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Abstract
This is a master thesis conducted at Volvo Cars for Chalmers University of Technology. The

purpose was to investigate and develop new front and rear license plate holders. It goes
through all the different phases of the product development process, from background infor-
mation to virtual prototyping and assessment of the final design. A large part of this thesis
also was to conduct a benchmark in order to understand how the competitors solve their
mounting and fastening of the license plates.

The current front license plate holders that VVolvo Cars uses cannot be kept in the future due to
a desire to make the shape of the front more complex. This drives a need to develop a holder
that solves this problem without influencing the design in a negative way. The development of
the rear license plate holders will focus more on reducing the cost and raising the overall qual-
ity of the holder. This is needed in the competitiveness of the automotive industry and it forc-
es the car manufacturers to cut their expenses without compromising the customer needs.

The result of this project is a new front license plate adapter that also acts as the license plate
holder. It is form-fitted to the shape of each car model and is to be released in four different
variants depending on which market the car is sold. The design is essentially a plastic housing
that provides good support to the plate as well as it covers up the area between the plate and
the front of the car.

The final design of the rear license plate holder is two different variants of a combined North
American, Chinese and Japanese holder. This can be compared to the eight holders that are
needed today. The new design also made it possible to reduce the cost of the average license
plate holder by approximately 21%.






Preface
This is a master thesis project on the topic “Development of complete mounting solutions for

the license plates”. It was conducted in close collaboration between two Chalmers University
of Technology students, Andreas Larsson and Anders Olsson. The project was supervised by
the associate professor at Chalmers University of Technology, Lars Lindkvist, whom we
would like to thank for his continuous support. We also would like to thank everyone at the
“Rear opening system” division at Volvo Cars, especially Ulrika Frostrom and Jonas
Lindstrém for always listening and giving feedback.

This master thesis has provided us with some insightful information on how it is to work at
Volvo Cars and in the automotive industry. The project has included almost everything there
is to know about license plates all around the world and their holders. The reader will there-
fore probably have a broad understanding of the subject after reading this report.
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1 Introduction

This section contains the background, the problem formulation as well as the aim and goal of
this development project. Also the scope is defined together with a brief description of the
company, Volvo Cars.

1.1 Background

The automotive industry today is subject to increased competition between brands, higher
customer requirements and a lowered market demand in this economic climate. Other trends
that affect this industry are the increased focus on environmental issues as well as tougher
legal restrictions.

These competitive dilemmas have forced the automotive companies to try to cut their expens-
es. This can be done in several ways. Many brands develop a shared platform throughout their
product range which gives a higher economy of scale on the manufactured parts. It has also
been more common for brands to merge together into larger company groups. One example of
this is the Volkswagen Group which contains 13 brands, where this positive effect can be en-
hanced even further. One of several downsides of this approach is that the customer will have
a problem differentiating the cars from each other.

Volvo Cars as an automotive company is also affected from these trends. As mentioned above
they therefore need to investigate their expenses. They are already working with shared plat-
forms within their model range and are looking at other areas that can cut costs without affect-
ing the customer in a negative way. Since Volvo Cars is a premium brand, the quality per-
ceived by the customer is of most importance which is why a cost reduction must not affect
the quality of the car.

Today, Volvo Cars has several different license plate holders for different markets and mod-
els, but also different rear and front versions. Due to their similarities in size and function it is
a potential area to cut costs by developing a common structure for the holder. The current
holders have remained the same for a long period of time and no thorough investigations has
been made. VVolvo Cars has an opportunity to lower the cost as well as raising the perceived
overall quality of the holders. Previously there has been a problem where a low quality holder
was a subject to vibration and noise. This has partially been solved, but it is something that
needs to be further investigated.

The design of the cars has become more complex throughout the years. Today there are al-
most no flat surfaces left on the car. This creates a problem when mounting the license plate
to the front of the car. In order to allow for a complex design, where the designers do not feel
limited by the placement of the license plate, an adapter that is placed between the car and the
license plate needs to be developed. As a part of this, the fastening methods to both surfaces
need to be further investigated. A challenge when designing these fasteners is that the car
should look good both with and without a license plate holder in order to fit any situation.



Due to legal restrictions, the rear holder has to be placed on a flat surface which eliminates the
need for an adapter. Instead the focus will be on cutting cost as well as raising the customer
perceived quality.

The responsibilities of the license plate holder differ on various markets, which is something
that needs to be considered and clarified. The reason for this is the many affected partici-
pants: Volvo Cars, the manufacturer of the holder, the transport administration, the car deal-
ers, and the customers.

1.2 Purpose

The first objective of this thesis is to develop an adapter (or adapters) for the front license
plate that will replace the existing holders. This adapter will be placed between the complexly
designed front of the car and the flat license plate. The result of the new concept will be pre-
sented visually for a better understanding.

