone storage solutions
can be seen in figure 24.

Figure 24. Cell phone storage solutions.
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5.6.3 The Delphi method
The team decided to adjust the method a bit to better fit the task and the given conditions.
In a meeting a topic was laid down and the members separately came up with standpoints
and generated ideas until the next meeting. These ideas were then presented and discussed
in a meeting with the assigners. The procedure was repeated a few times until a sufficient
number of concepts were generated. These concepts were then discussed within the group
and their advantages and disadvantages were evaluated.

5.6.4 Generated ideas
An extensive amount of different ideas were generated in the processes described earlier.
An extract of these ideas can be seen in figure 25 below.

Figure 25. Extract of the ideas emerged during the idea generation.
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5.7 Concept Generation
To narrowing down the project it was decided
to focus only on the glove compartment (1),
the area in the middle of the dashboard (2)
and on the area behind the centre stack (3)
(Figure 26). Several concepts were then put
together for each of these areas on the basis of
the previously developed ideas.

Figure 26. The fields selected for the
forthcoming work.
Source: Volvo Car Corporation

5.7.1 Glove Compartment Concepts
The accessibility of the items stored in the glove box is amongst the most important to
achieve. The storage should preferable be flexible to enable the user to store large items as
well as to organise smaller items.
The Notch concept (1:A)

Loose walls can be put into notches on the
inside of the glove box, which makes is
possible to organise the stored items. When a
large storage area is desired, the walls can
simply be taken out or be stored in notches on
the sides. The placements of the notches are
adjusted to make a perfect storage for
common items placed in the glove box, such
as for example CDs or drying paper. The
notches could be placed in a withdrawable
sleigh to make the storage easier to reach
(Figure 27).
Figure 27. The Notch concept

The Glide’n’Slide concept (1:B)

A shelf can be places in notches on the inside
of the storage. Walls are attached on the
bottom of the shelf and can slide along the
shelf with complete flexibility. Thereby
compartments can perfectly be adjusted to the
stored items. When not used the walls can be
taken out or placed at the sides of the glove
box. A withdrawable sleigh can be used to get
easier access to the stored items (Figure 28).
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Figure 28. The Glide’n’Slide concept.
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The Flat’n’Box concept (1:C)

Boxes are tagged on to the walls or the roof of
the compartment. The boxes are made in a
flexible material to make them possible to
expand or fold away. The user can choose if
to have one or more of the boxes drawn-out
or to have only one large compartment with
all boxes folded away or simply taken out. A
withdrawable sleigh can be used to facilitate
the access to the stored items (Figure 29).

Figure 29. The Flat’n’Box concept.

The Zip & Switch concept (1:D)

Complete units with diverse containment can
be placed in the glove box. The unit can, if
desirable, easily be taken out as a bag or be
switched to another unit. One unit could for
example be adjusted to store beverage and
food, and another to for example office
material (Figure 30).
Figure 30. The Zip & Switch concept.

The Pocket Knife concept (1:E)

Like a pocket knife the glove box includes a
number of diverse devises which can be
folded out when needed. The devises could
for example be CD-stands, beverage holders,
hooks and an extendable pocket. This concept
could be possible to combine with a
withdrawable sleigh (Figure 31).
Figure 31. The Pocket Knife concept.
The Closet concept (1:F)

The compartment is provided with decorated
drawers intended to keep the stored items
organised. It could be possible to choose how
many drawers and which type of decoration.
One drawer could for example be decorated
with a napkin holder and pen holders, and
another drawer could be suited for maps and
beverage (Figure 32).
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Figure 32. The Closet concept.

The Permanent concept (1:G)

The compartment is optimally structured to
the most commonly stored items. There can
for example be permanent walls, boxes for
CDs and napkins and an elastic spring for a
torch (Figure 33).

Figure 33. The Permanent concept.
The Cool concept (1:H)

The compartment is divided into two sections.
One section is intended to keep for example
beverages or chocolate bars chilled and the
other section can be used to any other type of
storage (Figure 34).

Figure 34. The Cool concept.

5.7.2 Dashboard Concepts
It is desired to have storage in this area which harmonise with the curvature of the
dashboard when not used. Hatches are to be avoided because of the difference in
temperature that can occur and thereby make the construction malfunction and make
clanking sounds. The contrast between the storage and the rest of the dashboard should be
minimalised to avoid reflections in the windowpane. Items stored in this place should
preferably be attached to the storage in some way considering road safety. It is also most
desirable to be able to see the display of a stored mobile telephone.
The Spike concept

Small bendable spikes are placed in the
hollow to make it possible to keep items of
various sizes and in flexible positions. The
spike unit can be taken out for easier cleaning
(Figure 35).
Figure 35. The Spike concept.
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The Notch concept

An elastic material with notches is placed in
the hollow. The notches expand when filled
with items and diminish when empty
(Figure 36).

Figure 36. The Notch concept.

The Friction concept

A cover of a frictional material keeps the
items at place. The cover could either be
placed in a hollow or in line with the
curvature of the rest of the dashboard. The
surface in the hollow could be tilted to make
it easier to see the stored items, especially the
display of the mobile telephone (Figure 37).
Figure 37. The Friction concept.
The Soft Lid concept

The storage space can be closed by a hatch
made of a soft material to avoid clanking. A
net can be used to be able to see, and possible
even get hold of, the items when closed. The
items are safety kept in the storage space at
the same time as the reflection in the
windowpane is avoided (Figure 38).

Figure 38. The Soft Lid concept.

The Switch concept

Charges for electric devises like mobile
telephones, GPSs and MP3s are permanently
placed in the area. By switching adaptors the
charges are geared to the used product. It is
also possible to plug in the product to the
loudspeaker equipment at the same time
(Figure 39).
Figure 39. The Switch concept.
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The storage area is equipped
with customised spaces for items such as
mobile telephones, cards and sunglasses. The
base is made of a stiff material whereas the
inside of the storage spaces can be
upholstered with an elastic material to make it
more flexible (Figure 40).

The Rail concept

Figure 40. The Rail concept.

