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ABSTRACT
This is a master thesis project that is made in collaboration with Volvo Car 
Corporation, at the seat belts & child restraints department, located in Gothenburg, 
Sweden. The project description and objective of this project was to develop a 
concept, for the rear outboard seat positions, that makes the seat belt comfortable 
without compromising the safety with the focusing point on user experience. The 
safety systems of the car can be divided into two groups, active safety systems, and 
passive safety systems. The active safety systems help to prevent accidents from 
occurring and the passive safety systems are there to protect the occupants from 
serious injury in the event of an accident. Passive safety systems include airbags 
and seat belts, which are required by law in most countries. 

The seat belt system is the primary restraint system in the car. A challenge 
with current seat belt systems is to make one single seat belt geometry that fits 
all users optimally. A less than optimal seat belt geometry could lead to the belt 
rubbing against the neck with the possibility of misuse as a consequence or being 
positioned too far out on the shoulder, which makes the risks of torso rollout and 
injuries increase.

The safety in the rear seat has been prioritized recently due to the new requirements 
stated by European New Car Assessment Programme, which is a new car 
assessment programme, that tests and evaluates different safety aspects of cars. 
Another reason is Volvos vision that no one should be killed or seriously injured in 
a new Volvo car by 2020, which is a continuous ongoing work of improving safety.

This project has used a combination of the stage-gate process and a prototype-
based process, which enabled prototype building and testing throughout the whole 
development. The Stage-Gate process was divided into 4 stages. These stages were 
Context immersion, Ideation, Implementation, and Finalization. At the end of each 
stage, there is a gate, meaning some things that needed to be delivered to Volvo 
Cars before proceeding on to the next stage.

The work resulted in two concepts that are based on two different principles. 
Concept Ridge is a concept where the seat belt automatically adjusts to the 
occupant. The concept is based on that occupants with shorter torso needs a more 
outboard position in order to prevent the seat belt rubbing against their neck. It 
works by having a slanted surface placed on top of the seat that ‘guides’ the seat belt 
into an outboard position. If the occupant has a tall torso the shoulder belt barely 
touches the surface and therefore moves to its default inboard position. Ridge has 
been tested and evaluated with both crash test dummies and people with different 
statures and proportions since the crash dummies do not reflect people in reality.

The other concept, Soft, is based on only having one static position and instead make 
the seat belt comfortable by covering it with a soft tube. Soft has the advantage of 
making the belt comfortable even when it is located in a safe position close to the 
occupant’s neck.

KEYWORDS
Seat belt, belt guide, car safety, restraint system, user experience, product 
development, industrial design.



SAMMANFATTNING
Detta är ett examensarbete som utfördes i samarbete med Volvo Car Corporation, på 
avdelningen seat belts & child restraints i Göteborg, Sverige. Uppdraget och målet 
var att utveckla en konceptuell lösning för säkerhetsbälten som tillåter en högre 
säkerhet och komfort med fokus på användarupplevelsen. Mer specifikt så gjordes 
koncepten för baksätets yttre platser. Säkerhetssystemen i bilen kan delas upp i två 
kategorier, passiv och aktiv säkerhet. Den aktiva säkerheten är system som hjälper 
användaren att undvika en kollision medan de passiva säkerhetssystemen är de 
system som skyddar den åkande, till exempel airbags och säkerhetsbälten, vilket är 
lagkrav i de flesta länder. 

Säkerhetsbältet är det primära säkerhetssystemet i bilen. En utmaning med dagens 
säkerhetbältessystem är at skapa en bältesgeometri som passar alla användare 
optimalt. Om bältet inte passar optimalt kan det leda till felanvändning som resultat 
av att bältet skaver mot halsen, eller att säkerhetsbältet hamnar för långt ut på axeln 
och ökar risken för urvridning av den åkande.

Säkerheten i baksätet har blivit högre prioriterad på senare tid på grund av de nya 
ratingkrav från European New Car Assessment Programme, som är europeiskt 
utvärderingsprogram som tester säkerheten av nya bilar. En annan anledning är 
Volvos nollvision att ingen ska omkomma eller skadas allvarligt i en ny Volvo år 
2020, som är ett ständigt pågående arbete för att förbättra säkerheten.

Processen som använts under projektet är en kombination utav en Stage Gate 
process och en process som bygger på att prototyper skapas under hela arbetet. 
Stage Gate processen var uppdelad i fyra olika faser, kontextundersökning, 
idéarbete, implementation och färdigställande. Varje fas hade en bestämd leverans 
som var tvungen att presenteras för att passera vidare genom ”gaten” och in i 
nästkommande fas. Prototypbyggandet som fortskred genom hela arbetet har gjort 
det möjligt att testa och utvärdera lösningar i alla faser.

Arbetet resulterade i två koncept som grundas på två olika principer. Koncept Ridge 
är ett koncept där säkerhetsbältet anpassar sig efter den åkande, beroende på längd 
(sittandes) som är den styrande parametern. Det fungerar genom att den lutande 
ytan som är placerad på toppen av stolsryggen styr ut bältet för korta personer för att 
motverka att diagonalbältet skaver mot halsen. För längre personer används ytan 
mindre eller inte alls och tillåter då bältet vara placerat längre in. Ridge har testats 
och utvärderats både med krockdockor och med människor med olika längder och 
proportioner eftersom krockdockorna inte representerar hur människor ser ut i 
verkligheten.

Det andra konceptet Soft, bygger på att istället för att tillåta olika bältesgeometrier 
beklä säkerhetsbältet med ett vadderat och mjukt material. Tanken med lösningen 
är att tillåta en säker bältesgeometri nära halsen och det mjuka materialet ska 
eliminera eventuell obehagskänsla samtidigt som konceptet ska kännas lyxigt och 
säkert. 

NYCKELORD
Säkerhetsbälte, bältesutlopp, bilsäkerhet, säkerhetssystem, användarupplevelse, 
produktutveckling, teknisk design.
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shoulder belt, and the lap belt (Figure 1).

It is a challenge to find a belt geometry that best 
fits all occupants. For example, if the shoulder 
belt is designed to fit an occupant with a tall 
torso height, it might rub against the neck of an 
occupant with shorter torso height (Figure 2).

The current project is limited to rear seat belt 
geometries and seat belt systems. The objective 
is to develop a concept that provides a safe and 
comfortable shoulder seat belt solution for a 
wide range of occupant sizes for the rear seats. 

1 INTRODUCTION 
In modern cars, the seat belt system is the 
primary restraint system. Seat belts reduce 
serious crash-related injuries and deaths by 
keeping the occupants positioned correctly for 
maximum effectiveness of the airbag and by 
preventing occupants from being ejected from 
the vehicle. 

The human population contains people with 
different body sizes, proportions, gender, and 
age. The challenge has always been to find a 
seat belt geometry that is the best compromise 
between occupant sizes, comfort, and safety. 
The seat belt can be divided into two parts, the 

Shoulder belt

Lap belt

Figure 1. Shoulder and lap belt.

Reference Line Reference Line

Belt/neck contact

Figure 2. Belt rubbing against the neck.

Picture by Volvo Cars
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further away from the neck might give better 
comfort but could compromise the safety. The 
shoulder seat belt geometry (Figure 3) is partly 
a result of where the belt outlet or the belt guide 
is located (Figure 4).

The occupant population contains different 
sizes, body geometries, and age (Figure 5). 
Historically the development of a seat belt 
system must consider all these variables to find 
the best compromise to fulfill the safety needs 

This project is a master thesis project in 
Industrial design engineering at Luleå 
University of Technology, performed at Volvo 
Cars Corporation (VCC) at the seat belts & child 
restraints department in Gothenburg, Sweded, 
during the spring of 2019. This project was 
performed during a 20 week period and covers 
30 Swedish university credits.

1.1 BACKGROUND
Volvo Cars is a Swedish automobile manu-
facturer and were founded in 1927. Volvo is 
well known for their safe cars and is today 
owned by the Chinese company Zhejiang Geely 
Holding Group. They aim to become one of the 
world’s most modern attractive premium car 
brands. They continue to develop their user 
experience, reduce their environmental impact 
and upgrading safety for all users (Volvo Car 
Corporation, 2019).

The three-point belt as we know it today was 
invented by Nils Bohlin, an engineer at Volvo, 
and was first introduced in 1959. The invention 
has saved hundreds of thousands of lives and 
prevented or reduced the severity of injuries for 
countless people. Today it is a legal requirement 
to be fitted in cars on most markets in the world 
(Adolfsson, 2016).

However, safety does not always go hand in 
hand with comfort. According to the National 
Public Health Institute of the USA, more than 
half (53%-62%) of the people, age 13-44, who died 
in car crash 2016 in the USA were not buckled 
up at the time of the crash (Centers for Disease 
Control and Prevention, 2017). 

When trying to achieve high safety, it is 
important to not compromise with comfort. 
In worst case scenarios that could lead to 
the occupants not using the seat belt at all. 
Introducing warning signals and lights is one 
way of encouraging the occupants to use the 
seat belt.

For the seat belt to work with optimal efficiency 
the shoulder belt should be placed relatively 
close to the neck, as identified as beneficial 
in studies at VCC. However, placing the seat 
belt close to the neck might not be perceived 
as comfortable and might reduce the comfort 
of the seat belt. By placing the shoulder belt 

Figure 5. Occupant population

Figure 3. Shoulder seat belt geometry

Figure 4. Belt guide

Belt guide
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In terms of assembly, the product must allow 
for an easy assembly without specialized tools. 
The faster and easier the assembly the better. 

DESIGN 
The design department at Volvo wants 
something the is congruent with the rest of the 
interior of the car. They give design directives 
and surfaces that the product must adapt to. 

For the product, this means that it needs to be 
adaptive to different possible environments 
and perhaps appearances. 

ERGONOMICS 
The ergonomic department wants a product 
that is comfortable for as many occupants 
possible. If there is interaction with the product, 
more requirements may appear. For example, 
directives regarding buttons and symbols. 

SAFETY 
The safety department is responsible for 
occupant safety. They want a product that 
ensures the safety of all occupants regardless 
of their size. 

EUROPEAN NEW CAR ASSESSMENT PROGRAMME
The EuroNCAP does not have any requirements 
for the product but they are an independent test 
facility. It is important to develop a product that 
performs well in their tests.  

The result of how well the product performs in 
a test is perhaps outside of this project scope. 
Because it is a matter of many details that may 
be adjusted after this project has finished. 

1.3 OBJECTIVE AND AIMS
For Volvo to compete in the global market of 
premium cars, they need to offer a high user 
value. This is partly done by giving the users a 
good user experience while continuing to offer 
their well-known safety standard. Seat belt 
comfort might be a small part of the total user 
experience, but to visualize what gives the user 
value, the car must be viewed more holistically.  
All the tiny details together are what makes up 
the user experience. In that sense all the details 
are important, and therefore this component 
is as well. The combination of good user 
experience together with Volvo Cars aim that 
no one should be killed or seriously injured in a 

as well as the customer comfort needs. This 
project aims to develop a solution to maximize 
the comfort, safety and user experience for all 
occupants, regardless of passenger gender or 
size. 

European New Car Assessment Program (Euro 
NCAP) is a European car safety performance 
assessment program, backed by several 
European governments and the European 
Union. Euro NCAP performs tests on vehicles 
and publishes safety reports on new cars based 
on a variety of tests. The test results of Euro 
NCAP have the potential to greatly influence 
consumer demand for a vehicle. Euro NCAP is 
a constant driving force for car manufacturers 
to make their cars safer due to their standards.

1.2 STAKEHOLDERS
Below are stakeholders that affect or gets 
affected by the product. When referring to the 
product, we mean the product that becomes the 
result of the current project. 

OCCUPANTS/CONSUMERS: 
The users want something that enhances their 
user experience and provides extra safety. 
There are several users of the product besides 
the consumer. They are described further in 
chapter 2.2.

VOLVO CAR CORPORATION (VCC) 
VCC has a vision that no one should be killed 
or seriously injured in a new Volvo by 2020. 
VCC wants to satisfy the user needs of comfort 
while maintaining a high level of safety for the 
occupants. Safety and comfort are two good 
selling points.  

For this product that means that not only must 
it provide safety in the event of a crash, it must 
also encourage the use of the product. Because 
the responsibility goes beyond legal liabilities 
for occupant safety. Normally, if a user decides 
to not use the seat belt, legally VCC is not 
responsible if the occupant gets injured or 
killed. But with this vision in mind, the product 
must encourage the use of it, for all occupants.  

MANUFACTURING 
In terms of manufacturing the product, it must 
be feasible to do so. Less complex means of 
production should results in less costs. 
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The second chapter, theoretical framework, 
covers the theory that this project is build upon 
and it includes specific car crash theory and car 
safety system but also theory about industrial 
design engineering, sustainability, human and 
user centered design, user experience and 
anthropometry. 

Next chapter is method and implementation, 
which describes the methodology of this project 
and the theory behind it. The chapter is divided 
into four sub-chapters and consists of several 
ideation and evaluation methods as well as the 
information collection and prototype methods 
used and the theory behind them. 

The fourth chapter is where the results from 
all methods used are presented, with the same 
sub-chapter structure as in previous chapter, 
together with the final result, followed by a 
chapter of discussion. The discussion involves 
positioning the result, the relevance, reflections 
and conclusions, which answers the initial 
research questions.

new Volvo by 2020 is why this project is carried 
out. Because by giving the users comfortable 
restraints, it minimizes the misuse of them. 

The objective of this project is to develop a 
concept, that makes the seat belt comfortable 
without compromising the safety. The concept 
will satisfy a range of occupants’ comfort needs 
while providing a safe shoulder belt position in 
event of a crash. The range spans from the 5th 
percentile women to 95th percentile man and 
includes children positioned on a booster seat. 

1.4 RESEARCH QUESTIONS
To use as a guide through this project, three 
research questions were developed. Some of 
the questions have concrete answers, while 
others are made more to invoke discussions.

•	 How is the safety affecting the comfort of the 
seat belt?

•	 How could the design allow the combination 
of high safety and good comfort regardless of 
passenger sizes and genders? 

•	 How is the positioning of the seat belt 
affecting safety and comfort?

1.5  PROJECT SCOPE 
The project has approximately 1600 hours of 
resources in actual working time all together 
distributed on the two participants. The time 
resource is based on the 40 hours of work 
weeks during a 20 weeks period multiplied by 
the number of participants.

A reference car, that already exists, has been 
appointed to make it easier to build this project 
on. The car used as a reference is a Volvo V60 
and the project only concerns the rear outboard 
seats.

1.6 THESIS OUTLINE
This report is divided into different chapters, 
which are context, theoretical framework, 
method and implementation, results and 
discussion. The context chapter includes 
current state where current situation is 
analyzed followed by user studies to get a 
deeper understanding of the situation and its 
challenges. 
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SCENARIO 1
The seats have the backrest in a fixed position. 
Like in most cars on the market today, there is 
no possibility to adjust the seat.

SCENARIO 2
The seats have a backrest that can be tilted. 
Here we presume that occupants will be 
positioned in three positions: Rest position, 
standard position and, work position. 

2 CONTEXT 
In this chapter, the result of the context 
immersion stage is presented. The result is 
divided and presented event by event.