The second objective is to investigate the current holders for the rear license plate, and if nec-
essary develop new and improved version (-s). Depending on the outcome of the investiga-
tion, a visual concept or a discussion regarding the future holder will be presented.

As a part of this thesis a complete benchmark is to be made, where several competitors are
investigated. Both their front and rear license plate solutions will be examined. The results of
this benchmark will be presented with a clear overview where the trends are shown but also
more in-depth information will be delivered. The complete results of this thesis will finally
also be presented in a technical report.

From the purpose of this thesis some research questions has been extracted to ensure that the
objective is fulfilled. The questions correspond to both the front and rear fastening solutions.

e How is the interface between the holder and the car going to be solved?

e How is the interface between the license plate and the holder going to be solved?
e How can the overall quality perceived by the customer be raised?

e How can the overall costs be kept at a minimum?

e How do the competitors solve the stated problems?

1.3 Scope and limitations

The Volvo Cars sales volume divided on the different markets can be seen in Figure 1. USA,
China and Europe are the main markets and they sum up to a total of 85% of the sales vol-
ume. For these markets either VVolvo Cars are providing a suitable license plate holder or a
standard license plate holder exist. For legal reasons they also provide license plate holders
for the Japanese market which is 3% of the sold cars (Volvo Cars 3, 2013). Apart from this
the American holders is used in Canada and Mexico as well. The same trend goes for the Eu-
ropean holder which is used in many other countries like South Africa. This makes it possible
for Volvo Cars to provide suitable license plate holders for around 97% of their sold cars. The
remaining 3% of the sales volume is divided into many smaller markets. They will in the fu-
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ture either provide their own license plate holders much like they do today or use one of the
developed versions. Therefore the earlier mentioned markets are to be considered as the most
important ones during this thesis. The investigated regulations, customer opinions and so forth
will mostly be focused on these markets.

Figure 1 - Sales volume per market (Europe incudes only Russia, Sweden, Norway, Denmark, Finland, Netherlands,
Belgium, Luxembourg, France, Spain, Italy, Greece, Portugal, Great Britain, Ireland, Germany, Switzerland, Austria,
Poland, Hungary and Czech Republic)

Since this master thesis is conducted in Sweden it is not feasible to investigate license plate
holders from other markets to the same extent as the Swedish and European ones. This might
lead to a less thorough investigation and presentation of non-European solutions. In addition
to this, an overrepresentation of solution and opinions from the English speaking countries is
found on the internet. Therefore opinions and solutions written in other languages might not
be investigated to the same extent.

The scope of this project is only to deliver conceptual solutions to a front and a rear license
plate holder. Therefore exact manufacturing methods will not be chosen and precise manufac-
turing drawings will not be made.

Estimations on the cost of the new solution will be presented. However, the more precise
business case and choice of supplier etc. is not within the scope of this thesis.
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1.4 Company presentation

Volvo Cars is a car manufacturer that was founded in Sweden in 1927. It was previously part
of Volvo AB, which is mainly a truck manufacturer today. For a time Volvo Cars was owned
by Ford Motor Company but it is now owned by Zhejiang Geely Holding Group. The Volvo
Cars headquarter and production plant is located in Gothenburg, Sweden. They also have pro-
duction plants in Belgium and in China. The production in China is also expected to grow in
the future due to the fact that China is now their second home market. VVolvo Cars corporate
strategy is called “Designed around you”, which means that the customer is central in every-
thing. They also have a strong focus on environmental aspects as well as on their trademark,
safety. Their vision is: “To be the world’s most progressive and desired luxury car brand.”

In 2011 they sold 449 255 cars in more than 100 countries and their long-term sales target is
800 000 cars in 2020. The biggest market is USA followed by Sweden, see Figure 2. In total
Volvo Cars sold 12 different car models, where XC60 was the most popular model. (Volvo
Cars 1, 2012)

TEN BIGGEST MARKETS 201

USA 67,273 (53952)
Sweden 58,463 (52,894)
China 47,140 (30522)
Germany 33,167 (25,207)
United Kingdom 32,770 (37,940)
Belgium 20,320 (17,969)
Russia 19,209 (10,650)

ltaly 18,705 (17,509)
Netherlands 15,981 (14,308)
France 15,678 (12,211)
Others 120,549 (100,363)

Figure 2 - Ten biggest markets 2011 (Volvo Cars 1, 2012)

In recent years Volvo Cars has become more of a luxury brand than before. This could mean
that the future cars will have more of a radical design, with less flat surfaces. Their inspira-
tional vision of the future cars can be seen in their latest concept car called “Concept You”
which was released to the public in 2011 (see Figure 3 and Figure 4). The curvature and aes-
thetics of the front could result in a need to develop new license plate holders that fits a pro-
gressive design, which is one of the tasks of this thesis. In the future the aesthetics should not
be compromised by limitations of the license plate mountings.