The Suck concept

The storage consists of a sort of a vacuum
cleaner behind a surface made of a grid. The
items adhere to the storage area since the suck
makes it impossible for them to move from
their place if not pulled away (Figure 41).
Figure 41. The Suck concept.

5.7.3 Centre Stack Concepts
It is important that the stored items are easily accessible from the driver’s seat. To avoid
the need for visual attention the items in the storage are preferably only used when not
driving or admit great haptic feedback. Alternatively the storage is only used to lay items
aside. The shape and the material of the compartment should harmonise with the rest of
the centre stack. Ideas of what the storage could be used for were generated and are listed
below.
The Waste concept

The storage is used as a waste bin. To ease the
usage bags could be attached to the inside of
one of the walls or a parted bin could be
placed in the storage.
The Safety box concept

A hidden lock makes it a safe storage for
valuables. The storage could possible be
automatically locked or unlocked at the same
time as the car.
The Divided concept

The storage is divided into two areas. One is
adjusted to the driver’s needs and the other to
the passenger’s.
The Organized concept

The storage is divided into smaller areas to
make it possible to organise items like credit
cards, receipts etcetera.
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The CD concept

The storage is customised for a number of
CDs.
The Napkin concept

The storage is customised for a special type of
napkins, possible both dry and wet.
The Cool concept

Beverage could be placed in the storage to
keep their temperature.
After generating the ideas of purpose, ideas of how the storage area could be designed
were sketched. Each of these design proposals can be applied on at least one of the listed
concepts. (Figure 42)

Figure 42. Centre stack storage solutions.
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5.8 Establishing the Assignment
In discussion between the project group, Cross Design and VCC it was decided to proceed
with the development of the glove compartment concepts. Both of the assigners and the
project group agreed that it would be more beneficial to the project if the possibilities in the
concept development process where maximized. Therefore the focus was put on the glove
compartment of the coming XC90, which has the largest volume of VCC’s cars.

5.8.1 Objectives Tree and Weight Tables
From the gathered information and the expressed customer needs an objectives tree was
put together. (Appendix 11). Main problems and sub problems were listed in a hierarchic
flowchart. The relative importance’s between the needs were established, compared and
calculated in weight tables (Appendix 12). The calculated values were brought back to the
objectives tree in order to get an overview of what needs to prioritize.

5.8.2 Product Specification
Specifications were set up in a list, both of what the glove compartment should be able to
contain and what characteristics to achieve. Characteristic data can be seen in appendix
13. The product specifications were based on the information that had come to light
during the survey, and on the list items to store/use simultaneously in the front seat in a
large car that VCC had provided earlier in the project. The fact that the glove
compartment door will contain storage space for small items has been taken into
consideration. The established list of which objects preferably should be accommodated is
shown in figure 43.

Demands and wishes of items to be stored:

•
•
•
•
•
•
•
•
•
•
•

Two 0,5 l bottles or two 0,33 l cans
One compact digital camera
10 CD:s
One wallet
One set of keys
10 coins (quarters/enkronor)
Napkins or tissues
Pens
Manual and other car related important
papers
One media player connected to a USB
socket (if technical possible)
One pair of glasses

Figure 43. Items to be stores in the glove compartment.
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5.9 Evaluation of Concepts
The ten glove compartment concepts were compared to previously stated product demands
and wishes as well as to each other. This was done by a number of different kinds of methods
to assure that every aspect, theoretical as well as emotional, was taken into consideration.

5.9.1 Six Thinking Hats
To give all the concept ideas a fair and equal evaluation the method of de Bono’s six
thinking hats was used. It helped the team to, in a broad-minded way, look at each concept
in all the six different angles. In its turn it gave the team a good picture of the flaws and
benefits of every concept. No concepts were excluded exclusively based on this method
but it was helpful in aspect of making the decision-making process more effective.

5.9.2 Application of Weight Tables and Objectives Tree
In a previous phase of the project every demand and wish had been assigned a weight
corresponding to their importance. The glove box concepts were marked after how well
they lived up to each of the demands and wishes. (Appendix 14) This was to be used as
basic data for the concept choice. As can be seen in figure 44 the Notch (1:A), Pocket
Knife (1:E), Closet (1:F), Permanent (1:G) and Cool (1:H) concepts were those with the
highest marks.

Concept

1:A

1:B

1:C

1:D

1:E

1:F

1:G

1:H

Score

4.364

4.015

3.373

3.632

3.455

4.566

4.470

4.231

Figure 44. Scores of the glove compartment concepts.

5.10 Combination of Concepts
When all the concepts had been evaluated and received their scores from the weight tables a
meeting with VCC took place. During the meeting the discussion revolved around which
concepts were the most innovative and creative. The scores from the weight tables and
evaluation from the thinking hats were also taken into consideration. After the meeting the
two most promising and innovative concepts were chosen to take further. These were
supplemented with good ideas from other concepts and function models were built. In the
selection the focus was put on especially three things; the concept had to be as flexible as
possible to fulfil different kind of needs at different occasions. It had to facilitate organisation
of items and it should feel new and innovative.
During the needfinding, a storage specially adapted to cell phones, was the most common
request. However, since cell phones often are used by the driver meanwhile driving the glove
compartment is not suitable for this kind of storage. Another frequently occurring wish was
that the storage areas could easily be cleaned. A desire from VCC was that the glove
compartment would include a cooling area. The combination of concepts ended up with two
concepts which both could be supplemented with a so called sleigh for easier access.
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5.10.1 Notches
The notch concept did not change in
character very much from its earlier
version. However, the disposition of the
interior received a more well-planned
structure and the technical solution of the
notches was thought trough. (Figure 45)
After extensive testing and trying, moving
around the interior and testing again it was
found that the best place for the tempered
part was to the left of the glove
compartment, A. In this place the two 0,5 l Figure 45. Function of notches.
bottles fitted best and it was the easiest
place to get cool air to from the air
conditioner (AC). The bottle holder consists of a shackle in stainless steel. It can be folded
up against the wall in case the storage area should have to be used for something else, for
instance snacks or cans. The wall, B, which screens off the tempered storage from the rest,
can easily be removed if a larger storage volume should be needed or to facilitate cleaning
(Figure 46). Though, the wall needs to be in place in order to use the manual shelf, C, and
the CD wall, D. These are connected to each other and the rest of the glove compartment
with hatches and can not support the intended load unless wall B is in its place. Shelf C is,
as mentioned, intended for the manual book but can hold an A5 notebook or other papers
too. It is placed on a well considered distance from the top to best suit its purpose. The CD
wall, D, can be easily attached to the shelf by the notch that is placed a CDs width from
wall B. The idea is to provide storage for 10 CDs where they can not drift around in the
glove compartment. On the other side of the wall it is made room for small items such as
napkins, digital cameras or torches. The glove compartment door will hold pens and coins.