2.1 CURRENT STATE
In the rear seat in Volvo cars on the market 
today, the seat belt has two positions: One daily 
usage position and one position for crashes. 
The system that triggers the movement of the 
seat belt is the pretensioner, which is a feature 
that was developed to reduce the slack in 
the seat belt in the event of a crash. A sensor 
system in the car detects if the car is exposed 
to a crash, then sends a signal that activates the 
pretensioner. The idea of using the pretensioner 
as the trigger of the movement of the belt is 
based on letting the seat belt take the closest 
way from the retractor over the back of the 
seat and to the buckle. In the rear seat, there 
are no adjusters as in the front row, where the 
occupant can adjust the seat belt outlet up and 
down to fit their needs.

Together with our contact at Volvo Cars 
Corporation (VCC), it was decided that we 
should work from two scenarios (Figure 6).  

Figure 6. Illustration of the two scenarios.

Scenario 1 Scenario 2

Picture by Volvo Cars
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measurement. However, if the seat belt 
geometry is designed for the 10-year-old child 
as demonstrated in Figure 7, it could chafe 
against the 5th percentile women’s neck and be 
positioned far out on the shoulder for the 95th 
percentile man.

2.3 SEAT BELT SYSTEM ANALYSIS
The rear seat belt system assembly contains 
several different parts. An overview of the rear 
seat belt system can be seen in Figure 8.

The boundary diagram in Figure 9 illustrates 
the seat belt system. The purpose of this 
diagram is to illustrate all interfacing systems 
and environments that could affect the solution 

2.2 ANTHROPERSONAS
The user´s consists of many different sizes and 
shapes and some of them, which are of more 
interest in this project, are:

•	 95th percentile man

•	 5th percentile women

•	 Average 10-year-old

The reason why these percentiles are of more 
interest is that these percentiles are  some of 
the extremes of the occupant population and 
covers both small and large people. The 10-year-
old child needs to be sitting on a cushion which 
makes his/her shoulder position higher than 
the 5th percentile women at the same time as 
the shoulder seat belt needs to be placed more 
inboard in event of a crash for the 10-year-old, 
because of the smaller shoulder-to-shoulder 

Figure 7. A 95th percentile man, 5th percentile woman 
and a 10-year-old on a booster seat, all with seat belt 
geometry adjusted for the 10-year-old.

Figure 8. Rear seat belt system.

Figure 9. Boundary Diagram
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factors. Potential error states or malfunctions 
are also listed in the diagram. The diagram 
could serve as a foundation for an Failure Mode 
and Effects Analysis and testing. For instance, 
to see what variables to change or what the 
potential failure modes are.

2.4 BENCHMARKING
This benchmark includes benchmarks from the 
automobile industry and from other industries 
where there is a need for a belt. 

2.4.1 BELT OUTLETS AND GUIDES
In this chapter are some of the most interesting 
solution related to belt guides and belt outlets 
in the backseat are presented. All belt outlets 
in this chapter are part of three-point restraint 

in any way. In this diagram the solution 
is depicted as a belt guide. Some of these 
systems and environments (seat, car body, and 
manufacturing) can be changed or affected by 
the solution while other (child seat, users and 
environment) can only affect.

In Figure 10, a parameter diagram with the belt 
guide in the center is illustrated. The diagram 
shows input factors, control factors, noise 
factors, ideal functions, and error states. The 
input factors combined with those factors 
that we can control should lead to the “ideal 
functions”. Noise factors are parameters that 
are out of our control. The goal is to design a belt 
guide system that is robust, meaning that ideal 
functions are guaranteed despite the noise 

Figure 10. Parameter Diagram.
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A similar solution to the Audi A4 is the 
Mercedes-Benz C-Class. One nice feature of 
this solution is that belt positions itself neatly 
on the panel beside the seat when you release 
it. It serves two purposes, it looks good and it 
keeps the belt out of the way should you want 
to fold the seat.

The Mercedes-Benz S-Class has a metal frame 
that highlights the belt outlet, making it a 
design feature, rather than hiding it.

2.4.2 RESTRAINT SYSTEMS IN OTHER VEHICLES
There are several other vehicles that utilize 
a restraint system for the occupants. These 
include buses, trucks, a variety of airplanes, 
all-terrain vehicles (ATV´s) and more. In these 
vehicles, there are different restraint systems. 

systems, the most common restraint system in 
cars. None of the the belt outlets would guide 
the shoulder belt into a more inboard position 
in the event of a crash, as it does in modern 
Volvo cars. as described in chapter 2.1 on page 
5.

An older Audi model A4 had an interesting 
solution for a belt guide in the backseat. It gives 
the user the opportunity to adjust where the 
belt positions itself on them. The symbol on the 
belt guide indicates that smaller passengers 
should move the belt inboard.

On the Audi A4, the belt outlet has an interesting 
shape. The shape of the outlet might be an 
attempt to make the belt position self-adjusting 
depending on how tall the occupant is.

Figure 11. Audi A4-04.

Figure 12. Audi A4 -19.

Figure 13. Mercedes-Benz C-Class -19.

Figure 14. Mercedes-Benz S-Class -19.
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Figure 15. Different restraint systems



10

2.6 USER SURVEY
The survey received 176 responses. 175 of these 
said that they usually use the seat belt.

48% of the participants do not think that they 
would adjust the seat belt in the backseat even 
if there was a possibility (Figure 18). When 
looking at the front seats there is a small 
resemblance between if the occupant has a 
driver’s license and if the seat belt is adjusted. 
But even if the occupant has a license, only 26% 
does adjust the belt. Approximately ¼ adjusts 
the seat belt in the front seat if possible and 
necessary (Figure 19).

When looking at the front seats, 35% of the people 
that usually find seat belts uncomfortable also 
said that they adjust the seat belt if possible 
and necessary. That means that 65% finds it 
uncomfortable but does not adjust it anyway, in 
many cases probably because the users are not 
aware that they can adjust the seat belt. 

Users that find the seat belt uncomfortable 
tend to adjust the seat belt to a greater extent. 
But, from these statistics, one can draw the 
conclusion that if there was a solution that 

Two-point seat belts are common in the 
passenger seats of airplanes (top right Figure 
15).

A four-point belt (center Figure 15), found in 
some race cars and ATV`s, have ,according 
to Johnston (2003), the advantage that they 
distribute the crash forces over more of the 
chest which reduces the pressure on the 
ribcage, heart, and lungs. They also help hold 
the occupant in place during crashes better 
than the standard three-point belt. However, it 
is unknown how a user would receive the four-
point belt in regular cars.

Inflatable seat belt is used by Mercedes-Benz 
and Ford (top left Figure 15) and they have 
different patents on their technical solution. 
The advantage of inflatable seat belts is 
according to Ford Motor Company Ltd, (2019) 
that is reduces pressure on the chest and 
better controls the head and neck movement 
and thus reduce the likelihood of injury. The 
disadvantage is that it is quite expensive.

In buses with seat belts, it is common with belt-
in-seat (BIS)(bottom row Figure 15). BIS means 
that the belt is attached in the seat rather than 
the body of the vehicle. 

2.5 OBSERVATIONS
During the observations, different behaviors 
and misuse were noted. The first picture in 
Figure 17 demonstrates how people tend to slide 
down in the seat (slouching). For longer trips, 
people tend to get to sleep in different positions 
which are not preferable in a safety point of 
view (Figure 16). A common misuse during 
the observation is when the passenger leans 
forward to be able to partake of the conversation 
in the front row as is demonstrated in the 
second picture in Figure 17.

Figure 16. Sleeping position

Figure 17. Slouching and leaning

Figure 18. Think they would adjust the seat belt in the 
backseat if the hade the possibility.
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a high risk that they would not do this anyway. 
One way to get around this problem might be to 
really draw attention to the adjuster for the seat 
belt. Another way of getting around the problem 
would be to have an automatic adjuster. 

Shorter users more often find the belt 
uncomfortable (Figure 20) and the major reason 
for the belt to be uncomfortable is that the belt 
is rubbing against the neck. For all results from 
the user survey see Appendix A.

requires the users to actively change the 
setting to increase their own comfort, there is 

Figure 20. Perceived comfort in relation to length.

Figure 19. Adjusts the belt if possible and necessary 
(Front seats, with or out without driver license).
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Friedman (2000), a product can take shape in a 
service or an artifact. Hubka & Eder (1987) has a 
similar definition but adds that the product may 
be for sale or for own personal use, but it always 
has some social or technical significance.  

Product design can have several meanings 
(Österlin, 2010): sometimes it refers to the 
process of how you ‘design’ artifacts or 
products, but sometimes it refers to the result of 
the process, the ‘design’ of an artifact. 

According to Österlin (2003), Industrial design 
means the design of products made for mass 
production. The field of industrial design 
contains two main areas: To adapt the product 
ergonomically to humans and to give it an 
aesthetically pleasing appearance for the target 
group or market. All this needs to be done 
with the prerequisites for use environment, 
construction, manufacturing, market and 
corporate strategy.

Mechanical engineering design is to use 
scientific principles to create a machine or 
mechanical structure to perform functions in 

3 THEORETICAL FRAMEWORK
The theoretical framework is part of the 
foundation on which this project is built 
upon. This chapter starts with a description of 
industrial design engineering since this project 
revolves around the developing process of a 
product designed for mass production with 
the user in focus. It then moves on to present 
relevant theories and facts in other subjects 
that are related to the development of this 
product.

3.1 INDUSTRIAL DESIGN ENGINEERING
One of the great strengths of design is that 
there is no complete single definition of it 
(Buchanan, 2001). Design is something that 
continuously developing and Buchanan (2001) 
argues that those fields where there is a settled 
and accepted definition are fields that are dying.

Freidman (2003) states that the word design 
refers to a process and that the goal of this 
process is “solving problems, meeting needs, 
improving situations, or creating something 
new and useful.” (p. 508). According to 
Buchanan (2001), the result of this process 
could be referred to as a product. According to 

Picture by Volvo Cars
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successful objects in modern history without 
the benefit of user studies. The examples 
given in the article are the automobile, which 
configuration originally was copied from the 
horse-drawn carriages and the second example 
refers to everyday objects such as kitchen 
utensils, cameras, and garden tools.

The harmful aspect of HCD lies within the 
risk of designing too complex products when 
focusing too much on all user needs. Another 
concern stated by Norman (2005) is when 
focusing upon individual peoples or groups you 
might be improving for them, but at the cost of 
making it worse for others. This last aspect is 
a focusing point throughout this project since 
the developed product/concept should be the 
best fit for all users, meaning it must be some 
compromises since there is a huge difference in 
body measurements between a 95th percentile 
man and a 5th percentile women. 

Norman (2005) also states that HCD has 
demonstrated strong benefits, such as improved 
usability, quicker learning times and, fewer 
errors, which is crucial and of great relevance 
in this project.

3.2.1 USER EXPERIENCE
Tullis & Albert (2013) argues for that user 
experience (UX) includes three characteristics:

•	 A user

•	 A product, a system or anything with an 
interface

•	 The experience of the usage is of interest and 
observable or measurable

To quote Norman & Nielsen (n.d.): “All aspects of 
the end user’s interaction with the company, its 
services, and its products. The first requirement 
for exemplary user experience is to meet the 
exact needs of the customer, without fuss or 
bother. Next come simplicity and elegance that 

an efficient manner (Hubka & Eder, 1987). This is 
in line with how Freidman (2003) defines design 
but within the area of mechanical engineering 
which makes the end product take the shape of 
a mechanical structure.

Cross (2008) claims that an “industrial design 
engineer” would have the knowledge and skills 
from both engineering and industrial design 
and that they could overcome the conflicts 
of industrial designers and engineers. De 
Vere, Melles, & Kapoor (2009) writes that the 
field product design engineering contains the 
integration of the two, traditionally separate, 
fields, (mechanical) engineering and industrial 
design. The purpose of this product design 
engineering field is to create “integralists” 
that are confident in all areas of the product 
development process (de Vere, Melles, & 
Kapoor, 2009). In these cases, industrial design 
engineering and product design engineering 
could be interpreted to be the same subject.

Redström (2006) claims that design is heading 
more and more towards user-centered design, 
which leads us into anthropometry and user 
experience where the design is created around 
the potential user. Our interpretation of Volvo 
Car Corporation’s slogan “Designed around you” 
is that all decisions are made to fulfill the user 
needs and adapt the products to fit the users. 

3.2 HUMAN- AND USER-CENTERED DESIGN
“User-centered design (UCD) is a broad term to 
describe design processes in which end-users 
influence how a design takes shape. It is both 
a broad philosophy and a variety of methods. 
There is a spectrum of ways in which users 
are involved in UCD but the important concept 
is that users are involved one way or another.” 
(Abras, Maloney-Krichmar, & Preece, 2004)
(p.445).

This means that the user needs to be placed in 
the center of the development. Abras, Maloney-
Krichmar, & Preece (2004) continues by arguing 
that the designer’s role in the process is to make 
sure that the user uses the product as intended 
and with the minimum effort to learn how it is 
intended to be used. However, Norman (2005) 
wrote an article of that human-centered design 
(HCD) can be harmful and gives a couple of 
examples of products that are some of the most 

Figure 21. Representation of a user, a product/system 
and an experience.
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components: 

Learnability - How easy it is for users to 
complete basics tasks?

Efficiency - How efficient the users are when 
performing tasks once they learned the 
product?

Memorability - When users return to the product 
after a period, how easy is it to remember the 
interaction?

Errors - How many errors do users make when 
interacting with the product and how severe 
are the consequences?

Satisfaction - How satisfying is the use of the 
product?

The consequences of misuse and errors within 
the field of safety systems can be extremely 
severe and need to be weighed against the 
profit from letting the users interact and adjust 
the products to fit their needs.

3.2.3 ANTHROPOMETRY
The science of body measurements, as 
Pheasant (2014) would describe it, becomes a 
relevant topic when you want your product to 
fit as many occupants as possible. It becomes 
especially important when the relationship 
between the occupant body measurements 
and the construction of the product affects the 
safety of the occupant.

The word anthropometry was according 
to Herron (2000) invented by the French 
naturalist Georges Cuvier, who lived during the 
seventeenth and eighteenth century. The word 
anthropometry literally means measurement of 
the body or measurement of men which comes 
from the Greek words anthrops and metron, 
which means a man and a measure (Herron, 
2000). 

Anthropometry was first used to studying the 
variation between human races and it can 
be traced back to the earliest humans who 
needed the measurement of human parts for 
fit clothing, tools and other equipment (Herron, 
2000). Herron (2000) also argues that there is no 
doubt that early humans also used information 

produce products that are a joy to own, a joy 
to use. True user experience goes far beyond 
giving customers what they say they want or 
providing checklist features. In order to achieve 
high-quality user experience in a company’s 
offerings, there must be a seamless merging of 
the services of multiple disciplines, including 
engineering, marketing, graphical and 
industrial design, and interface design” (p.1). 

Hassenzahl (2008) define UX as a “momentary, 
primarily evaluative feeling (good-bad) while 
interacting with a product or service.” and “Good 
UX is the consequence of fulfilling the human 
needs for autonomy, competency, stimulation 
(self-oriented), relatedness, and popularity 
(others-oriented) through interacting with 
the product or service (i.e., hedonic quality). 
Pragmatic quality facilitates the potential 
fulfillment of be-goals.” (p.2).

When talking about the pragmatic quality 
Hassenzahl (2008) refers to the perceived ability 
of the products to achieve the “do-goals”, which 
refers to performing a specific task, for example, 
sending an e-mail or roast a bread.  The “be-
goals” (hedonic quality) refers to products 
perceived ability to support the achievement 
of being something, for example being fast or 
efficient (Hassenzahl, 2008), which could be 
connected to Norman & Nielsen (N.D.) definition 
of achieving high-quality user experience by 
giving the customers more than a checklist 
of features i.e. create a user experience which 
goes far beyond the features of the product. 
Hassenzahl (2008) continues arguing that the 
fulfillment of basic human needs is the driver 
of the user experience.