A

C

B

D

Figure 46. Left: The Notch concept. Right: If larger storage volume is needed all
interior can be removed.
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5.10.2 Cases
The main idea with the case concept is to avoid noise. By using somewhat soft materials
disturbing clatter and rattle from loose items in the glove compartment can be reduced to
almost nothing. Another important aspect is to provide a structured and organized storage,
but still be able to use the whole storage volume without having to unpack the glove
compartment. In this way it is easy to lift out the portable cases and place them
somewhere else and still keep everything in order (Figure 47). The fact that the cases can
be lifted out also makes cleaning easier. The two cases can be used separately from each
other, both in and outside of the glove compartment. The disposition is similar to the one
on the notch concept. The tempered storage case, A, is placed to the left and supplied with
cool air from the AC by an air valve at the back. It has two submersions in the back, or a
soft shelf, to support the bottles. Apart from that, the storage can be used for cans and
snacks or such things. The large case, B, has the same disposition as in the notch concept;
with a manual shelf, C, and CD storage, D.
A

B

C

D
Figur 47. Left: The case concept. Right: Tempered case used separately
and cases taken out.

5.10.3 Complementing Sleigh
Both the Notch concept as well as the Case concept could be supplemented with a sleigh
to ease the access to the items stored in the glove compartment. The compartment is deep
and placed relatively low which makes it difficult to see or reach for items inside. A sleigh
that can be pulled out can therefore have an immense positive influence on the overview.
In order to avoid noise, but still keep shape the sleigh have to be manufactured in a soft
material reinforced with a stabilising structure. See figure 48.

Figur 48. Left: Sleigh used in the Case concept. Right: Sleigh used in the Notch concept.
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5.11 The Concept Choice
After having discussed and evaluated both concepts, with and without the sleigh, together
with the assigners the case concept was elected (Figure 49). Since all concepts and
combinations lived up to the demands the decision was based on both the score from the new
weight table (Appendix 15) and the fact that the case concept was considered to be the more
innovative, and therefore it would be more interesting to see what it could lead to.

Figure 49. The concept choice – The Case concept.
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6 Results
The Glove Compartment Case (GCC) is the result of broad needfinding and extensive user
studies. The focus has throughout the project been to ease organisation of stored items in a
flexible way that easily can be customised. The GCC fulfils these wishes by providing a well
considered storage space for items in the glove compartment. In the same time it is flexible
due to the fact that it easily can be removed in order to set free the large storage volume that
the glove compartment in the new XC90 has to offer. The GCC is intended as an optional
choice when ordering a new car or as an extra device that can be bought as a complement.

6.1 Function
Volvo XC90 is a car intended for people and families with an active lifestyle and many things
going on at the same time. This makes demands for a flexible storage that easily can be
adapted to best serve the needs of different situations. Ordinary everyday usage has different
demands on storage than those of, for example, long distance driving. The main idea with the
GCC is to provide a storage solution that can help people to organise their items in a way that
is easy overviewed and easy to use. However, when a larger storage volume is needed, for
example for snacks and beverage during long travels, the GCC can easily be removed and
placed in some other place in the car or left at home. Meanwhile the items will be kept
organised the whole time.

6.1.1 Two Cases
The XC90 glove compartment is going to be tempered to function as a sort of refrigerator.
The cooling effect could, according to expertise at VCC, be supplied by the residual air
from the vehicle’s air conditioner. Though, it can be difficult to decrease the temperature a
lot if the whole compartment is to be tempered. Therefore the GCC is divided into two
cases (Figure 50). The smaller left case is intended for tempered storage meanwhile the
larger right case is special designed for customised organised storage. The cases works
most advantageous used together,
but can just as well be used
separately, both in- and outside
of the glove compartment. The
GCC is of course optimal for
organising items in the glove
compartment since designed for
that purpose, but can as well be
used for storing items in other
places inside or outside of the
car.
Figure 50. The GCC consists of two cases.
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6.1.2 The Valve
The air from the air conditioner is to be lead into the glove compartment through an air
valve at the left side of the back wall (Figure 51). When the GCC is not placed in the
glove compartment the valve can easily be opened or closed by moving the lid to the side.
The lid is provided with a silicone mouthpiece so that the GCC is easily connected to the
valve by simply putting the case into place. The valve and the backside of the tempered
case are designed to perfectly fit each other, whether the valve is open or closed so that
this never has to be thought of (Figure 52). A fine-meshed net is placed between the
storage volume and the opening construction for the air valve, to screen of and make it
more ae sthetically appealing. The air can flow unhindered through the net to cool off the
whole space.

Figure 51. The valve at the back of the glove
compartment.
Figure 52. The back construction of the tempered
case.

6.1.3 The Tempered Case
The left case is tempered and its primary purpose is storage for snacks and beverage.
(Figure 53) At the back there are two submersions, fitted for two 0.5 l pet bottles, to keep
the bottles in place. There were thoughts of having a soft shelf to support the bottles, but
such a solution would have a drastically negative impact on the flexibility on the storage
volume. There would for example be difficult to store a
can or large chocolate bars. With the submersions there is
room for a chocolate bar, or such things, at the side of the
bottles. If preferred, two cans or other snacks can be
stored instead. The case can be used both inside the glove
compartment as well as for keeping beverage cool outside.
The cold will be kept within the case by a lid that seals
well to the case and is closed by a velcro tape at one side.
When the case is placed in the glove compartment the lid
is resting on the glove compartment door, and opens and
Figure 53. The tempered case.
closes with it.
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6.1.4 The Organised Case
The purpose of the right case is to help people to organise their glove compartment
storage. (Figure 54) At the bottom there is a storage space perfectly suited to the manual
so that it will be kept in place at all times and always be easy to find when needed. It is
also room for an A5 note book or other papers. Above the shelf there is a small wall to
support CDs so that they do not slide around. There is also room for other items such as
tissues or a torch. At the top there is a net
where small items, such as extra batteries, can
be placed. The glove compartment door will
have a trench where pens and other small
items can be stored. Since the glove
compartment is both deep and has a low
placement it can be difficult to see and get
hold of the stored items. Therefore a
withdrawal sleigh will come with the GCC.
This can be used if desired, to ease the access
Figure 54. The organized case.
to the items stored in the glove compartment.

6.1.5 Handles
To be able to withdraw the GCC from the glove compartment, and also be able to
understand that it is possible, it is necessary to endue it with handles. The handles should,
however, be discreet and not too space-demanding. On the tempered case the handle is a
string tightly attached to the lid. On the organised case the handle is a string that when not
used is tightly attached to the bottom of the case. When the handle is needed it simply has
to be pulled over the opening of the case and attached with a buckle to the other side.

6.2 Shape
The shape of the GCC is based entirely on the shape of the glove compartment. (Figure 55)
This is to avoid any loss of volume space and to reinforce the feeling of that the case is an
actual part of the glove compartment. Furthermore, since the shape fits exactly into the glove
compartment it makes it easier to take out the GCC or put it back into place.

Figure 55. The shape seen from the front and the backside.
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6.3 Material
Neoprene is a material which can live up to the criterions and at the same time provide for an
appealing and qualitative appearance. Therefore the GCC is made in 2 mm thick clothed
Neoprene with low shore. It was also chosen because of its qualities in vibration and noise
reduction, which was one of the major criterions. The inside is to be clothed with a fabric with
high friction to stop items from sliding around in the cases. The Neoprene needs to be
reinforced with polyethen in the bottom and the walls to retain its shape. Preferably HDPEX is
to be used because of its sustainability in fluctuation temperatures. The ground-plates are to be
made in a stiffer material to assure stability and fit to the valve. It should, however, be soft
enough to not make any noise. Therefore these parts are to be made in silicone. Another
request from many people was that the storage should be easy to clean. The GCC can easily
be brought out and shaken out. However, it can also be machine washed if for instance
beverage would be spilled out.

6.4 Colour
The selection of colours harmonises with the existing interior in XC90. The colour on the
outside is the same as the interior colours in the XC90, while the inside is the same as the seat
clothing. The ground plate is always black in order to keep the selection to a minimum. For
colour examples see figure 56.

Figure 56. Examples of interior and seat clothing colours.

6.5 Lighting
To be able to see the stored items the glove compartment needs to be lighten up when opened.
This is necessary both when the GCC is placed in the compartment as well as when it is taken
out. There are two kinds of lighting systems that suit these different occations. When the GCC
is taken out small LED spots are lighing up. When the cases are placed in the compartment
they block the LED sensor and activates a sensor for fibre optic lighting. The fibre optic lights
are placed inside of the cases. Both the LED and the fibre optic lights radiate less heat than
other light sources which is beneficial to the chilling system. The fibre optic suits well to be
placed in the cases due to the possibility to keep the illuminator and the powering electricity
at different locations.
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7 Visualisation
7.1 CATIA V5
The concept was modelled in CATIA V5 to
get a conception of the shape and an exact
measurement of the dimensions. This CADmodel was later to be used as a foundation for
the fabrication of prototypes as well as for the
rendered freeform surface models. The work
in progress can be seen in figure 57.
Figure 57. The CATIA V5 model under construction.

7.2 Autodesk AliasStudio
The models created in CATIA V5 were
imported into Autodesk® AliasStudio™ for
compilation of the final surface models.
Attributes were applied to the surfaces to as
far as possible resemble the true materials
intended to be used when manufacturing the
product. The cases were placed in their
contemplated environment and pictures were
rendered for presentation. The AliasStudio
model under construction can be seen in
figure 58.
Figure 58. The AliasStudio model under
construction.

7.3 Prototype
7.3.1 Rapid Prototyping
The ground-plates of the cases were
fabricated with the method of rapid
prototyping since these parts are meant to be
of a stiffer material then the rest. The groundplates and a SLS-model of the glove
compartment were then polished, spraypainted and finally varnished to obtain a
desirable finish. (Figure 59)
Figure 59. The SLS-models.
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7.3.2 Sewing
The exterior of the pliable case parts were
made in a fabric selected because of its
resemblance of the neoprene look and
rigidity. The interior was made in a high
friction textile and the armature in thin
polyethen sheets. The cases were after
fabrication attached to the ground plates and
a net was placed in the tempered case to
separate the valve from the storage area
(Figure 60).

Figure 60. The final model.
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Figure 61 The Glove Compartment Case.
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Figure 62 The GCC is divided into two cases that can be used together as well as separatly.

Figure 53 Left: top view of the GCC. Right: Front view of the GCC
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Figure 64 At the bottom of the GCC’s organised case a shelf is screening of a compartment special adjusted
to suit the manual. This gives easy access to the manual at all times.

Figure 65 A withdrawable sleigh gives good overview and easy access to all items stored in the GCC.
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Figure 66 The tempered case allowes tempered storage of two cans or 33 cl bottles,
and snacks.

Figure 67 The lid to the tempered case keeps safely looked by a strong Velcro
tape. This makes it easy to close an open.
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Figure 68 The GCC is easy to carry due to the handles. The handle on the organized case fits perfectly into
the splitline when the case is stored in the glove compartment. When needed it can be rotated to upright
position to provide a convenient grip. The handle on the tempered case is attached to the lid to provide an
easy access grip at all times.