To fulfill the user`s need in this project, the key 
is to give the rear occupants a safe environment 
and reduce the impact in an event of a crash, at 
the same time that the everyday use of the seat 
belt is comfortable. The “do-goals” is that the 
system keeps the occupant safe while the “be-
goals” provides a comfortable usage and thus 
creates a good user experience.

3.2.2 USABILITY
Usability is a quality attribute that evaluates 
how easy systems and products are to use 
(Nielsen, 2003). Usability can according to 
Nielsen (2003) be defined by 5 so-called quality 
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A problem stated by Salvendy (2012) regarding 
the use of percentile values is that different 
measurements are not related to each other. 
The impact of designing for percentile can 
be huge, Salvendy (2012) describes a design 
process where the designers based their 
measurements on the 1st percentile woman 
and the 99th percentile male when designing an 
aircraft, which resulted in an aircraft that 90% 
of females, 80% of African-American males and 
30% of white males could not fit and fly. One of 
the issues was that if the 5th percentile stature 
woman who was not the 5th percentile in thighs, 
raised the seat high enough to see over the nose, 
she is not able to maneuver the yoke which was 
interfering with her thighs (Salvendy, 2012).

This example given above is relevant in this 
project due to the fact that the automobile 
industry often uses the 5th percentile stature 
women and the 95th percentile stature men 
when deciding and designing seat dimensions 
(Kolich, 2002). Percentiles were also the base on 
which we developed our Anthropersonas.

ALTERNATIVES TO PERCENTILES
According to Salvendy (2012), there are two 
categories of alternatives instead of using 
percentiles, one of them is to use a sample of 
human subjects as fit models, which could 
be one of the percentiles. This method is 
commonly used in the apparel industry to 
identify the base size (Salvendy, 2012).  By using 
a process called grading, they change the size 
from one size (a percentile) to the next by using 
a list of measurements, which could take in 
consideration the same percentile but longer or 
heavier. Salvendy (2012) describes the grading 
process as an increment of change between the 
different sizes and therefore uses the second 
method that refers to cases. All other sizes are 
dependent on the initial base size as well as the 
size of the grade increments (Salvendy, 2012).

The second method is to select a set of cases or 
representations of people with relevant shape 
and size combinations. Today it is not practical 
to use random sample however Salvendy 
(2012) argues that this is about to change in 
the near future with the three-dimensional 
scanning techniques and the CAD technologies, 
although today it is preferable to use a small 
number of samples (in reality) that represent 

about body measures for “non-design” purposes 
such as to estimate the size of different 
enemies. 

The human can be measured in many ways 
and anthropometry can be divided into two 
categories, dynamic and static. Anthropometry 
is focused on the bodily features and the 
composition of the body that refers to “static 
anthropometry”. When talking about the 
measurement of body strength and body motion 
it refers to “dynamic anthropometry” (Herron, 
2000). Another definition of Anthropometry 
given by Pheasant (2014): “Anthropometry is 
the branch of the human sciences that deals 
with body measurements: particularly with 
measurements of body size, shape, strength 
and working capacity” (p. 6). 

Pheasant (2014) does not separate the 
dynamic and the static aspects of the word 
“Anthropometry” as Herron (2000), which 
means that when Herron (2000) is talking about 
just “Anthropometry” he refers to the statics, 
in other meaning; the bodily features and the 
composition of the body. 

PERCENTILES
Since adapting the product to fit every 
individuals body-measurements might not 
always be possible it can be interesting 
to identify different groups of user sizes. 
Percentiles are related to the project since 
the rest of the car is designed to fit a certain 
percentile (Kolich, 2002). 

The human anthropometric measurements 
have been identified as normally distributed, 
therefore normal distribution is used in general 
to calculate percentile values (Bhise, 2012). For 
example, 95th percentile stature means that 
only 5% of the population is taller, see Figure 22.

1       2    10    20   30  40  50 60  70    80   90    95     99

95th percentile

Percentile

Concentration

Figure 22. Example of 95th percentile stature.
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SITTING SHOULDER POSITION 
When developing a seat belt guide that adapts 
the belt geometry to the occupant, the shoulder 
height is of importance. Figure 23 was created 
using data for Swedish men and women (age 
18-65) from Hanson et al. (2009) and data for 
Dutch children age 10 from (Steenbekkers, 
1993). 

From Figure 23 we conclude that children 
sitting on a booster seat are within the same 
shoulder height range as adult occupants. At the 
same time when comparing children’s shoulder 
width (Steenbekkers, 1993) with women’s 
shoulders width (Hanson, Sperling, Gard, Ipsen, 
& Vergara, 2009), it is clear that children’s 
measurement is smaller. Which means that the 
geometry risk to be uncomfortable for small 
women´s when placing the shoulder seat belt 
as inboard as needed to prevent the children 
positioned on a cushion from twisting out (see 
torso rollout on page 19). 

We interpret this as a scenario where shorter 
adults and children on booster seats have 
the same shoulder height in the seat, but the 
children need the shoulder belt to be more 
inboard than what might be perceived as 
comfortable by the shorter adults. In Figure 
23 the intervals (height and breadth) of the 

the population. The method of using a small 
number of samples is applicable to this project 
as a compliment to the percentiles to secure 
that the solution will fit the population.

Advantages

Percentiles: accessible, testable, well known 
within the automobile industry

Fit models: scalable, consider both sizes and 
shapes, adjustable sizes

Samples: consider both sizes and shapes, 
scalable

Disadvantages

Percentiles: Do not consider both sizes and 
shapes, no one is a percentile, not related 
measurements

Fit models: Could be hard to applicate on the 
automobile industry, needs adjustability

Samples: Needs 3D-scanners (for many 
samples)

63,6

47,2

62,9

52,0

66,9

54,6

Fe
m

al
e

10
-y

ea
r 

ol
d 

(o
n 

ch
ild

 s
ea

t)

M
al

e

42,6 52,7

38,1 46,8

30,7 38,9

63,6

47,2

62,9

52,0

66,9

54,6

Fe
m

al
e

10
-y

ea
r 

ol
d 

(o
n 

ch
ild

 s
ea

t)

M
al

e

63,6

47,2

62,9

52,0

66,9

54,6

Male

Female

10-year old (on child seat)

15,4

19,1

19,5

21,3

23,4

26,4

3th-97th percentile male

3th-97th percentile female

3th-97th percentile ten-year-old 
(on booster seat)

Shoulder breadth/2 (cm)

Si
tt

in
g 

sh
ou

ld
er

 h
ei

gh
t (

cm
)

Hybrid III 5th Female crash dummy

Q10 crash dummy(19,51)

(16,54)

Figure 23. Shoulder position intervals for males, females and 10-year-old children on booster seat together with the 
shoulder position of the Hybrid III 5th percentile female and Q10 crash dummy.



17

For the social dimension safety and comfort for 
all occupants needs to be achieved.

BIOPOLYMERS
On average 16% of the total weight of a vehicle 
consist of plastic. More than half of this weight 
is the interior parts (CBI Market Intelligence, 
2016). When looking at similar products to the 
one being developed in this project, they are all 
made out of plastic. 

Commonly used fossil-based polymers have 
unanswered questions regarding disposal 
and future availability (Henke et al., 2017). Bio-
based alternatives can have the advantages 
of biodegradability, biocompatibility and the 
ability to fixate pollutants like carbon dioxide 
(Henke et al., 2017).

When using biopolymers in manufacturing 
you use the same established methods used 
with regular polymers (Jamshidian et al., 2010). 
But when using biopolymers, the control and 
application of these methods need to be varied 
(Jamshidian et al., 2010). Two plastics that are 
frequently mentioned on the topic of injection 
molding biopolymers are Polylactic acid (PLA) 
and Polyhydroxyalkanoates (PHA). 

Industries and manufacturers want their 
biopolymer substitute materials to have 
comparable characteristics of the current fossil-
based ones (Henke et al., 2017). The problem is 
that these bio-based or biodegradable polymers 
have poor material properties compared 
to these (Henke et al., 2017). According to 
Knights (2009), however, there are companies 
developing PHV that aim to substitute GPPS, 
HIPS, and ABS. 

Knights (2009) quotes Bob Ameel, global 
business manager for hot-runner systems at 
D-M-E Co: “PLA retains heat more, so longer 
cooling time is required. It tends not to flow 
well in thin walls over a long distance”. Another 
problem with biopolymers in the current market 
is the cost (Johnson, Tucker, & Mwaikambo, 
2003).

In the automotive industry, one of the main 
goals of using plastics instead of steel in 
different parts of the cars is to lower the weight 
of the car (CBI Market Intelligence, 2016). A 

shoulder position for 3th-97th percentile males, 
females and 10-year-old children on booster 
seats are illustrated, and it shows that 10-year-
old children have a smaller shoulder breadth 
measurement than women (Steenbekkers, 
1993). The shoulder position of the Hybrid III 5th 
percentile female and Q10 crash dummy is also 
pointed out in the intervals.

3.3 SUSTAINABILITY
When developing a product, of any type, it 
is important to investigate how the product 
impacts the world around it. A car is a product 
consisting of many smaller products or 
‘articles’. If each of these articles are developed 
with sustainability in mind, the totality of the 
car becomes a more sustainable product. An 
overall strategy on how to make the automotive 
industry and use of cars more sustainable is of 
course preferred, but outside the scope of this 
project. 

“During the last few decades, the history of 
design culture and practice, when dealing 
with the issue of sustainability, has moved 
from individual products to systems of 
consumption and production, and from strictly 
environmental problems to the complex blend 
of socio-ethical, environmental and economic 
issues.” (Dell’Acqua Bellavitis & Piardi, 2014)
(p. 1).  Finkbeiner, M. Schau, Lehmann, & 
Traverso (2010) also states that there are three 
dimensions of sustainability: environment, 
economy and social wellbeing and that 
our society has gone from environmental 
protection towards sustainability.

Design can be used as a tool to create 
sustainability because it affects the everyday 
lives of human beings (Dell’Acqua Bellavitis 
& Piardi, 2014). Because artifacts, as the 
result of design, have the possibility to affect 
people’s social status, their well-being and the 
environment they live in (Dell’Acqua Bellavitis 
& Piardi, 2014).

In the current project the three dimensions 
of sustainability could be incorporated in 
the following way: For the environmental 
dimension, alternative material and 
manufacturing methods could be applied. 
For the economic dimension, manufacturing 
feasibility and cost minimization is important. 
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occupant will not be restrained properly and 
the injury risks will increase significantly, 
especially injuries to the head, spine and 
internal organs by non-optimal torso and pelvic 
restraint (Adolfsson, 2019).

The seat belt geometry applied in modern Volvo 
cars today is the result of years of experience 
and empirical studies. By comparing old belt 
geometries, stored in a database, with archived 
customers complaints, an estimate of what is 
perceived as a comfortable seat belt geometry 
have been developed. The safety of the seat 
belts and the seat belt geometries is a result of 
testing and evaluating with crash dummies. 
For each car model, the seat belt geometry 
is verified with clinical trials with human 
occupants of different sizes*.

The current project might end before the exact 
parameters of the solution are defined. But it 
is important that the solution created in this 
project becomes flexible enough to be modified 
to fit the belt geometries developed at Volvo 
over the years.

3.4.1 SEQUENCE OF CRASH
In order for the safety systems to work properly, 
the different system needs to cooperate and the 
sequence is illustrated and explained in Figure 
25 on page 19 step by step. 

lighter car will result in less fuel consumption. 

If the bioplastic has worse material properties 
than the material it is replacing (perhaps 
another plastic) one might need to increase the 
volume of the part to compensate for it, and 
thus increasing the weight, resulting in higher 
fuel consumption may over the lifespan of the 
car result in higher CO2 emissions than if it 
would have been a conventional petrol-based 
plastic. The increase in volume could be both 
because of material properties like strength or 
because of more practical reasons like the need 
to design parts to be thicker at some places to 
allow a better flow when injection molding. 

3.4 CAR SAFETY AND CRASHES
Since the current project is about constructing 
a product, or a part, that interacts with other 
parts in a very specific environment, some 
basic theory about the car safety systems and 
their parts are presented here.

The safety systems of the car can be divided 
into two groups, active safety systems and 
passive safety systems (Reif, 2014). The active 
safety systems help to prevent accidents from 
happening and may include ABS (Antilock 
Braking System), TCS (Traction Control 
Systems) and ESP (Electronic Stability Program) 
(Reif, 2014) or systems. Active systems may 
also mitigate the injury risk, for example with 
electric reversible pretensioners in the seatbelt 
retractor*. The passive safety systems are there 
to protect the occupants from serious injury in 
the event of an accident (Reif, 2014). Passive 
safety systems include seat belts, which are 
required by law in most countries, and airbags 
which can be mounted in various positions.

The seat belt system is the primary restraint 
system in the car (Adolfsson, 2019). The three-
point belt is standard in all modern Volvo cars. 
It is also the type of belt system that this project 
revolves around. The basics of the three-point 
lap/shoulder belt (Figure 24) is to restrain the 
occupant by using the strong pelvis bone and 
the rib cage of the human body (Adolfsson, 
2019).

If the shoulder belt is too far out on the shoulder, 
placed under the arm or behind the back the 

Shoulder belt

Lap belt

Figure 24. Shoulder and lap belt

*Personal communication n.d., Peter Adolfsson
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•	 Leaning away from the shoulder belt.
•	 Moving towards the buckle.
•	 Placing the shoulder belt behind the back.
•	 Placing the shoulder belt under the arm.

A tilted torso increases the risk of rollout (or 
twist out) and submarining (Figure 26), moving 

closer to the buckle increases the risk of anchor 
side submarining. The shoulder belt placed 

3.4.2 SEAT BELT GEOMETRY
In the current project, the objective is to create a 
product (or article) that guides the seat belt into 
a favorable belt geometry for the occupant. To 
be able to know how to design that geometry, it 
is vital to investigate the work done in this area 
before.

According to Bidez & Syson, (2001) the shoulder 
belt should be placed across the mid-clavicle for 
proper restraint of an occupant. A placement of 
the shoulder belt which intersects the cervical 
spine (to close to the neck) may “abnormally 
restrain the normal range of motion of the 
individual vertebral segments within the 
cervical spine during a crash” (Bidez & Syson, 
2001)(p.9). 

A high torso belt anchor position results in 
the belt being close to the neck of an occupant 
with short torso height. This can result in the 
occupant trying to make it more comfortable 
by:

Figure 25. Illustration of the sequence of a crash.

Figure 26. Torso rollout (twist out) and submarining 
illustrated by Victor.
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It should be noted that a buckle used in the 
study made by Beck et al. (2014) was connected 
to the anchor by webbing like the type shown 
in Figure 28. On modern Volvo cars, the buckle 
is connected directly to the anchor (Figure 29) 
which might reduce the lifting effect (Figure 30) 
of the shoulder belt in steep angles.

Volvo has also made a sled test (VCSC, 2013) 
where they moved the belt closer to the neck (i.e. 
inboard) on a Q10 crash dummy that represents 

under the arm usually result in rib fractures in 
moderate to severe collisions (Bidez & Syson, 
2001).

Beck, Brown, & Bilstonne (2014) states that 
placing the upper anchorage point low wide 
or high inboard (Figure 27) increases chest 
injury in crashes. However, in their study, it was 
shown that chest deflection decreased 19% in 
the high inboard position, i.e. belt closer to the 

neck, compared to the standard mid-chest and 
shoulder position. They also concluded that 
a high inboard position increased the risk of 
submarining on the buckle side as a result of 
the shoulder belt “lifting” the lap belt due to the 
steep angle. 

Figure 28. Buckle attached by webbing

Figure 29. Buckle, as seen in modern Volvo cars.
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Figure 27. Shoulder belt position as described in 
Assessment of Vehicle and Restraint Design Changes 
for Mitigating Rear Seat Occupant Injuries (Beck, Brown, 
& Bilstonne, 2014).

Figure 30. The lifting effect
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3.4.3 EUROPEAN NEW CAR ASSESSMENT PROGRAMME 
(EURO NCAP)
The Euro NCAP is a new car assessment 
programme, that tests and evaluates different 
safety aspects of cars. It consists of several test 
facilities, backed by government agencies and 
organizations from European countries (List of 
Euro NCAP Members and Test Facilities, 2019).

Euro NCAP chooses popular and interesting 
car models for testing. In most cases, but not 
always, these are new cars that just entered 
the market. Every member organization of 
Euro NCAP sponsors the assessment of at least 
one car per year. The car chosen may have 
relevance to their own domestic market or a 
specific market segment. In addition, vehicle 
manufacturers may sponsor their own cars 
(The Car Selection Explained, 2019).

When the first test results from Euro NCAP 
were presented in 1997, it caused considerable 
media interest and a strong critical response 
from some car manufacturers (van Ratingen, 
et al., 2016). However, since then vehicle 
manufacturers have moved towards seeing the 
highest rating in the Euro NCAP tests as a goal 
for all their new car models.

The Euro NCAP rates cars based on the 
assessment in four important areas. These 
areas are Adult Occupant Protection (for 
the driver and passenger), Child Occupant 
Protection, Vulnerable Road User (VRU) 
protection (previously Pedestrian Protection), 
and Safety Assist. Each of these four areas is 
assessed with several tests listed in Table 1 on 
page 23, the ones that are affected by the rear 
seat belt are marked in bold.

The tests performed by Euro NCAP simulate 
crashes up to the speed of 50 km/h. The full-
width rigid barrier puts high demands on the 
cars restraint system. In this test, the restraint 
system must be strong enough to restrain a 
male crash dummy while at the same time be 
compliant enough to not put injuriously high 
deacceleration forces on a small female. Strict 
limits are set on deacceleration on the chest 
and on the degree of chest deflection (Full Width 
Rigid Barrier, 2019). In the offset-deformable 
barrier test, an average male dummy is placed 
in the front and child dummies (6 and 10-year-

a 10-year old child, placed on a booster seat 
(Figure 31). The result was that chest deflection 
was reduced, just as in the study made by Beck 
et al. (2014). However, they did not see any 
increase in the risk of submarining. 

Maybe the different buckle attachment could be 
the reason that Volvo did not observe a higher 
risk of submarining in their tests as illustrated 
in Figure 30.

In a study, Bohman et al. (2011) concluds that  
restrained children move about 100mm latterly 
regardless of stature and restraint system in 
a vehicle swerving. In the same study that 
resulted in the belt slipping off the shoulder in 
almost 2/3 of the shorter children sitting on a 
booster cushion. On a booster cushion with 
back, the belt did not slip off the shoulder but in 
half of the trials, it resulted in a belt position far 
out on the shoulder. 

No shoulder belt slip-off occurred for the taller 
children. Bohman et al. (2011) discusses that 
the reason behind this probably is that the seat 
belt has a more “grabbing” effect on the taller 
children due to their stature. The taller children 
also have wider shoulders giving the belt a 
longer distance before it falls off. Having the 
seat belt in a position closer to the neck reduced 
the risk of the belt going farther out on the 
shoulder. But Bohman et al. (2011) also mention 
that in the study made by Jakobsson, Bohman, 
Stockman, Andersson, & Osvalder, (2011) they 
found that children age 9-12 restrained by seat 
belt only, shifted their torso inboard to avoid 
seat belt neck contact. 

Figure 31. A test of the Q10 crash dummy with two 
different positions of the shoulder seat belt.

*Personal communication 2019-04-08, Peter Adolfsson
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The ranking a car receives in the Euro NCAP 
has the potential to affect sales of a car*. 
Therefore, it is very important that the outcome 
of this project has the potential to aid in a good 
score in the tests highlighted in bold in Table 1.

old) in the rear seats (not the center rear seat) 
(Offset-Deformable Barrier - ODB, 2019).

Adult Occupant Protection Child Occupant Protection VRU Safety Assist

Offset-deformable barrier CRS Performance Head impact Electronic Stability Control

Full-width rigid barrier Vehicle provisions Upper leg impact Seat belt reminders

Side mobile barrier CRS Installation check Lower leg impact Speed Assistants

Side pole AEB pedestrian AEB Interurban

Whiplash AEB cyclist Lane support

AEB City

Table 1. Euro NCAP tests
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chart uses two variables, time along the x-axis 
and tasks along the y-axis (Robles, 2018). The 
Gantt chart is applied to this project to visualize 
the planning and easier keep track and be 
prepared on time-consuming tasks. After 
the project scope was re-formulated both the 
deliveries and the Gantt chart were re-worked. 
The Gantt chart is used as a guide and keeps 
track of where in the process the project is 
and helps with keeping the deadlines, which 
is called stage-gates and are described in the 
following chapter.

To visualize the process and the work that 
had to be done Trello was used, which is an 
online version of post-its.  A brief morning 
meeting was held every day to plan the work 
for each day and to discuss and high-light any 
disorders or issues regarding the process and 
the developing work.

All documents were gathered, structured and 
sorted stage by stage on OneDrive, which is an 
online cloud service. This was to keep track and 
have a good overview of all documents and files 
during the project.

4 METHOD AND IMPLEMENTATION
This chapter describes the methodology used 
in the current project. The methodology used 
is a combination of the Stage-Gate process 
containing four stages and the IDEO’s three-
stage view of prototyping.

4.1 PROJECT PLANNING
To plan a project means to think through the 
project from the very beginning to the end 
(Wikberg Nilsson, Ericsson, & Törlind, 2017). 
The planning of resources and time is all about 
identifying what needs to be done and who is 
going to do it (Wikberg Nilsson et al.,2017). The 
project planning started off with identifying 
and establishing the different stages. After 
the stages were established the deliveries 
of each stage were defined and to whom the 
deliveries were supposed to be presented for 
before proceeding on to the next stage. When 
the deliveries were determined, a brief ideation 
session was performed in order to identify the 
necessary events which enable us to achieve 
the specific deliveries in each stage.

These events were then visuzalized in a Gantt 
chart (see Appendix B). The Gantt chart is a 
visualization of the project planning and the 

Picture by Victor Hansson
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ourselves before proceeding on to the next 
stage. The deliveries and stages are illustrated 
in Figure 32. This process is chosen and 
combined with the “three-stage view of 
prototyping” explained in Figure 33 for this 
project to elucidate what needs to be delivered 
at the end of each stage. The combination with 
the “three-stage view of prototyping” process 
allows early prototyping for inspiration and 
problem exploring.

The context immersion stage is about 
understanding the problem and the context 
and formulating the needs and requirements. 
The following stage, ideation, is where the 
quantity of ideas is created with the aim of 
creating over 100 ideas. The implementation is 

4.2 PROCESS
A process is a procedure and can be described as 
a sequence of events in a certain order (Wikberg 
Nilsson et al., 2017). A design process can be 
performed in several ways. The current project 
uses a combination of the stage-gate process 
and IDEO´s three-stage view of prototyping. The 
stage gate process was chosen because we are 
familiar with the process and it is a good way 
to ensure that the project does not get stuck 
and delays deliveries. IDEO’s three-stage view 
of prototyping was also incorporated into the 
process since we thought from the beginning 
that an experimental approach to constructing 
a solution would be the most effective way to go 
about the current project.

Cooper (2008) describes the stage gate process 
as ”...a conceptual and operational map for 
moving new product projects from idea to 
launch and beyond – a blueprint for managing 
the new product development process to 
improve effectiveness and efficiency. Stage-
Gate is a system or process not unlike a 
playbook for a North American football team: it 
maps out what needs to be done, play by play, 
huddle by huddle – as well as how to do it – in 
order to win the game.”(p.2).

This project is divided into 4 stages with a gate 
end of every stage. These stages are Context 
immersion, Ideation, Implementation, and 
Finalization. At the end of each stage, there 
is a gate, meaning some things that need to 
be delivered to Volvo Cars, the Univeristy or 

Figure 32. All stages represented and their deliveries.

Figure 33. IDEO’s three-stage model of prototyping. 

ValidateEvolveInspire

Prototype-driven specification Specification-driven prototypes

Project time

# of ideas

ValidateEvolveInspire

Prototype-driven specification Specification-driven prototypes

Project time

# of ideas



25

4.3.1 STAKEHOLDERS
The stakeholders and their demands were 
identified by a discussion with us and our 
contact at Volvo. The consumer demands were 
based on Volvo’s consumer atlas, and the VCC 
vision that is posted on their website. 

The objective of identifying the stakeholders 
and their potential demands on the product 
was to include these demands in the product 
requirement specification.

4.3.2 BENCHMARK
According to Drew (1997) benchmark has been 
defined as “the art of finding out, in a perfectly 
legal and aboveboard way, how others do 
something better than you do -so you can 
imitate -and perhaps improve upon -their 
techniques” (p. 427). 

To understand the issues with today’s solutions 
and positioning of the rear belt benchmark 
was done by reviewing the top competitors on 
the market. To investigate how some solutions 
work in detail, the automotive benchmarking 
website a2mac1.com was used. The benchmark 
was done at several retail car dealers in the 
area of Gothenburg. The top competitors that 
were reviewed were Audi, BMW, Mercedes-
Benz, Porsche, and Volkswagen.

All cars with the rear outboard seatbelts not 

where the quantity of ideas is transformed into 
quality ideas by combining features, sort and, 
develop concepts weaknesses. The last stage, 
finalization is where the concept is being well 
defined and tested.

Hans-Christoph Haenlein, Director of Proto-
typing at IDEO describes a three-stage view 
of prototyping: At the beginning of a project, 
several prototypes are developed to inspire 
ideas. Then a small number of them are 
iteratively developed to resolve more focused 
design questions. In these two first stages, 
project specification is derived from the 
prototypes. In the last stage of the project, 
complete prototypes are built to validate the 
design specification (Hartman, 2009). 

A similar process to that Hans-Christoph 
Haenlein describes in Hartman’s (2009) thesis, 
was applied in the current project. Prototypes 
created early with the intention to explore the 
problem and inspire solutions. But also, with 
the aim to create a project specification and 
aid in the creation of a product requirement 
specification. In the final stages of this project, 
the prototypes were used as a tool to validate 
the result

4.3 CONTEXT IMMERSION 
The following sub-chapters describes the 
methods that were implemented in the context 
stage of the current project (Figure 34).

Figure 34. The process of context immersion.
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Design for six sigma is a method with a variety 
of tools that can be used to prevent errors from 
occurring (Korpela, 2019). The goal is to create 
Robust Design that is insensitive to noise 
factors (Korpela, 2019). We chose two tools in 
the aid of analyzing the seat belt system of the 
car; Boundary diagram and P-diagram.

Boundary diagram is a tool used to gain an 
understanding of the interactions to other 
systems. It can be used to evaluate each 
interface with other systems (Korpela, 2019). 

The P-diagram is a tool that can be used to 
identify signal (input) and response (output) 
associated with the design concept. The job 
of the designer is to select appropriate control 
factors and their settings so that the output 
does not deviate too much from the ideal, at a 
low cost (Korpela, 2019). 

These tools were used to gain a better 
understanding of the seat belt systems. They 
were constructed with a hypothetical solution 
to help visualize the system with the solution in 
place. The templates in the ‘A guide of how and 
when to use Design for Six Sigma’ by Korpela 
(2019) were used to create both diagrams. 
They helped in identifying several noise 
factors that always had to be considered when 
brainstorming throughout the project.

4.3.4 ANTHROPERSONAS
According to Wikberg Nilsson et al. (2017) a 
persona is a fictional description of a person in 
the target group. The persona is based on the 
material gathered in the context analysis of the 
users. It may include data, statistics, interviews, 
observations etc. The persona method is used 
to put focus on a description of a primary user, 
rather than building the project on a quantity 
of statistics and data. The personas method is 
used to support your empathy with the users 
and their needs.

In the current project, fictional characters 
that represent users were created. The 
fictional characters are similar to the persona 
method but focus on body measurements 
and specific requirements for traveling in 
the rear seat. These fictional characters were 
named “Anthropersonas”. The anthropersonas 
measurments are based on anthropometric 

relinked via the c-pillar were of interest. 
Pictures were taken and the car model was 
noted. It was examined if the shoulder belt 
could be adjusted. If the shoulder belt could be 
adjusted, it was examined if the occupants had 
to do it themselves or if it was automatic. The 
intention of the benchmark was to be inspired, 
copy or build upon solutions of steering/
redirecting the seat belt into a preferable crash 
position in the rear seat.

In addition to investigating redirecting 
solutions, belt position was analyzed. we sat 
down in the cars and took note on where they 
perceived the belt to be positioned according to 
Figure 35.

The idea was to compare comfort against the 
rating of chest and neck test results in the 
EuroNCAP to see if there is any correlation 
between them. The hypothesis was that cars 
with position 3 would have a lesser rating than 
cars with position 1. The method proved to be 
too uncertain and the data too few to yield any 
valid results.

4.3.3 SEAT BELT SYSTEM ANALYSIS
We received a short introduction to design 
for six sigma (DFSS) at VCC. During the 
introduction, we received the booklet ‘A guide 
of how and when to use Design for Six Sigma’ 
by Korpela (2019) which contains tools for DFSS. 

Figure 35. Perceived belt position
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4.3.6 OBSERVATIONS
Observations are a diverse set of methods 
implemented to get a deeper understanding 
regarding human behavior and to identify user 
needs in a specific setting (Wikberg Nilsson et 
al., 2017). 

In the current project, the observations varied 
from five minutes up to one and a half hour and 
consisted of eight observations in two different 
cars, an older Toyota Corolla and a newer 
Volvo XC60. The aim of the observation was to 
discover different behavior and misuse of the 
seat belt.

There were 7 participants in the observations. 
During the observation, the observer took 
notes on the occupant’s position and asked 
why the participant was doing different things 
in a certain way, such as moving the belt in 
a specific direction, etc. The notes from the 
different observations were compared to each 
other to identify patterns in user behavior. 
Dangerous behavior patterns that could be 
identified were then used when ideating and 
making decisions in the project.

4.3.7 LITERATURE REVIEW
The theoretical framework in this article 
was created by using the method literature 
review as explained by Milton & Rogers (2013). 
This method is used to ensure the reliability 
of the conducted information and research. 
It is important to have an open mind when 
collecting information and be critical of the 
source’s intention reliability (Milton & Rogers, 
2013). 

The process of the literature review method 
explained by Milton & Rogers (2013) is divided 
into five steps; Research question/problem 
formulation, Data collection, Data evaluation, 
Analysis and interpretation and lastly, 
Literature review presentation. 