Figure 69 The details are inspired by the by the excisting
environment of the XC90.

50

Figure 70 The GCC is alighted by fiber optics when placed in the glove compartment.

Figure 71 The glove compartment is alighted by
led spots when the GCC When placing the GCC
within the glove compartment a sensor switches
off the spots in favour of the fiber optics inside
the GCC.
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8. Final Product

Figure 72 The GCC provides an organized and easy access storage to all items that needs to be stored in
the glove compartment.
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9 Discussion
9.1 Method
The methods used in this project were combined according to what we thought would be the
most profitable for the development of the final concept, both in regard to implementation and
result. Since these methods were subjectively chosen it is, however, possible that this could
have been done in an even more optimal way.
The introductory studies were accommodated to the original wide working field of the storage
in the front part of the car, which gave us a fundamental understanding for the needs. Though,
if it had been time we should preferably have made complementing studies of the specific
final assignment of the XC90 glove compartment. The reliability of the answers from the
surveys, especially the interviews, can also be discussed. The answers tended to be very much
alike, which made it easy to grip the problems. However, the presence of an interviewer and
the exact formulation of the questions are in one way or another affecting the interviewee. He
or she may for example want to come up with the “correct answer”. We had also high
expectations of the observations and tried to adjust them to make them useful and profitable.
It did not, however, give any increased effect of the outcome. The collected information was,
inevitable, subjectively interpreted which can cause a narrow continuance of the project. The
brainstorming sessions as well as the general discussions with users were therefore very
enriching to maintain a wide perspective of the project. Since the level of ambition has been
high in this project, it has sometimes been difficult to delimit the assignment as may have
been most suitable. Though, we believe that we nevertheless have succeeded well in our
accomplishment.
It has been of great benefit to the project to have easy access to the expertise of Cross Design
and VCC. The employees that we have been in contact with have all been very obligingly and
interested in our work. It has also been gainful, if not necessary in this kind of project, with
collaboration between two students to be able to discuss thoughts and ideas.

9.2 Result
The initial assignment was to improve and optimize the storage solutions in selected VCC
models. The models, and consequently the assumptions and constraints, were changed during
the project. We do not, however, think that this has had any significant negative effects on the
outcome since the result fulfils the initially stated wishes of flexibility, individuality and
organisation. In addition, the need of storage does not vary much amongst the car models of
this size and the result can with minor adjustments be applied on all of the other studied
Volvo cars.
One of the main problems of today’s glove compartments is the difficulty to get an overview
of the stored objects. The optimal solution for this would, in our opinion, have been a
withdrawable compartment. There are though some obstacles to that kind of solutions which
to a large extent depends on safety, construction and appearance aspects. The final concept of
an organised, flexible and individualised glove compartment has though not only fulfilled the
initial wishes, but is also innovative at the same time as it agrees with Volvo cars’
characteristics. It also satisfies the frequently occurring wishes of organisation possibilities
without interfering with the spacious volume of the XC90 glove compartment.
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9. Discussion

9.3 Recommendations
Since the assignment initially was rather wide focus has been put on generating as many and
as innovative ideas as possible. Costs and construction has only been roughly considered as
no exact restrictions concerning these aspects had been given. Further investigation of a
suitable production process is therefore necessary to be performed if the product is going to be
manufactured. Also the materials have to be considered in aspects of costs and durability. The
choice of these has been made on the basis of researches mainly of temperature sustainability,
pliability and noise reduction. It is also important that the total production costs have to be
deeply considered in comparison to what is gained by the new product. It should also be
further investigated if LED and optic lighting are the most suitable lighting systems regarding
costs and design since this has not been prioritised in this project. Furthermore, the design of
the product makes it possible to have several exchangeable cases adjusted for different
purposes and items. For example a large tempered case that is easy to lift out and may be used
as a cooling bag for the picnic. The concept idea would take advantage of if there was an
adjusted area to place the cases when not in the glove compartment. Finally, it is also most
necessary to perform target group test of the product. This would preferably have been done
during the development process but there has been no time since the final concept was to be
developed in a very limited time.
In addition to the glove compartment, also other possible storage solutions in the front part of
the car have been considered. We believe that some of these are important to elucidate and
further investigate. This first and foremost concerns the storage of cell phones which
frequently has been requested in all of our surveys. If it will continue being legal to talk in cell
phones it is important to design a storage which make the cell phones take the least possible
attention from the driving.
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Appendix 2 - Abstract of Sirius Master Plan Design Process
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Appendix 4 – Mission Statement

Mission statement
Product description

A proposition for a reorganisation of the
storage spaces in the front part of the VCC
models.

Key business goals

The goal with the project is to optimize the
storages in the front of Volvo Cars to give
continious added value for the customers and
there by make them long lasting.

Primary market

Buyers of large Volvo car models.

Secondary market

Buyers of all Volvo car models.
Potential buyers of Volvo cars.

Assumptions and Constraints

•

The product is designed for large Volvo
car models.
Field surveys of at least twenty Swedish
drivers of large Volvo car models or
corresponding models of othes makes
should be carried out.
Questionnaries and interviews will only
be carried out with Swedish drivers.
The international market will be taken
into consideration through other existing
documentation.
A visualisation of the product is to be
made.
All documentation must be in English.

•
•
•
•

The Project Team
Luleå University of Technology
Volvo Car Corporation
Cross Design AB

•
•

•
•

•

Stakeholders
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Appendix 5 – Interview and Questionnary Questions
Användarenkät
Denna enkät är en del i ett examensarbete inom programmet Ergonomisk
Design och Produktion vid Luleå Tekniska Universitet. Studien syftar till att
förbättra och vidareutveckla interiören i personbilar. Dina svar, i samverkan
med annan information som framkommer under projektets användarstudier,
kommer att fungera som vägvisare för vilka behov och krav moderna
bilförare ställer på interiören i sin personbil. Enkätsvaren är helt anonyma och
kommer endast att användas i ovan nämnda syfte.

Tack för att Du svarar på frågorna!