The searches for literature were made in Luleå 
University of technology’s library search engine, 
which provides access to several databases 
with peer-reviewed articles and e-books. To 
get e general overview of a topic and aid in the 
search for sources, Google and Wikipedia were 

data from two Hybrid III (H3) crash test 
dummies, and one Q-series crash test dummy. 
Their needs are based on the user survey. 
Three personas were created based on the 
data of H3 95th percentile male, 5th percentile 
woman, and Q10 10-year old child. They were 
used to evaluating the daily comfort and crash 
geometry, which is necessary information for 
this project in order to secure all occupants 
safety and comfort when traveling in a Volvo. 
They were also frequently used in discussions 
when making design decisions.

4.3.5 USER SURVEY
User surveys are time and cost-efficient way 
of acquiring a large amount of information 
(Bourque & Fielder, 2003). The reason for this 
is that there is no need for an interviewer. 
Bourque & Fielder (2003) argues that the self-
administrated surveys must be short for the 
responder to complete the whole survey. 

According to Wikberg Nilsson et al. (2017) user 
survey is a method used to gather quantitative 
data. Quantitative data collection is used in 
a project to understand and learn more. The 
quantitative data can be used as a base to make 
decisions.

In the current project, a user survey was created 
and conducted using the Google form tool. The 
survey was published on Facebook, LinkedIn, 
and on a thread at familjeliv.se in order to get 
diverse responses. The survey took about three 
minutes to complete and the answers on the 
questions varied between text and alternatives/
checkboxes (see appendix A). The questions 
focused on how the comfort is perceived and 
if people adjust the seat belt or not. The survey 
was interactive in that sense that the answer to 
some questions would trigger further questions 
on the same topic. The survey therefore 
varied between 5 to 16 question depending on 
the answers provided. A total of 180 people 
answered the survey.

The aim of the user survey was to investigate 
how occupants use the seat belt system today 
and how they think they will use it in the future. 
But also, to see how different demographics 
perceive the comfort of current seat belt 
systems.
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4.4.1 PRODUCT REQUIREMENT SPECIFICATION 
The product requirement specification 
(PRS) is a definition of identified standards, 
legal requirements, rules and guidelines, 
requirements and needs (Wikberg Nilsson et 
al., 2017). The product requirement specification 
has evolved throughout the whole project and is 
based on all gathered information and insights 
from previous event, which Wikberg Nilsson et 
al. (2017) states is necessary when developing a 
safe, attractive and useable product. The PRS is 
useful to help the designers to work towards a 
common goal and it is formal documentation of 
the expected outcome of the product, and lastly, 
it could be used when evaluating concepts 
(Wikberg Nilsson et al., 2017). 

The requirements were based on information 
gathered through the project. More specifically, 
the requirements were based on information 
from the stakeholder analysis, the literature 
review, laws and regulations, insights from 
experts at the restraints department at Volvo, 
and the user survey. The PRS consisted of 7 
requirements in total.

Each requirement was also appointed a weight 
so that they could be used when evaluating 
concepts. Both team members choose a weight 
for each requirement and then the average of 
the two was appointed.

4.4.2 BRAINSTORMING
The goal of brainstorming is to generate large 
quantities of ideas (Wikberg Nilsson et al. 2017). 
The method is based on that the participators 
creative potential is stimulated by sharing 
and partaking in the other participant´s ideas. 
According to Kalargiros & Manning (2015), the 

used. Some non-published material and reports 
regarding car crashes and car safety systems 
were provided by VCC.

Search words: ”injection molding eco-plastic”, 
injection molding degradable, injection 
molding bio*, “injection molding bio*”, 
“biopolymer* molding”, biopolymer* injection 
molding, bio* injection molding, biodegradable 
substitute polymer molding, biopolymers, 
plastic* vehicle*, industrial design engineering, 
safety systems car, restraint system car, 
anthropometry, body measurements technique, 
alternative* percentile*, user survey, user 
survey techniques, observation*, UX, user 
experience, PMA, pugh matrix analysis, FMEA, 
rapid prototyp*, prototyp* product development, 
benchmark*, Usability, human-centered 
design, user-centered design, Pros and Cons, 
Evaluation techniques, UCD, HCD.

4.4 IDEATION
The ideation consists of several ideation 
methods amongst brainstorming, brainwriting 
6-3-5, crap-ups (fast mock-ups or “crappy 
mock-ups”), etc. The idea generation sessions 
contained different participants, everything 
from people who never actively seen a belt 
guide to people which is experts within the 
field, this to create a broad base of diverse ideas 
from different perspectives. Most sessions were 
held at the conference rooms at Volvo cars 
Gothenburg, Sweden. 

At the end of the ideation stage, 7 concepts, had 
been conceived. They did not have any detail 
design but worked on a principle on how to 
solve the problem. The 7 concepts would then 
proceed to evaluation in the next stage.

Figure 36. The process of ideation.
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to “Brainwriting 4-2-5”, which involved 4 
participants which task was to sketch a 
minimum of 2 ideas every 5 minutes, and then 
pass on the ideas to the next participant as is 
illustrated in Figure 37. The change from 3 to 2 
ideas was to reduce the pressure on creativity. 
The topics for the Brainwriting 4-2-5 were 
“Solutions for reclinable seats” and “Comfort 
without compromising on safety”. The result 
was several ideas sketched on paper.

4.4.4 CRAP-UPS
A crap-up (crappy mock-up) is an early 
prototype which is built faster and with less 
precision than a regular mock-up. A mock-up 
is a full-scale prototype with the aim of testing 
the function and ergonomics (Wikberg Nilsson 
et al., 2017). In the current project, the crap-up 
prototypes were built with easily accessible 
materials. The crap-up method was used as 
an ideation method to widen our ideas and 
enabled us to investigate early ideas and their 
future mechanics and develop new ways of 
thinking while doing it.

The method gave instant feedback on what 
worked and what did not. Three examples are 
shown in Figure 38 on page 30. For example, 
the method gave a lot of insights on the position 
and angle of the retractor and the belt. 

4.4.5 COMPUTER-AIDED DESIGN
Computer Aided Design (CAD) is a tool that 
streamlines the process (Wikberg Nilsson et 
al., 2017). However, Wikberg Nilsson et al. (2017) 
states that there may be a risk when using 
CAD in early stages because the product could 
be experienced as “too finished” and not re-
workable. Hence users and stakeholders might 
think that it is already too late to give feedback. 
Therefore, the 3D-models that were modeled in 
the beginning were just focused on the function 
and not the aesthetic appearance of the product. 

The concepts were created and visualized using 
Siemens NX for solids and Autodesk Alias for 

first ideas in a brainstorm session tends to be 
the first that comes to mind and are therefore 
the most common and unoriginal.

Brainstorming has been used as a creative 
method throughout the whole project, 
both structured and non-structured. Some 
sessions have had an initial topic in a creative 
environment and other sessions have been 
less formal, and the ideas have been sketched 
on checked paper used for mathematics and 
calculations.

Osborn (1967) argues for the importance of 
following the instructions when using the 
method brainstorming. The instructions are 
essential for the outcome of the session and 
Osborn (1967) describes the rules as following:

“(1) Criticism is ruled out. Adverse judgment 
of ideas must be withheld until later. (2) “Free-
wheeling” is welcomed. The wilder the idea, the 
better; it is easier to tame down than to think up. 
(3) Quantity is wanted. The greater the number 
of ideas, the more the likelihood of useful ideas. 
(4) Combination and improvement are sought. 
In addition to contributing ideas of their own, 
participants should suggest how ideas of others 
can be turned into better ideas; or how two or 
more ideas can be joined into still another idea.” 
(p.156). 

The brainstorming sessions held in this project 
has encouraged quantity over quality and crazy 
ideas in order to pick some interesting element 
from those ideas. The crazy ideas are good for 
the variety and if needed the ideas were tamed 
down instead of thinked up, as Osborn (1967) 
expressed it.

4.4.3 BRAINWRITING 6-3-5
The method Brainwriting 6-3-5 was developed 
as an alternative to the method Brainstorming 
and developed by Bernd Rohrbach in 1969 
(Wodehouse & Ion, 2011). The name indicates 
how it is performed, 6 participants sketches or 
writing 3 ideas every 5 minutes. After 5 minutes 
the participants pass on their paper with the 
ideas to the next participant which task is to 
develop the initial ideas further or use them as 
inspiration (Wodehouse & Ion, 2011).

This method was applied and modified 

Figure 37. Illustration of the Brainwriting 4-2-5 method.
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4.4.7 WORKSHOP WITH EXPERTS
A workshop was held where we invited all the 
people from our department who are experts 
within the field (Figure 39). They were divided 
into four groups and their mission was to 
create a dream scenario with the restriction 
that we still need the seat belt as a primary 
restraint system and that we are traveling in 
a forward direction. They had 20 minutes to 
their disposal to create the dream scenarios 
followed by approximately five minutes each to 
present their vision and afterward a discussion 
was held regarding the different visions. The 
method used is based on “A Day in Heaven” 
(Törlind & Ericsson, 2010). According to Törlind 
& Ericsson (2010), this method should be 
used after identifying the problem, however, 
all participants in the workshop were well 
informed and aware of the problem since they 
are experts within the field. “A Day in Heaven” 
is used to expand the scope and explore topics 
(Törlind & Ericsson, 2010).

The method resulted in a variety of ideas written 
or drawn on paper that we collected after the 
workshop. Some ideas were later developed 
further, for instance, the idea “magnetic belt” 
describe further in “5.1.2 Principle Solutions 
and Concepts” on page 39. The method gave 
solutions to the problem rather than expanding 
the scope. Perhaps due to the participants being 
a very solution-oriented crowd.

creating more complex shaped surfaces using 
the free form modeling tool. The reference 
surfaces, which are the whole rear seat of the 
Volvo V60, are extracted and converted from 
Catia into Siemens NX and Autodesk Alias 
to locate the available space and area which 
enables the concept to fit properly in the 
reference car (Volvo V60).

4.4.6 RAPID PROTOTYPING
Rapid prototyping (3D-printing) was used in all 
stages of this project. One of the major reasons 
for using rapid prototyping this early in the 
project was the lack of workspace at Volvo 
that would allow us to make any other kind of 
prototypes in the beginning. Rapid prototyping 
was first used to enable different positions 
of the seat belt retractor as well as building a 
base plate on which it was possible to attach 
previously mentioned crap-ups. 

Later in the project, concepts were 3D-printed 
and evaluated. Flaws in the concepts were 
discovered and then modified to be printed 
and evaluated again. In some cases, several 
prototypes of the same concept were printed at 
the same time but with small differences in one 
parameter, for instance with several different 
radii. This was done to evaluate how the radius 
affected the performance of the concept.

Figure 38. Crap-ups
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Figure 41. Process of prototyping.

The process of going from idea to crap-up to 
polyurethane foam concepts to CAD and Fused 
Filament Fabrication-models (FFF-models) 
was used as an iterative process and involves 
prototyping and continuous evaluation work 
throughout the whole project. This process is 
illustrated in Figure 41 .

4.5 IMPLEMENTATION
The focus during the implementation stage 
was to develop the ideas we found plausible 
from the previous stage into concepts. The 
advantages and weaknesses of these concept 
were then identified. This was then followed by 
concept evaluating, combining and selection of 
the strongest concept/concepts for finalization. 
The methods used in this stage are presented 
in chronological order in Figure 40.

4.5.1 PROTOTYPING
The prototyping and models built had 
different uses as previously described and 
the prototyping has been an ongoing event 
throughout the whole project during all stages. 
The first prototypes after the crap-up prototypes 
were made in polyurethane foam to investigate 
different forms, size and their mechanics 
relatively quickly. After an idea had been 
investigated and modified numerous times in 
polyurethane foam, the prototype/concept was 
constructed in CAD. The constructed parts were 
then sent to the Concept Centre at Volvo Cars 
Gothenburg, where they were 3D-printed. The 
parts were then mounted, tested and evaluated 
in the reference car: a Volvo V60 half body.

Figure 39. One of the groups trying to create their dream scenario.

Figure 40. The process of implementation.
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(Soft) was also chosen for further development 
as well since it was different from any other 
solutions seen on the market today. 

4.5.4 PUGH MATRIX ANALYSIS
Pugh Matrix Analysis is a method for weighting 
the requirements (Cervone, 2009). Cervone 
(2009) divides Pugh Matrix Analysis into seven 
steps, firstly the requirements are chosen. 
Secondly, choose which concepts will be part 
of the matrix and be compared followed by 
drawing the matrix. When this is done the 
stated requirements are weighted. 

The task of weighing the requirements 
is critical when each requirement has a 
different importance. Cervone (2009) suggests 
that a proven method for this is to allow 
all participants to weighing the different 
requirement individually and, in the end, 
calculate an average score. Depending on the 
amount of requirement different amount of 
points will be distributed over the requirements, 
Cervone (2009) argues that 10 points are 
commonly used but need to be increased when 
working with a larger number of requirements. 

The next step is to choose a concept that will 
work as a reference, in our case it was the older 
version of the belt guide to verify that the new 
concept is better. Step six consists of filling 
in the form, which is done by comparing the 
concept with the reference concept and if the 
concept fulfills the requirement better, worse or 
the same it scores +1, 0 or -1. This score is later 
multiplied with the weighted requirement in 
the last step.

We used the requirements and their weight 
from the product requirements specification in 
the pugh matrix. The concepts, Soft and Ridge, 
both scored more than the current solution. Soft 
however only slightly. This result worked as 
validation that these two concepts were worth 
developing further.

4.6 FINALIZATION
In the last stage, two concepts remained for 
finalization. The concepts were Ridge and Soft. 
The finalization process was different for each 
concept and are described in this chapter. The 
methods used in this stage are presented in 
chronological order in Figure 44 on page 33.

4.5.2 PROS AND CONS
The project members wrote down pros and cons 
about the different ideas/concepts (Figure 42). 
The goal was to start a discussion and identify 
potential flaws in the solutions. Then to solve 
these flaws with each concept or dismiss the 
concept.

Before writing down pros and cons, eight 
ideas, all based on a principal solution, had 
been defined. During the method, we discussed 
pros and cons for each concept and decided 
on three concepts we found to be better than 
the others. A new idea (“concept Soft”) was 
developed during this method as well, making 
it four concepts that were picked to be further 
evaluated by experts.

4.5.3 EVALUATION AND EXPERT ANALYSIS
An evaluation and concept ranking meeting 
with experts from different fields was held 
where they first were introduced to our project 
description and how the description has 
developed during the project. The different 
concepts where presented both verbally 
and handed out on flyers (see appendix C). 
Afterward, they got a form (see appendix D) 
where they individually ranked each concept 
and comment on pros and cons followed by 
a discussion about the result. It was a total of 
eight participants from the department of 
ergonomics, car safety and restrains. 

The participants of the meeting agreed on 
one concept (“Moving Ridge”) being better 
than the others, even though a few thought it 
was impossible to develop. This resulted in us 
picking this concept for further development. 
After further development, Moving Ridge 
changed name to Ridge since the concept was 
stripped of moving parts. A second concept 

Figure 42. Pros ‘n’ Cons
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position was also moved up (Z direction), 
by hand, from its original position. The 7 
prototypes of concept ridge were tested with 
the same occupant.

4.6.3 DETAIL DESIGN
The concepts were designed to fit the interior of 
a Volvo V60 (Figure 46 on page 34). Concept 

4.6.1 TESTING AND VERIFICATION
The concepts were installed in a car to evaluate 
how well they worked (Figure 43). Different 
people were asked to sit down in the seat 
and buckle up. The participants were then 
asked how they perceived the belt and then 
we evaluated how the belt positioned itself on 
them. In addition to actual humans, crash test 
dummies were placed in the seat and buckled 
up. Restraint experts participated in this 
evaluation to help estimate how well the belt 
positioned itself on the people sitting in the car 
and the crash test dummies. 

One of the concepts is dependent on how tall 
the backrest is. The people and the dummies 
sitting in the car sat both in the seat normally 
and with a wooden plate placed under them to 
simulate different heights of the backrest. In 
total 11 people sat down and buckled up with 
both concepts, with and without the wooden 
plate. The two crash test dummies were of the 
type Hybrid III 5th female and Q10 (teen-year 
old) on a Volvo booster seat. The wooden plate 
was 20 mm thick.

For the concept to be considered acceptable, it 
had to not produce a dangerous or questionable 
belt geometry in any of the trials. The method 
showed that that the concept worked as 
intended without exception. Most importantly 
the concept always produced a favorable seat 
belt geometry for all the 11 participants and 
the 3 dummies. Some of the test subjects were 
photo’d and are presented in Appendix E.

4.6.2 TUNING THE PARAMETERS OF CONCEPT RIDGE
Parameters like surface position, radius 
(Figure 45), and retractor position affects the 
performance of concept Ridge. To evaluate how 
they affect the concept, 7 different versions of 
concept ridge were 3D-printed. The retractor 

Figure 44. The process of finalization.

Figure 45. Three different radii on concept Ridge.

Figure 43. Evaluation of concepts 
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revealed the problematics of letting the users 
adjust the height of the seat belt themselves, 
which became a deal breaker when evaluating 
some concepts and the principle solutions later 
in the current project. The amount of responses 
is enough in general to draw some conclusions, 
such as shorter people, in general, thinks the 
seat belt is more uncomfortable. However, it 
could have been valuable for us to be able to 
contact the people in the user survey when we 
had further questions, for example, why people 
that suffered from the belt rubbing against their 
neck did not adjust the seat belt even when it 
was possible, etc. 

4.7.2 IDEATION
The brainstorming and ideation sessions 
continued throughout the whole project. 
However, we could have involved more people 
with other perspectives even more during 
the ideation stage, even though we had 
some sessions where people with different 
perspectives were involved, for example, the 
workshop and the brainwriting. As a result, 
maybe it could have brought valuable ideas 
and questions regarding the solution and 
contributing to a deeper understanding if the 
people invited to the sessions had experienced 
some problems with the seat belt system. 

In the current project, CAD was used very early 
on. Wikberg Nilsson et al. (2017) states that there 
may be a risk when using CAD in early stages 
because the product could be experienced 
as “too finished” and not re-workable. After 
discussion, we concluded that it should not be 
a big problem since the people affected by the 
project at Volvo Cars are used to prototypes 
being made in CAD and 3D-printed in all stages 
of the design process. They should, therefore, be 
inclined to provide feedback on concepts and 
prototypes nonetheless. 

4.7.3 IMPLEMENTATION
Focus during the implementation stage was to 
develop the concepts further and to identify the 
advantages and weaknesses of the concepts. 
Followed by concept evaluating, combining and 
selection of the best concepts. Since we had a 
hard time eliminating concepts, we wrote pros 
and cons on post-it of all concept and tried 
to develop their weaknesses and combining 
the strongest features. Perhaps we could had 

Ridge was designed to have smooth transitions 
between the concept and the rest of the interior. 
Ridge ‘seat surface’ part was designed to replace 
and integrate the seat locking mechanism 
cover that sits on top of the seats today.

Concept soft were designed to be installed in the 
place where the current belt guide is installed. 
Some minor adjustments were also made based 
on the critique concept Soft received in the 
during testing.

4.7 METHOD DISCUSSION
With the result in hand, we here present what 
methods went well and what could have been 
done differently to achieve a better result. 

4.7.1 CONTEXT IMMERSION
The observations that were done to discover 
different behaviors in the rear seat were done 
without filming the occupant. If we had been 
filming the occupant, we could have translated 
behaviors in the videos to statistics and have 
hard numbers on how common the different 
behaviors are. However, for the statistics to 
be reliable we would have been needed to do 
a larger number of observations, which was 
not possible due to the time limit. Since it 
is common for smaller people and children 
to travel in the rear seat it would have been 
valuable to do observations with them as well, 
but since it was hard for us to get these people 
on short notice we had to complement with 
these occupants later in the project.

Our user survey with around 200 responses was 
valuable for us in order to get hard numbers on 
which people who suffered from discomfort 
of the seat belt and why. The user survey also 

Figure 46. Concept Ridge with surrounding parts in NX.
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It should be noted that small differences in 
how the belt is placed on the dummy when 
performing the test have the potential to 
significantly affect the outcome of the test. If 
the belt is intentionally placed in the outboard 
position, this could lead to less than optimal 
performance. Therefore, when placing the belt 
on the dummies we had to be extra careful to 
place the belt in it’s most “natural” position. 
Figure 47-48 shows how much the belt position 
can vary, depending on how you place it during 
a test

invited more people to this event but then we 
had to thoroughly present all concepts for 
them, instead we invited them to the evaluation 
and expert analysis where we presented only 4 
of the concepts. During the evaluation-meeting, 
much time was spent on discussing where the 
different concepts are placing the shoulder seat 
belt on the occupant rather than evaluating 
the concepts themselves. This was not the 
intention since all concepts could be tuned 
to have an inboard or outboard shoulder belt 
position regardless. 

The last evaluation method we used was 
the Pugh matrix analysis. The result of the 
matrix needed to be analyzed a couple of 
times and experimented with to see how the 
result was affected by different weights of 
the requirements etc. since it looks like hard 
numbers, but the result could be totally different 
by changing the weight of the requirements or 
the rating of the concepts. Altogether, with all 
evaluation methods and also other previous 
events in mind we had a solid foundation when 
selecting which concepts that were taken for 
further development and finalization.

4.7.4 FINALIZATION
When we performed the tests on the concepts, 
we could have made a form where they could 
have filled in their perceived user experience 
and thoughts about the concepts. When taking 
photos of occupants when they were using 
the concepts, not all photos were taken from 
the same angle. It would have been better to 
create some sort of standard position, angle 
and distance from the car body that was used 
during the tests to easily review and compare 
the different parameters of the concepts. From 
the photos and the form, hard data on how it is 
affecting the position of the shoulder belt and 
user experience could have been extracted. The 
tests could also have included notes regarding 
the exact seat belt positions on the Ridge as 
well as the measurement of the occupant, 
which is suggested as future work in chapter 6.

Figure 47. Outboard shoulder belt position on a Q10 
dummy.

Figure 48. Inboard shoulder belt position on a Q10 
dummy.
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5 RESULTS
The result of each stage and event is presented 
and divided into four subchapters. Since the 
result of context immersion is presented 
earlier this chapter contains the three other 
subchapters, Result of ideation, Result of 
Implementation, and Final Result.

5.1 RESULTS OF IDEATION
The ideation stage has contributed with over 
100 ideas with great diversity and in Figure 49 
some of the sketched ideas are represented.

The ideation stage has consisted of lots 
of prototyping and crap-up prototyping to 
generate ideas. Prototyping has also been 
used to investigate early ideas and their future 
mechanics and develop new ways of thinking 
while doing it. The prototyping has also been 
used as a method for sorting and choosing 
concepts, meaning that some ideas became 
clear that it was not feasible or did not work 
in reality even if it looked promising on paper. 
All prototypes were tested in the car body that 
is seen in Figure 50 on page 37 which also 
displays some of the prototypes that were 
tested. 

Figure 49. The compiled sketched result of ideation.

Picture by Victor Hansson
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Figure 50. Car body, 3D-models, and 
prototypes
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the rear seats, these become the guidelines for 
whom to design for in the current project.

COMFORTABLE FOR ALL USERS
Both Bidez & Syson (2001) and Bohman et al. 
(2011) argues that child occupants tend to lean 
away from or move away from the shoulder 
belt if it becomes uncomfortable. This is a form 
of misuse that can lead to the restraints not 
working as intended. So for the seat belt to work 
properly, it needs to be comfortable for all users 
in order to be used in the correct way.

RISK (MISUSE)
Misuse can result in the seat belt not working 
as intended. Any type of misuse needs to 
be discouraged to minimize the risk of the 
occupants not using the seat belt as intended.

RISK (MALFUNCTIONING)
The seat belt system needs to work as intended 
to ensure the safety of the occupants. The belt 
always needs to retract to reduce slack in the 
belt. It is required by law in the USA (49 CFR § 
571.209 - Standard No. 209; Seat belt assemblies., 
2019) and therefore there cannot be any risk of 
the seat belt getting stuck. 

5.1.1 PRODUCT REQUIREMENT SPECIFICATION (PRS)
The requirements are based on all previous 
tasks and events and the result is compiled in 
Table 2 and in addition to the requirements a 
more detailed description is presented together 
with the event or information that the specific 
requirement is based on. Lastly, the weight of 
the requirement is presented in the column to 
the right.

SAFE
As described in the stakeholder analysis VCC 
put high demands on safety. Safety is a part of 
Volvos brand considering their vision of no one 
should be killed or seriously injured in a new 
Volvo by 2020. With a vision like this, safety is 
of highest importance.

RATING
Besides having a potential effect on sales, the 
rating that a car receives in EuroNCAP is also 
an indication of the safety of a car. EuroNCAP 
runs independent safety test and rates cars 
according to how safe they are. Since they 
have the possibility to affect sales of a car it 
is important to score high in their tests. Since 
they use a 5th percentile woman (crash test 
dummy) and a 10-year old crash test dummy, in 

Table 2. Product Requirement Specification

Requirement Description From/Based on Weight*

Safe Provide a safe crash and seat 
belt geometry for a 5th percentile 
woman, a ten-year-old child, and a 
95th percentile man

VCC requirements and stakeholder 
analysis

9

Rating It should get a five-star rating at 
EuroNCAP test

Department of Safety 8

Comfortable for all users It should suit all potential users 
meaning a 5th percentile woman, 
a ten-year-old child, and a 95th 
percentile man

Observations, user surveys, 
literature review and department of 
ergonomics

5

Risk (Misuse) No risk of misuse Observations, literature review and 
department of safety

3,5

Risk (Malfunctioning) No risk of malfunctioning in an 
event of a crash or getting stuck 
during daily usage 

Department of Safety and legal 
requirement 

7

Intuitive The interaction should be intuitive 
(or non–existent)

User surveys 2,5

Adaptive Should be scalable to fit different 
car models

Stakeholders (Department of 
Design)

2

*The weight is based on the opinion of the project members, as described in chapter 4.4.1.
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LOOP GUIDE
A loop (Figure 52) mounted in the seat keep 
the belt in a comfortable position. In the event 
of a crash, the loop moves as a result of the 
increased tension in the belt. The loop moves 
the belt into a safer position. The loop could be 
made adjustable but would always move to the 
safest position in the event of a crash. Should 
the belt retractor be placed in the seat, this 
solution could work for a reclinable seat.

MOVING RIDGE
A ridge (Figure 53) that is automatically 
adjusted by positioning the seat belt in different 
positions over the ridge depending on the 
occupant height. It keeps the belt in a position 
that the occupant finds comfortable and in the 
event of a crash the whole ridge moves towards 
the occupant neck, which is the safest. The 
movement is triggered by the pretensioner. 

INTUITIVE
As seen in the user survey, many occupants 
do not adjust the belt correctly. Therefore, 
the solution must encourage the use of its 
adjuster (if any) and be intuitive enough for the 
occupants to adjust correctly without any prior 
training.

ADAPTIVE
As described in the stakeholder analysis, 
the solution needs to be adaptive to different 
environments (car models) and appearances. 

5.1.2 PRINCIPLE SOLUTIONS AND CONCEPTS
The final result of the ideation stage was eight 
early concepts, Figure 51-Figure 58, based on 
different principle solutions. The principles 
are based on how the solutions work, if the 
solutions have moving parts or not and when 
and how it is moved. 6 different principles were 
identified:

1. No adjusting
2. Automatically adjusted when seated
3. Manually adjusted when seated
4. Adjusted in event of a crash
5. Manually adjusted when seated + Adjusted 

in event of a crash
6. Automatically adjusted when seated + 

Adjusted in event of a crash

When the solution is adjusting in event of 
a crash the movement is triggered by the 
pretensioner. The idea of using the pretensioner 
as the trigger of the movement of the belt is 
based on letting the seat belt take the closest 
way from the retractor over the back of the seat 
and to the buckle. 

STRAP
A simple leather strap (Figure 51) keeps the belt 
in a comfortable position. The strap will release 
the belt in event of a crash or a hard brake. 
The leather strap could be developed to be 
adjustable to better fit all occupants. Regardless 
of the adjusted position, the belt will always 
move to the safest position in the event of a 
crash, due to the release function. This solution 
could work for a reclinable seat if the seat belt 
retractor is placed in the seat.

Figure 51. Concept Strap based on principle 4. 

Figure 52. Concept Loop Guide based on principle 4
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FLEXIBLE
A semi-rigid “tube” (Figure 54) keeps the belt in 
a comfortable position. If the tension in the belt 
increases the tube will flex and thus move the belt 
into a safer position. The idea is to make the ‘tube’ 
express both luxury and safety. Making the user aware 
of Volvo’s extra safety. This could be used as a selling 
argument.  As a suggestion, the tube can be covered 
in leather on the outside and a slippery surface or 
durable plastic components making a “spine” on the 
inside. 

Figure 55. Concept Step based on principle 5.

SPRINGBOARD
A spring-loaded slanted surface moves the 
belt to a comfortable position (Figure 56). The 
surface will move down (in a rotating motion) 
to allow the belt to move into a safe position in 
the event of a crash. 

Figure 54. Concept Flexible based on principle 4. Figure 56. Concept Springboard based on principle 4.

STEPS
An arm, that can be adjusted, keeps the belt in a 
position that the occupant finds comfortable. In 
the event of a crash, the arm (Figure 55) moves 
into an inner position which is the safest. The 
movement is caused by the increased tension 
in the belt caused by the pretensioner.

Figure 53. Concept Moving Ridge based on principle 6
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MAGNETIC FLEXIBLE
The belt passes through a tube containing 
iron (or steel) components (Figure 57). In the 
panel next to the tube magnets are fitted. 
The magnets strive to hold the tube close 
to the panel and thus moving the belt into a 
comfortable position. In the event of a crash, 
the force of the pretensioner will exceed the 
power of the magnets and the tube will break 
loose from the panel and thus moving the belt 
into a safer position.  

MAGNETIC BELT
The panel next to the belt contains magnets 
(Figure 58). The belt has steel threads woven 
into it. The panel attracts the belt, moving it into 
a comfortable position. In the event of a crash, 
the force from the pretensioner will cause the 
belt to break loose from the panel and move the 
belt into a safer position. 

In electric vehicles, heating the occupants of the 
car is a bit different from fossil-fueled vehicles. 
In fossil-fueled vehicles, heat is a byproduct of 
the engine to a much larger extent than in an 
electric vehicle. In an electric vehicle, it is more 
efficient to heat up the occupants by heating 
the seat, steering wheel and, perhaps, the seat 
belt. With integrated heat elements in the seat 
belt, it might contain steel and therefore react 
to magnets.

Figure 57. Concept Magnetic Flexible based on principle 4.