Allmänt
1. Kön
□ Kvinna
□ Man
2. Ålder
__________
3. Är Du höger- eller vänsterhänt?
□ Höger
□ Vänster
4. Vad har Du för yrke/utbildning?
_____________________________________________
5. Finns barn i Ditt hushåll?
□ Ja
□ Nej
• Om barn finns i hushållet, hur många?
_______
• Hur gamla är de?
_____________________________________________
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Bilkörning
6. Hur många år har Du haft körkort?
___________________
7. Hur många år har Du haft egen bil?
___________________
8. Vad kör Du för bil (märke, modell och årsmodell)?
_____________________________________________
9. I vilket syfte skaffade Du din senaste bil? (ex. jobbet, skjutsa barn, flytta saker)
__________________________________________________________________________________________
__________________________________________________________________________________________
10. Vilka var de viktigaste parametrarna Du tog hänsyn till i ditt val av bil?
__________________________________________________________________________________________
__________________________________________________________________________________________
11. Finns fler bilar i hushållet?
Om ja, vilket/vilka märken och modeller samt främsta användningsområde för denna/dessa?
__________________________________________________________________________________________
__________________________________________________________________________________________
12. Markera med ett kryss i rutan vid det påstående som bäst instämmer med dig.
Jag färdas:
□ Alltid ensam
□ Mestadels ensam
□ Lika ofta ensam som med passagerare i framsätet
□ Mestadels med passagerare i framsätet
□ Alltid med passagerare i framsätet
13. Hur ofta genomför Du längre resor (minst 30 mil) med din bil?
□ Aldrig
□ Ibland
□ Ofta
14. Markera med ett kryss hur ofta Du använder bilen till:
Dagligen

3-6 ggr/v

1-2 ggr/v

Aldrig

□

Några
ggr/mån
□

att köra till och från arbetet

□

□

att skjutsa barn

□

□

□

□

□

att handla

□

□

□

□

□

fritidsrelaterade syften

□

□

□

□

□

□
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Förvaring i främre delen av bilen
15. Nämn det bästa med förvaringen i främre delen av din bil:
__________________________________________________________________________________________
16. Nämn det sämsta med förvaringen i främre delen av din bil:
_________________________________________________________________________________________
17. Vilka föremål är viktigast att ha lättåtkomliga?
__________________________________________________________________________________________
18. Var anser Du att man lättast kommer åt något som man vill ha tag på snabbt?
__________________________________________________________________________________________
__________________________________________________________________________________________
19. Är det något föremål som saknar plats att förvaras på?
__________________________________________________________________________________________
__________________________________________________________________________________________
20. Finns det något onödigt förvaringsutrymme, i så fall:
Var finns förvaringen?
□
□
□
□

Är det för att det är svåråtkomligt?
För litet?
Överflödigt?
Svårt att hitta?

______________________________________
______________________________________
______________________________________
______________________________________

21. Vad förvarar Du permanent i främre delen av bilen? (ex manual, servetter, karta, pennor)
__________________________________________________________________________________________
__________________________________________________________________________________________
22. Var förvarar Du dessa saker?
__________________________________________________________________________________________
__________________________________________________________________________________________
23. Hur tar Du med saker i bilen? (ex. löst, i handväska, portfölj)
__________________________________________________________________________________________
__________________________________________________________________________________________
24. Om Du tar med saker i en väska eller liknande:
•

Tar du ut dem när Du sätter dig i bilen eller låter Du dom ligga kvar i väskan?
□ Tar ut dem
□ Låter dem ligga kvar

• Låter Du vissa saker ligga kvar och tar ut andra? Vilka tar Du i så fall ut?
_______________________________________________________________________________________
• Var lägger Du sakerna som tas ut?
_______________________________________________________________________________________
• Var ställer Du väskan?
_______________________________________________________________________________________
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25. Vad har Du till vardags med dig in i bilen vi varje resetilfälle? (ex. mobil, kalender, dator)
__________________________________________________________________________________________
• Vilka av dessa föremål är viktigast att ha lättåtkomliga?
_______________________________________________________________________________________
26. Vad har Du med dig in i bilen vid längre resor? (ex. servetter, godis, böcker, dricka)
__________________________________________________________________________________________
• Vilka av dessa föremål är viktigast att ha lättåtkomliga?
_______________________________________________________________________________________
27. Använder Du medhavda föremål under körningen?
□
□

Ja, nämligen (ex. mobil, gps, godis):________________________________________________
Nej

28. Är det något föremål Du skulle vilja använda under körningen, men som i dagsläget är för
svåråtkomligt?
□
□

Ja, nämligen___________________________som förvaras i______________________________
Nej

29. Känner Du dig säker med att ta fram föremål från förvaringen under körningen?
□
□

Ja
Nej, inte från_______________________________________________________________________

30. Behöver du ta blicken från vägen när Du plockar fram något föremål?
Ja, när föremålen förvaras i________________________________________________________________
Nej, när föremålen förvaras i_______________________________________________________________
31. Vilken hand föredrar Du att ha kvar på ratten när du ska plocka fram något?
□
□

Höger
Vänster

32. Nu när Du har haft möjlighet att tänka igenom vilken förvaring som finns i främre delen av
din bil, hur nöjd är Du?
□
□
□
□
□

Mycket nöjd
Nöjd
Varken nöjd eller missnöjd
Missnöjd
Mycket missnöjd

33. Skriv gärna ner synpunkter och funderingar kring hur Du tycker att förvaringen i främre
delen av bilen kan förbättras.
__________________________________________________________________________________________
__________________________________________________________________________________________
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Appendix 6 – Extract of Survey Compilation

GENDER:

Women: 9
Men: 11

AGE:

<30 years: 1
30-39 years: 5
40-49 years: 2
50-60 years: 9
>60 years: 3

PREFERED HAND:

Right: 19
Left: 1

CHILDREN IN HOUSEHOLD:

Yes: 8
No: 12

NUMBER OF CHILDREN:

1 child: 8
>1 child: 1

AGE OF CHILDREN:

<1 year: 3
1-3 years: 2
4-6 years: 1
7-12 years: 1
13-17 years: 2
>17 years:0

Items important to have easy access to
Cell phone
Sunglasse
Beverage
Case
Notebook
Ice scraper
Pen
Coins
CDs
Map
0

2

4

6

8

68

10

12

14

16

Other
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Items with no/poor storing opportunities
Cell phone
Beverage
Sunglasses
Maps
Trash
Notebook
Pens
Cases
Other
0

5

10

15

20

25

Place where items easiest can be reached

Middle of the dashboard
To the right
On top of the tunnel
Compartment in the tunnel
Other

0

2

4

6

8

Manual

Permanently stored items

Pen
Maps
Ice scraper
CDs
Napkins
Sunglasses
Coins
Notebook
Torch
Parking ticket
Tools
0

5

10

15

20

Pocket knife
Other
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Items brought on longer trips

Beverage
Snack
Coffee
CDs
Maps
Napkins
Cases
Other

0

2

4

6

8

10

12

14

16

Most important items(s) to have easy access to on longer trips

Beverage
Snack

0

2

4

6

8

70

10

12

14

16
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Items brought on everyday trips
Cell phone
Case
Wallet
Written documents
Calendar
Notebook
Umbrella
Child seat
Other
0

5

10

15

20

Most important item(s) to have easy access to on everyday
trips

Cell phone
Other

0

2

4

6

8

10

12

14

16

18
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Appendix 7 – Staged Observations
Rollspel
Du och jag ska åka på en resa till Köpenhamn. Solen skiner och det är
strålande väder ute så har vi båda med oss våra solglasögon, men eftersom
hösten är här har vi också med oss varsin jacka. För att vi inte ska behöva
vara hungriga och törstiga har vi med oss två 33 cl vattenflaskor och en klase
med 4 bananer. Vi är lite osäkra på vägen så vi tar med en karta ev GPS och
ifall vi skulle behöva ta vägbeskrivning av någon har vi med oss ett litet block
och en penna. För att det inte ska bli dötrist att resa har vi med oss 5 CDskivor, 1 MP3-spelare och en laptop med de senaste avsnitten av Prison Break
nedladdade. Givetvis kan inte någon av oss leva utan våra mobiler och
handväskan med plånbok och dyl är självfallet med. Trots frukten har vi ändå
blivit hungriga på vägen och därför stannat och ätit på McD. Jag hann inte
dricka upp min mellanstora dricka så den tar vi med oss. När vi ändå
stannade och tankade passade vi på att köpa med oss en kaffe, en påse
godis, en kvällstidning, ett nöjesmagasin och ett paket näsdukar, ifall vi spiller.
Var förvarar vi allt? Halvägs på resan byter vi förare.
Vi kommer att behöva nå alla saker under resans gång så de kan inte
förvaras någonstans där någon av oss inte kommer åt under körning. Baksätet
får användas i den mån som vi når sakerna på.
Var placeras föremålet?
Varför placeras det där?
Vad händer när du ska nå det?
Är det lätt eller svårt att nå?
Finns det någon annan stans du hellre skulle vilja placera det?
Observera vilka föremål somplaceras nära föraren!
Nu byter vi förare!
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Appendix 8 – Problem Clarification
Problem Clarification
1. What is the problem?
The existing storage area is old-fashion and not optimised to be frequently used.
2. Why does the problem exist?
The area is unstructured and not easy to access.
3. Where is the problem?
In front of the passenger seat and on the upper side of the I-board.
4. Why is it there?
Because the driver as well as the passenger needs more structured and accessible storages
for daily use.
5. When does the problem arise?
When the user has an obstacle he/she wants to put away and reach easy.
6. Why is there a problem exactly at that time?
Because as it is now the storage area is not easily accessible.
7. Who is concerned of the problem?
The driver, passengers, fellow road-users and Volvo.
8. Why is he/she/they concerned of the problem?
The driver needs to have easy access to things he/she wants to use during driving and/or
standing still. The passengers have an interest in not having to serve the driver with reaching
for things and also to reach things for themselves. In a safety perspective it concerns both the
driver, the passengers and fellow road-users. Also Volvo has an interest in providing
functional and safe cars for keeping their good reputation and in that way gain market
shares.
9. How common is the problem?
As soon as the driver or the passenger wants to store or reach for something, especially while
driving.
10. Why does it exist to that extent?
Because Volvo cars is used everyday by many people and a lot of them need to use and reach
for several devices both during driving as well as standing still.
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Appendix 9 – Benchmarking

Toyota Prius

Volvo S80

Volvo XC70

Audi TT

Nissan X-trail Columbia

Citroën C8

Audi TT

Chrysler Cherokee
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Mitsubishi L200

Toyota Corolla Vevso

Volkswagen Passat

Audi TT

Mitsubishi Lancer

Chrysler Crossfire

Audi TT

BMW 3-serien
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Appendix 10 – Related Technology and Trend Analyis

Source: ÅF

Source: Whirlpool
Source: VAIO

Source:Bredarydsmöbler

Source: Nokia

Source: Audi TT

Source:S&B Nord
Source:IKEA

Source: IKEA
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Appendix 11 – Objectives Tree of Glove Compartment
Match surroundings
6/16

Attractive
design

Radiate Quality

3/25

Express simplicity

0.120

4/16
1/16

0.045
0.030
0.008

Aesthetically Appealing
5/16

0.038

Good/Essential feedback
3/64

0.009

Easy to access
15/64

Admit
usability
5/25

0.200

0.047

Good visibility
12/64

0.038

Easy to use
14/64

0.044

Intuitional interface
12/64

Glove
Compartment
1/1

0.038

Flexible
3/64

1.000

0.009

Suited to purpose
7/64

0.022

Contribute
to comfort

Not interfere with “air volume”

2/25

Easy to clean

0.080

2/4
2/4

Safety
9/25

0.360

Qualitative
construction
6/25

0.240

0.04
0.04

Not interfere with safety rules
1/1

0.360

Stable
1/4

0.06

Durable
3/4

0.18
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Attractive
design

Usability

Comfort

Safety

Construction

Total

Weight

Appendix 12 – Weight Tables of Glove Compartment

Attractive
design

1

0

1

0

1

3

3/25

Usability

2

1

2

0

0

5

5/25

Comfort

1

0

1

0

0

2

2/25

Safety

2

2

2

1

2

9

9/25

Construction

1

2

2

0

1

6

6/25

25

25/25

Weight table:

Contribute
to comfort

Not interfere
with air
volume

Easy to clean

Total

Weight

Primary
needs

Not interfere
with air
volume

1

1

2

2/4

Easy to
clean

1

1

2

2/4

4

4/4

Weight table:
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Good vision
ergonomics

Easy to use

Intuitional
interface

Flexible

Suited to the
purpose

Total

Weight

0

1

0

0

0

1

0

3

3/64

Easy to access

2

1

2

2

1

2

2

2

15

15/64

Good visibility

1

0

1

1

0

0

1

1

5

5/64

Good vision
ergonomics

2

0

1

1

0

0

2

1

7

7/64

Easy to use

2

1

2

2

1

1

2

2

14

14/64

Intuitional
interface

2

0

2

2

1

1

2

2

12

12/64

Flexible

1

0

1

0

0

0

1

0

3

3/64

Suited to the
purpose

2

0

1

1

0

0

2

1

7

7/64

64

64/64

Weight table:

Safety
Not interfere
with safety
rules

Weight

Good visibility

1

Admit
usability

Total

Easy to access

Good/essential
feedback

Weight table:

Not interfere
with safety
rules

Good/essential
feedback

Appendix 12
2:3

1

1

1/1

1

1/1

Attractive
design

Match
surroundings

Radiate
quality

Express
simplicity

Aesthetic
appealing

Total

Weight
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Match
surroundings

1

2

2

1

6

6/16

Radiate
quality

0

1

2

1

4

4/16

Express
simplicity

0

0

1

0

1

1/16

Aesthetic
appealing

1

1

2

1

5

5/16

16

16/16

Weight table:

Qualitative
construction

Stability

Durability

Total

Weight

Weight table:

Stability

1

0

1

1/4

Durability

2

1

3

3/4

4

4/4
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Appendix 13 – Product Specification

VOLVO
PV
Changes D/W

PRODUCT SPECIFICATION
List of requirements for the glove
compartment in new Volvo XC90
Requirements

D
W

1. Geometry:
The geometry does not exceed the given proportions.
The storage volume is maximized.

W
W
D

2. Forces:
The product is stable.
The product is durable.
The product manages acceleration and deceleration of the vehicle

W
D

3. Energy:
Any integrated functions are economical on energy.
Any integrated functions does not demand more energy than the
vehicle can supply.

W
W
W
D

4. Material:
The product consists of only non-toxic material.
The product consists of no dangerous material.
The product manages temperature variations between -60 and +100
degrees Celsius.
The product manages all temperatures.
The product is water resistant.
The product is repellent to dirt
The product is washable

D
D
D

5. Safety:
The product meets all safety legislations.
The product is user safe.
The product is fire safe.

D
W
W
W
W
D
W
W
D
W
W

6. Ergonomics and interfaces:
The product is visible.
The product has good visibility.
The product convenient to use.
The product facilitates item organisation.
The product is adjustable to occasion and user
The product prevents disturbing noise.
The product prevents noise.
The product allows intuitive use.
The product fits in its location.
The product had good aesthetics.
The product allows easy access to the entire storage volume.

D
D
D

Issued on
10/12/2007
Page: 1
Resp.
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D
W
W
D
W
W
W
W
W
W
W
W
W
W
W
W
W
W
W

7. Storage:
The product can contain beverage and snack.
The product has an intended place for at least two 0,5 l beverage.
The product can cool beverage and snack.
The product can contain for the manual.
The product has an intended place for the manual.
The product can contain napkins or tissues.
The product can contain wet naps.
The product can contain a torch.
The product can charge a torch.
The product can contain pens/pencils
The product has an intended place for pens/pencils.
The product can contain CD:s.
The product has an intended place for at least 10 CD:s.
The product can contain one wallet.
The product can contain one set of keys.
The product can contain 10 coins (quarters/enkronor).
The product can contain one pair of glasses.
The product can contain one C4 size map/folder.
The product can contain one media player connected to a USB

W

socket (if technical possible)
The product can contain one compact digital camera.

D
W

8. Production:
The product can be manufactured.
The product is easily manufactured.
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Appendix 14 – Application of Weights for Concepts 1:A-1:H
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Appendix 15 – Application of Weights for Case and Notch
Weight
Match
surroundings
Radiate quality
Express simplicity
Aesthetically
appealing
Good/essential
feedback
Easy to access
Good visability
Easy to use
Intuitional
interface
Flexible
Suited to purpose
Not interfere with
air volume
Easy to clean
Not interfere with
safety rules
Stable
Durable
Sum

Case

Notch

Case +
Sleigh

Notch +
Sleigh

0.045

3

0,135

4

0,18

3

0,135

4

0,18

0.030
0.008

4
3

0,12
0,024

4
4

0,12
0,12

4
2

0,12
0,016

4
4

0,12
0,032

0.038

4

0,152

4

0,152

3

0,114

4

0,152

0.009

4

0,036

3

0,027

4

0,036

4

0,036

0.047
0.038
0.044

4
3
4

0,188
0,114
0,176

2
2
2

0,094
0,076
0,088

5
4
4

0,235
0,152
0,176

5
4
5

0,235
0,152
0,22

0.038

4

0,152

4

0,152

3

0,114

4

0,152

0.009
0.022

5
5

0,045
0,11

3
3

0,027
0,066

5
5

0,045
0,11

4
4

0,036
0,088

0.040

5

0,2

5

0,2

5

0,2

5

0,2

0.040

5

0,2

3

0,12

5

0,2

4

0,16

0.360

5

1,8

5

1,8

5

1,8

5

1,8

0.060
0.180
1

3 0,18
4 0,72
4.352
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4 0,24
4 0,72
4.182

3 0,24
4 0,72
4.413

4 0,24
4 0,72
4.523