Top view:

Figure 58. Concept Magnetic Belt based on principle 4.

5.1.3 PROTOTYPING
In this stage, numerous different prototypes/
concepts and setups have been done and tested. 
Some of the prototypes and their development 
are presented in Figure 59 on page 42 and 
Figure 60 on page 43.

In Figure 60. a small part of the development 
of concept Flex is presented and it shows both 
how the concept is developed, and also how the 
prototypes are getting more and more defined 
and less ‘crappy’.
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Figure 59. The ideation prototyping of the build plate and seat belt retractor fixture.
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5.2.1 PROS AND CONS
This event resulted in a decreased number of 
concepts from eight to three concepts and a 
new concept was created, Soft (Figure 61). Soft 
is based on principle 1 where the belt is static in 
its position, and the solution is a soft tube with 
the advantage of being comfortable even when 
it is located close to the occupant’s neck. 

Many of the concepts were based on principle 
4, which is the principle of moving the belt 
from a comfortable position to a safer position 
in the event of a crash. However, this principle 
has been identified to be poor when it comes 
to fitting all users because it only allows one 

5.1.4 REFLECTIONS
The affect of having both occupant-adjusted 
belt position while at the same time having the 
function of moving the belt in the event of a 
crash might have some advantages. We assume 
that moving the belt to an optimal position 
(close to the neck) before the crash is even 
better than letting the pretensioner move the 
belt into this position. This would result in high 
Euro NCAP result scores since the belt can be 
adjusted to a safe position before the test. At the 
same time, the users can move the belt should 
they feel uncomfortable without compromising 
the safety too much, since the shoulder belt 
would move to the safest position in case of a 
crash anyway. 

The initial project description was to move 
the belt from a comfortable position to a safe 
position in the event of a crash. That is why 
principle 4 is over-represented. The project 
description has evolved during the project and 
were later on reformulated to (in short) develop 
a solution which allows both comfort and safety 
for the occupants.

5.2 RESULTS OF IMPLEMENTATION
This chapter contains the results from different 
evaluation methods used together with the 
development of the concepts. 

Figure 60. The ideation prototyping of concept Moving Ridge.

Figure 61. Concept Soft based on principle 1.
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contrast to the department of safety, that wants 
the seat belt closer to the neck than might be 
perceived as comfortable for some users. As 
a result of this, the department of ergonomics 
ranked the most comfortable concept the 
highest and the department of safety ranked 
the safest concept the highest. A selection of 
comments on the concepts are presented in 
Figure 63 on page 45.

Since all participants agreed on that Moving 
Ridge was the strongest concept it was obvious 
that Moving Ridge had big potential and 
should be developed further, even though the 
participants thought it would be a challenge to 
make the self-adjusting feature to work.

Concept Soft was brought for further 
development since it was something different 
and new with the advantage of being 
comfortable for all users even though it only 
allows one position. 

5.2.3 PROTOTYPING
The development of concept Moving Ridge, as 
from now changed name to Ridge since the 
Ridge concept was striped of moving parts, is 
presented in Figure 64 on page 46.

A new prototype of concept Soft was sewed 
and constructed for testing the usage and 
the aesthetics of the concept (Figure 62). For 
someone who is used to grabbing the seat belt 
higher up, it is a problem because this concept 
only allows for the user to buckle up using the 
seat belt tongue.

daily usage position. This is the major reason 
for dismissing most of the concepts based 
on principle 4, together with the risks of 
malfunctioning during hard brakes when the 
seat belt is located too far out on the shoulder. A 
problem with the retraction was identified as a 
problem with Strap and Magnetic Belt because 
of the friction and magnetic power. Concept 
Springboard has the issue of fitting in the panel 
located at the top corner next to the back seat, 
there is not enough space. 

The Loop Guide is the only concept based on 
principle 4 that made it through to the next 
evaluation with the experts. Loop Guide works 
with reclinable seats and it has a good geometry 
in a safety point of view because it is mounted 
on the seat’s backrest. 

Moving Ridge, which is based on principle 6, has 
the potential of fitting all users by being self-
adjusted when seated, which is the strongest 
argument for developing this concept further. 
However, the challenge is to explore and find 
the right geometry of the ridge to make the self-
adjusting feature work. 

The argument for developing concept Steps 
(based on principle 5) further is that it fits all 
users as a result of the manually-adjusting 
feature. However, the negative aspect of this 
concept is that the responsibility of adjusting 
the seat belt correctly falls upon the user, with 
the misuse as a potential consequence.

5.2.2 EVALUATION AND EXPERTS ANALYSIS
The results of the ranking of the different 
principle solutions/concept reveal that all 
participants agreed that the Loop Guide, which 
is based on principle solutions number 4, is 
the weakest concept. The reason is that it only 
allows one static daily usage position, with the 
risk of the seat belt rubbing against the neck or 
being unsafe for some occupants. 

The difference in the rating of the other three 
concepts was almost the same, or at least 
not enough to draw any certain conclusions. 
The different departments had their different 
priorities for example, the department of 
ergonomics was very keen of the comfort, 
which means that they want the position of 
the seat belt to be further out on the shoulder in Figure 62. A prototype of concept Soft.
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Figure 63. Comments on the concepts
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has shown tendencies to be self-adjusting 
depending on the occupant’s height. However, 
the tendencies are very small and it cannot be 
established as fully self-adjusting.

The prototype in Figure 65 on page 47 was 
constructed and used as a reference concept 
since it is very similar to the ones Audi has 
in their cars (Figure 12 on page 8), and it 

Figure 64. The implementation prototyping.
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The concepts, Soft and Ridge, both scored more 
than the current solutions. Soft however only 
slightly. The result shows that the concepts are 
better than the current solutions and therefore 
are worth developing further. 

5.3 RESULTS OF FINALIZATION
Two concepts were developed further with the 
goal of creating working concepts. The two 
concepts are based on two principle ideas and 
can be adjusted and trimmed to fit different car 
models. The working concepts were designed 
to fit a Volvo V60.

5.3.1 CONCEPT RIDGE
The Ridge concept works by having a slanted 
surface placed on top of the seat that ‘guides’ the 
belt into the desired position for the occupant 
(Figure 66 on page 48). It works so that if 
the occupant has a tall torso the shoulder belt 
barely touches the surface and therefore moves 
to its default inboard position. If the occupant 
has a shorter torso the surface moves the belt 
into a more outboard position, as illustrated in 
Figure 68 on page 50. 

The occupant does not have to interact with 
the concept. The Ridge moves the shoulder 
belt automatically to a desired position for the 
occupant when they buckle up. 

The concept consists of two main parts, the 
panel surface and the seat surface (Figure 
67 on page 49 and Figure 69 on page 50). 
Both surfaces are designed to let the belt glide 
smoothly between them. The panel surface is 
the surface that the belt rest upon when not in 
use. The seat surface is the surface that guides 
the belt into the desired position according to 
the occupant’s height.

Bohman et al. (2011) observed that the seat belts 
with a more grabbing effect helps prevent belt 
slip-off. Ridge allows for placement of the belt 
retractor so that this grabbing effect is used 
to help reduce the risk for belt slip-off. This 
feature of the concept will also aid in keeping 
the belt in a good position on the torso of the 
occupant should they lean inboard, to talk to 
the driver as noted as a common behavior in 
the observations.

5.2.4 PUGH MATRIX ANALYSIS
Two Pugh matrixes were made. One with the 
current belt guide as a reference and one with 
a standard belt outlet. The matrixes and their 
result are presented in Table 3 and 4.

Figure 65. The Audi concept.

Reference: Belt Guide Ridge Soft

Safe 9 1 1

Rating 8 0 0

Comfort 5 0 -1

Misuse 3,5 0 -1

Malfunction 7 1 1

Intuitive 2,5 0 -1

Adaptive 2 -1 1

total: 14 6

Table 3 Pugh matrix: Belt guide

Reference: Outlet Ridge Soft

Safe 9 0 1

Rating 8 1 1

Comfort 5 1 0

Misuse 3,5 0 -1

Malfunction 7 0 -1

Intuitive 2,5 0 -1

Adaptive 2 -1 0

total: 11 4

Table 4 Pugh matrix: Outlet
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Figure 66. Concept Ridge
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VILKA DELAR INGÅR?
För att visa hur konceptet skulle kunna se ut när det 
installeras i en bil gjorde vi ytterligare en FFF-modell. 
Konceptet består av tre delar. Dessa delar finns i CAD-
filen Ridge_Monteras_i_bil.stp

Cover Panel: Rent estetisk för att dölja utlopp mm.

Panel Surface: Ytan som (tillsammans med Seat Surface) 
ger upphov till den funktion som Ridge har. Längst 
bak sitter en ”guide” som motverkar att bältet fastnar i 
utloppet på bältesrullen.

Seat Surface: Ytan som tillåter bältet att löpa fritt på sätet.

Cover Panel

Cover Panel

Panel

Panel Surface
Guide

Seat Surface

Seat Surface

Seat Surface

Surface

Panel
Surface

Figure 67. Concept ridge components
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Ridge has the potential to be safe and score high 
in EuroNCAP since the belt should be placed in 
a relatively inboard position. This was shown to 
reduce the chest deflection in sled test 130036 
performed at VCSC (2013). 

5.3.2 TUNING CONCEPT RIDGE
Some parameters of the concept Ridge can be 
adjusted to achieve different belt geometries.
(Figure 70 on page 51) As explained before, 
there is the “problem” of children sitting on 
booster seats. While their shoulder height is tall 
relative to the seat their shoulder breadth is not. 
When fine-tuning the concept, a balance must 
be found, where it is safe for children (shoulder 
belt inboard) and comfortable for shorter adult 
occupants (shoulder belt more outboard). 

The height of the panel surface (psh) decides 
how far outboard the shoulder belt can position 
itself (Figure 70). The radius (r) between the two 
surfaces affect the position so that a big radius 
makes the shoulder belt move inboard.

The height of the belt retractor (brh) in relation 
to the seat surface affects the position of the 
shoulder belt. A higher position of the belt 
retractor results in a more inboard position of 
the shoulder belt.

According to the 5 quality components of 
usability as identified by Nielsen (2003), Ridge 
should have good usability. If the users already 
know how to buckle up properly, they do not 
need to learn anything new. And the task of 
buckling up could be considered quite easy, 
efficient and easy to remember. The risk of 
errors is the same as a normal outlet and 
should, therefore, be considered adequate. The 
satisfaction when using the concept Ridge, 
however, might not be the strongest aspect of 
this concept since the users probably will not 
even notice it.

Reference Line Reference Line

Outboard position

Inboard position

Reference Line Reference Line

Outboard position

Inboard position

Figure 68. Illustration of how the surface guides the seat belt depending on the occupant’s torso height.

r

ps
hbr

h

Belt retractor 
outlet

Seat 
surface

Panel 
surface Reference Line

Figure 69. Parameters and components of concept Ridge
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children on booster seats with small shoulder 
breadth there is a risk of the shoulder belt 
rubbing against the neck of shorter adult 
occupants (since the shoulder belt is at a high 
inboard angle)

The Soft concept makes the belt comfortable 
with a soft padded tube around the shoulder 
belt (see pictures on next page). The tube is 
mounted on an arm (Figure 72) under the panel 
behind the seat and the seat belt slides inside 
the tube. The surface closest to the occupant 
is coated with a slippery durable material that 
glides easily against the clothes. The rest of the 
outside is covered in a elegant soft material 
that feels pleasant against the skin. 

The length (l) from the guide to the end of the 
panel surface affects the belt flexibility and 
placement. A greater length makes the belt 
more flexible and makes the shoulder belt 
placement more inboard (Figure 71).

5.3.3 MANUFACTURING CONCEPT RIDGE
The Ridge concept consists of two parts with 
simple geometries that could easily be injection 
molded. The belt rubs against the surfaces so 
they should be resistant to abrasion. The parts 
are installed close to a window and need to be 
made from an UV-resistant material. The parts 
can be installed in the vehicle with screws and 
metal or plastic clips.

5.3.4 CONCEPT SOFT
When making the belt geometry safe for 

r

ps
hbr
h

Belt 
retractor 
outlet

Belt 
retractor 
outlet

Shoulder Belt

Seat 
surface

Panel 
surface

Reference Line

r

ps
h

br
h

Shoulder Belt

Seat 
surfacePanel 

surface Reference Line

Figure 71. Parameter length on concept Ridge

Guide

l

Figure 70. The difference between a high psh and a low psh and the effect on the shoulder belt

Figure 72. The thin flexible arm of that connects Soft to 
the panel

51
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Figure 73. Concept Soft
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(2001) risk damaging the neck in the event 
of a crash. Placing an airbag inside Soft may, 
however, reduce the impact on the neck.

5.3.7 MANUFACTURING CONCEPT SOFT
The fabrics that makes up concept Soft can be 
sewn together easily by hand or machine. The 
plastic parts can be injection molded.

In the event of a crash, the tube breaks loose  
from under the panel to not compromise the 
seat belt load limiting (described in chapter 
3.4.1). The tube is also removable should you 
need to install a child seat that isn’t compatible 
with the Soft. The tube is machine washable. 
The soft concept is installed by two snap 
fasteners connected to an arm under the panel.

Soft makes buckling up a bit different than 
normal. The user might have to learn a new 
way of buckling up then they are used to. It 
should, however, be very easy to remember this 
new way of buckling up and it is as efficient and 
easy as the normal way of doing it. Hopefully, 
the user will feel some sense of satisfaction 
when using Soft since they are reminded every 
time they use the belt that it is extra safe and 
feels cozy.

5.3.5 TUNING SOFT
Concept Soft can be made to fit different kinds 
of interiors depending on what materials you 
choose. The snap fasteners release force needs 
to be tuned to not release in the event of a hard 
break but do release in the event of a crash.

Soft can achieve a grabbing effect on the 
occupants depending on what material you 
chose for the underside of the product. In 
the development process, we noted that test 
subjects complained about an early prototype 
of Soft grabbing their clothes and limiting their 
movement too much. The benefit to this was 
that the Soft made the belt follow the occupant 
when they moved.

5.3.6 AIRBAG SOFT
The soft concept might have the potential to 
have an airbag integrated. The Soft concept 
would in that case still work by making the belt 
comfortable in daily use, but in the event of a 
crash, it would also provide extra safety. The 
airbag integrated into Soft would deploy in the 
event of a crash making the belt area larger and 
decrease chest deflection on the occupant. The 
function would be the same as in Mercedes belt 
bags or Fords inflatable belts.

Soft allows an inboard position and should 
reduce the chest deflection as described before. 
The only risk is if the shoulder belt is placed too 
far inboard, where it according to Bidez & Syson 
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The value the current project brings for 
Volvo Car Corporation is one unique working 
concept, Ridge, and a concept with great 
potential, Soft. Ridge enables all occupants 
a good user experience as a result of the 
automatically adjusting features that eliminate 
the discomfort of the seat belt rubbing against 
the occupant’s neck. In some regards, Soft 
has proven to achieve a high-quality user 
experience as described by Norman & Nielsen 
(n.d.). More specific when the users `wears´ 
the seat belt with the soft tube around it they 
have commented on that they felt `cared for´ 
and `embraced´, even though they have not 
experienced any previous problem with the 
seat belt rubbing against their neck. However, 
some aspects of the user experience could be 
seen as decreased since it requires a different 
pattern of movement when buckling up since 
the soft tube need to be fixed mounted on the 
panel as a result of lack of distance between 
the retractor and the seat belt outlet. If the tube 
should retract together with the seat belt while 
being long enough to fit both the smallest and 
the biggest users, the mounting of the seat belt 
retractor needs to be so far back that it would 
decrease the trunk volume of the car.

The social sustainability in this project is that 
our main focus and the whole foundation of this 
project was to further increase the be-goals and 
do-goals, especially for women and children. 
Because historically women and children have 
not been the main focus when constructing 
cars. In the current project, be-goals refers to the 
user experience and comfort and the do-goals 
refers to the safety of the occupant. According 
to both Bidez & Syson (2001) and Jakobsson et 
al. (2011), there is a risk that a child occupant 
will lean away from the shoulder belt to avoid 
neck belt contact. According to Bidez & Syson 
(2001), there is also a risk of the child moving its 
entire body closer to the buckle to avoid neck 
belt contact. This dangerous behavior could 
result in both torso roll-out and submarining. 
Therefore, it is crucial to have good comfort to 
ensure that the occupants use the seat belt in 
a safe way. Ridge moves the shoulder belt to a 
mid-clavicle position for more occupants than 
a normal, non-adjustable, belt outlet would. This 
ensures that the belt does not rub against the 
neck of shorter adult occupants and children. 
Ridge has been tested with crash test dummies, 

6 DISCUSSION 
As an industrial designer, our main competence 
is not within a specific branch or product area. 
Our strength lies in mastering and applying 
different processes when taking on a new 
project in various contexts. The current project’s 
contribution within the field of industrial 
design is the way we as designers applied, 
adapted, and combined the Stage-Gate process 
with the IDEO´s three-stage view of prototyping. 
This made it possible for us to keep track of 
time, deliveries and to continuously work with 
prototypes. It enabled us to investigate early 
ideas directly and develop the prototypes 
further throughout the whole project. The gates, 
where deliveries needed to be made at the end 
of each stage was helpful in order to deliver the 
final result on time since the time schedule was 
very compressed, and each day was planned 
very thoroughly.

Freidman (2003) describes the word design as 
a process with the goal of solving problems, 
meeting needs, improving situations, or 
creating something new and useful, which is 
exactly what we have accomplished with this 
project. We have been meeting needs within 
the automobile industry by developing a seat 
belt system that adjusts to all occupants. The 
user survey showed that people cannot be 
expected to manually adjust the seat belt to fit 
themselves. Therefore, automatically adjusting 
is a desirable feature that Ridge has. Our other 
concept, Soft, increases the comfort with the 
soft tube around the seat belt, with the effect of 
decreasing the discomfort of the belt rubbing 
against the neck and potential misuse as a 
result. By doing those things we have improved 
the current situation with something new and 
useful for the end customer as well as for Volvo 
Car Corporation. More specifically, concept 
Ridge is a shoulder seat belt adjuster that, 
automatically, adjusts the belt. The belt adjusts 
mechanically with the occupant’s torso size as 
input. This is something not currently offered 
in any other cars on the market. The other 
concept, Soft, works by having one static seat 
belt geometry for all occupants. The concept 
covers the seat belt in a soft material so that 
it does not feel unpleasant even during neck 
contact.
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to fit different car models, which results in 
decreased developing costs in comparison to 
the current situation where they need to do 
more comprehensive adjustments to the belt 
guide in order to fit the specific car model. 

6.1 THE DESIGN PROCESS
The process we applied to this project was the 
Stage-Gate process, which we combined with 
the IDEO´s three-stage view of prototyping. 
Hartman (2009) describes the IDEO´s three-
stage view of prototyping process as an ideation 
method in early stages and a small number of 
the ideas are iteratively developed to resolve 
more focused design questions. We used the 
method as described, besides that we also used 
prototypes to evaluate the potential of some 
ideas in early stages. Meaning that we made 
prototypes of almost all ideas to evaluate their 
feasibility with the outcome of dismissing a lot 
of the ideas due to manufacturing problems, 
lack of space, or if the seat belt did not move as 
intended. The effect of using prototypes as an 
evaluation tool in the early stages was that we 
saved a lot of time since we did not consume 
time on developing concepts that could not be 
implemented in reality. 

In addition to this process, we used a Stage-Gate 
process where we stated the needed events for 
each stage together with the outcomes and 
deliveries “in order to win the game” as Cooper 
(2008)(p.2) described it. However, we did not 
follow the stated dates of the gates as was 
determined in the planning stage of the project. 
Instead, we focused on high-quality deliveries 
before proceeding on to the next stage.  If we 
had followed the schedule, the end result had 
been quite different because there were too 
many uncertainties of concept Moving Ridge at 
the time of the ideation gate, and concept Soft 
did not even exist at the time of the gate for the 
ideation stage. The deadline for the ideation 
stage was postponed approximately two weeks, 
which allowed us to be confident about which 
concepts who had the greatest potential.

At the early stages of the current project, the 
development of the project description and 

to ensure its fit. These dummies are based on 
percentile values. Salvendy (2012) points out 
that a limitation with percentile values is that 
different measurements are not related to each 
other. Therefore, Ridge has also been tested 
with real humans. Soft covers the seat belt in a 
soft material so that it does not feel unpleasant 
even during neck contact. With both concept 
solutions, it should lead to the occupants using 
the belt correctly.

The potential environmental impact of using 
more environmentally friendly plastic materials 
within the car industry could be significantly 
decreased since 16% of the total weight consists 
of plastics (CBI Market Intelligence, 2016). 
However, if the products would be made from 
biopolymers instead of fossil-based polymers 
the amount of plastic and weight could increase 
since the fossil-based polymers might not have 
the same material properties (Henke et al., 
2017). The need to design parts to be thicker 
at some places to allow a better flow when 
injection molding is another disadvantage 
together with costs that come with it. This leads 
us into an equation where the environmental 
impact of increased weight and its effect on 
increased fuel consumption during the car’s 
lifetime must be less than the environmental 
impact of using fossil-based polymers, with the 
unanswered questions regarding disposal and 
future availability (Henke et al., 2017). However, 
due to the complexity of the equation and lack 
of resources, the question of what material 
would be best suited for the concepts, could not 
be answered.

In summary, there is potential in alternative 
plastic materials, but it is more complex than 
just substituting a conventional plastic with 
a bio-based one and claim that it is more 
sustainable. Perhaps sustainability will be a 
selling point that is worth the extra cost that 
a bioplastic part might have compared to a 
fossil-based one, which leads us to economic 
sustainability. The project description did not 
include any type of manufacturing price limit 
or requirement, although many concepts and 
ideas have been eliminated since the estimated 
cost per unit has been predicted to be too costly. 
The concepts have the economic advantage 
of being relatively adaptive and scalable 
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experience together with Volvo Cars aim that 
no one should be killed or seriously injured in a 
new Volvo by 2020 is why this project is carried 
out. Because by giving the users comfortable 
restraints, it minimizes the misuse of them.

The objective of this project is to develop a 
concept, that makes the seat belt comfortable 
without compromising the safety. The concept 
will satisfy a range of occupants’ comfort needs 
while providing a safe shoulder belt position in 
event of a crash. The range spans from the 5th 
percentile women to 95th percentile man and 
includes children positioned on a booster seat.

6.2.2 HOW IS THE SAFETY AFFECTING THE COMFORT OF THE 
SEAT BELT?
It is possible to design a comfortable seat belt 
without taking the safety aspect into account. 
However, it is not possible to design a safe 
seat belt without taking the comfort aspect 
into account since an uncomfortable seat belt 
system could lead to misuse, e.g. leaning away 
from the seat belt to decrease the rubbing of 
the belt, with the result of being unsafe. The 
question stated should have been inverted and 
instead been formulated as: “How is the comfort 
affecting the safety of the seat belt?” since the 
comfort is affecting the safety more than the 
safety affects the comfort.

6.2.3 HOW COULD THE DESIGN ALLOW THE COMBINATION 
OF HIGH SAFETY AND GOOD COMFORT REGARDLESS OF 
PASSENGER SIZES AND GENDERS?
Since the population consists of people with 
diverse body geometries, the seat belt needs 
to be adaptive to the user. In this project the 
problem has been solved in two different ways, 
one way of allowing the combination of high 
safety and good comfort regardless of diverse 
body geometries is to design the belt guide so 
that it adjusts to the occupant’s sizes, meaning 
an automatically adjusted system. Another 
solution to this problem is to make the seat 
belt itself comfortable independent of the seat 
belt geometry by adding soft material to reduce 
the unpleasant feeling of the seat belt rubbing 
against the neck. 

6.2.4 HOW IS THE POSITIONING OF THE SEAT BELT 
AFFECTING SAFETY AND COMFORT?
Positioning the shoulder seat belt into a more 
inboard position than the mid-clavicle has 

the understanding the context were very time 
consuming since we questioned the project 
description and developed a new where we 
looked at the seat belt system more holistically. 
The first project description was to construct 
a technical solution that moved the shoulder 
belt from one position to another, and the new 
version was to develop a concept that increased 
safety, comfort and user experience for all 
occupants. This led to a more user-centered 
development process. If we had not questioned 
the project description, we would have ended 
up with something totally different.

In the later stages, the focus was on executing 
and implementing the ideas and to make them 
work followed by testing and verification. 
The process of developing Ridge was very 
time-consuming and iterative in order to 
understand the parameters and did not allow 
us to involve the users earlier than at the end 
of the implement stage, with the exception of 
the context immersion stage where we did user 
surveys, observation etcetera that involved the 
users. However, it was very valuable for us to 
verify both the concepts with a sample of people 
that represent the population as described by 
Salvendy (2012).

6.2 CONCLUSIONS
At the beginning of this project objective and 
aims were established and research questions 
were formulated to guide us through the 
project. The objective and aims are repeated 
here followed by the answers to the research 
questions. Since the research questions are 
based on the objective and aim the answers 
to the research questions will answer the 
objective as well.

6.2.1 PROJECT OBJECTIVE AND AIMS
For Volvo to compete in the global market of 
premium cars, they need to offer a high user 
value. This is partly done by giving the users a 
good user experience while continuing to offer 
their well-known safety standard. Seat belt 
comfort might be a small part of the total user 
experience, but to visualize what gives the user 
value you must view the car more holistically. 
All the tiny details together are what makes up 
the user experience. In that sense all the details 
are important, and therefore this component 
is as well. The combination of good user 
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an evaluation regarding the positioning of the 
seat belt must be done. The evaluation should 
include when the risks of misuse exceed the 
benefits of designing for a geometry that allows 
the seat belt to be positioned close to the neck.

6.3.2 FUTURE WORK SOFT
The future work of Soft is to verify that it makes 
the shoulder seat belt more comfortable for 
people who are currently experiencing that the 
belt is rubbing against their neck. Will covering 
the belt in a soft material help? And will it 
increase comfort? An investigation needs to 
done to see if the actual rubbing or chafing is 
the problem or if it simply is that it is something 
touching the neck.

The next challenge of concept Soft is to 
evaluate the user experience when buckling 
up since the soft tube is mounted on the panel, 
which requires a different pattern of movement. 
Another aspect that could be investigated is the 
perception of the concept Soft when it slides 
freely on the seat belt in comparison to when 
it is mounted, if it feels premium or not when 
it slides freely. Lastly, investigate the preferable 
friction between the user’s clothes and the Soft 
concept, both in a safety and user experience 
point of view.

been proven to decrease the chest deflection 
in event of a crash. Furthermore, it is also 
preferable during a maneuver since it requires a 
larger displacement of the occupant for the seat 
belt to slide off the shoulder. A disadvantage 
of placing the shoulder seat belt into a more 
inboard position is greater pressure on the 
upper spine and neck in event of a crash but 
also a significantly increased risk of misuse. 
In short, the most beneficial position of the 
shoulder seat belt is as far inboard position as 
possible without rubbing against the neck (to 
minimize the risk of misuse). 

6.3 RECOMMENDATIONS 
Recommendations for future work of each 
concept is suggested here.

6.3.1 FUTURE WORK RIDGE
To validate the Ridge result further a clinical 
trial with a large number of people with 
different body measurement could be held. 
The focusing point in the clinical trial should 
be how well the Ridge positioning the seat belt 
on the occupant in a safety point of view. It 
should also include a form where the occupant 
can state their perceived user experience of 
the concept and the perceived user experience 
should be compared to the noted positioning of 
the seat belt in relation to the occupant. After 
the material from the clinic has been compiled, 
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Note: Additional 3 questions, where the respondent could answer with a text box entry, are not presented here. 
For the entire survey result please contact the authors.
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Appendix I: Gantt (A3)
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Principlösning: 
Moving Ridge

Principen:
•	 Diagonalbältet	justerar	sig	automatiskt	efter	den	åkandes	storlek	när	

denne	sätter	på	sig	bältet.

•	 Vid	en	krock	flyttar	sig	diagonalbältet	automatiskt	till	en	position	
nära	nacken.

Förklaring:
Moving	Ridges	form	gör	att	diagonalbältet	lägger	sig	på	olika	ställen	
beroende	på	den	åkandes	axelhöjd	och	rörelsemönster	när	denna	
sätter	på	sig	bältet.	

Oavsätt	hur	man	sätter	på	sig	bältet	flyttar	Moving	Ridge	bältet	till	
en	säker	position	vid	händelse	av	en	krock,	med	hjälp	av	kraften	från	
försträckaren.
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Principlösning: 
Soft

Principen:
•	 Diagonalbältet	är	går	inte	att	justera,	utan	är	positionerat	med	bästa	

möjliga	krockgeometri	för	alla	åkande.	

Förklaring:
Snarare	än	att	hålla	undan	diagonalbältet	som	riskerar	skava	mot	
nacken,	så	gör	man	det	mjukt.	På	så	sätt	upplevs	bältet	behagligt	även	
om	det	är	positionerat	nära	nacken.

Soft	är	ett	mjukt	överdrag	med	premiumkänsla	som	matchar	bilens	
interiör.	Soft	sitter	fast	i	panelen	och	bältet	löper	fritt	inuti.

Soft	kan	även	fästas	i	stolen	istället	för	i	panelen.

Soft material/fabric
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Principlösning: 
Loop Guide

Principen:
•	 Vid	en	krock	när	flyttar	sig	diagonalbältet	automatiskt	till	en	position	

nära	nacken.	

Förklaring:
Rullen	är	placerad	bakom	stolen	och	säkerhetsbältet	länkas	via	en	
loop	som	sitter	fast	på	stolsryggen.		Vid	händelse	av	en	krock	så	
flyttar	loopen	på	sig	med	hjälp	av	försträckaren.	Förflyttningen	gör	att	
diagonalbältet	kommer	närmare	nacken.

Adjustable/ 
spring back
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Principlösning: 
Steps

Principen:
•	 Användaren	kan	själv	justera	bältet	till	en	behaglig	position.

•	 Vid	en	krock	flyttar	sig	diagonalbältet	automatiskt	till	en	position	
nära	nacken.	

Förklaring:
Den	åkande	kan	själv	aktivt	välja	att	flytta	diagonalbältet	i	sidled	för	att	
få	en	bra	komfort.	Vid	en	händelse	av	en	krock	flyttar	sig	diagonalbältet	
till	positionen	närmast	nacken	med	hjälp	av	kraften	från	försträckaren.

Arm

Under the Panel:

Seat belt

Adjuster
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On plate (+20 mm) Normal Slouching
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On plate (+20 mm) Normal Slouching
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On plate (+20 mm) Normal
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On plate (+20 mm)
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