12



Figure 4 - Concept you front view (Volvo Cars 2, 2011)

1.5 Outline

The outline of this report is as follows. It starts with describing the methods that was used
during this product development project. It is followed by the pre-development phase where
all the background information is identified and presented. It contains for example infor-
mation about the current license plate holders. Its purpose is to provide the reader with a bet-
ter understanding of what should be developed. Then follows a comprehensive benchmark
that will explain how the competitors and third party manufacturers solve the task, as well as
some innovative homemade solutions and patents. Next a customer investigation is made that
tries to explain what the customer want to have.

When all this has been presented the actual development phase starts. It is divided into two
separate parts, one which explain the development of the front adapter and the other one de-
scribes the development of the rear holder. Both of them contain information regarding re-
quirement specification, concept generation and evaluation, as well as the final design that
was chosen. The report ends with a discussion regarding the two different solutions, what
needs to be done in the future and finally a conclusion.
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2 Method

This chapter explains how the project was executed and presents the methods that were used.
It has the purpose of strengthening the credibility of the results in this report.

2.1 Pre-study

The thesis started with a theoretical research regarding the background of the subject. Here
the laws and restrictions regarding the use of license plates were examined for the different
markets and also the corresponding responsibilities. The main sources of this information
were legal documents which were translated to English. These documents were found on the
Volvo Cars intranet. Moreover theory concerning the license plates, the holders used, as well
as the actual fastening of the license plates today was investigated. This information came
from product drawings, real life inspections and searches on the internet.

A review of different publications was made to get a clear understanding of what has already
been researched by others. However, no previous research could be found that involved the
same topic as this thesis. Most publications dealt with software recognition of license plates,
either for toll cameras or for building entries etc.

2.2 Benchmark

When the theoretical research was finished a benchmark was made in order to examine the
solutions that the competitor uses. It was mainly done by visiting 15 different car dealers that
in total covered 28 different car brands. Both notes and pictures were taken during these vis-
its. Apart from this Volvo Cars have access to a competitor analysis database called A2MAC1
(A2MAC1, 2013). This database could be used to investigate high resolution images from all
the auto shows as well as comprehensive information and images of how the car looks like
when taken apart. This made it possible to see exactly what license plate holder they used and
how they fasten it. It also contained detailed information about for example the material that
was used, its weight and dimensions. This information was compiled in a spreadsheet, with a
total of 34 car brands and numerous of car models from each brand. The different characteris-
tics were then extracted and analyzed in this report, but the extensive spreadsheet is not en-
closed. Since this information mostly focused on the Swedish and European market some
additional internet searches were made to investigate how the cars look like on the Chinese,
Japanese, Italian and North American market.

The products provided by third party manufacturers were also investigated. Their respective
web pages provided good information about this. By visiting several different discussion fo-
rums that were related to the automotive industry one could collect information on how the
customers reason about the license plate holders. The use of third party solutions was con-
firmed as well as the use of many different homemade solutions.

A thorough patent research was made in the Swedish patent and registration office database
called “Espacenet” (Espacenet, 2013) and in Google Patents (Google, 2013), both which pre-
sent patents from all around the world. Hundreds of relevant patents from the 1930’s up to
now were investigated. Three main reasons exist of why one should do a patent investigation.

15



The first one is to ensure that no existing patent rights are infringed. The second one is that by
studying existing patents the development team can get a sense of how probable the outcomes
of a patent are. The final reason is that by conducting patent investigations additional back-
ground knowledge is received. This knowledge can then be an inspiration in the concept gen-
eration. (Ulrich, 2007)

2.3 Development phase

Before the development could start a brief customer survey was made. In total 15 persons was
interviewed regarding their opinion on different license plate topics. The questions were for-
mulated with the aspects of the Kano-model in mind. It explains that the customer has three
different needs: basic, performance and delighters. Basic needs are the ones that have to be
fulfilled if the product shall be acceptable. The performance needs and delighters are the ones
which give the product a competitive edge, since not all the competitors are providing these
things.

Together with the other background information such as legal requirements and Volvo Cars
guidelines a requirement specification for the front and rear holder could be made. The re-
quirement specification was then analyzed to find out the challenges associated with this pro-
ject.

This information was then used in the development of new concepts for the front and rear
license plate holder. The investigated areas were defined as; holder concepts, fastening of the
license plate, fastening of the holder, noise and vibration eliminators and different kinds of
add-ons. With these categories kept in mind, brainstorming was used as a method to generate
a good amount of different concepts. Brainstorming is a method where the development team
together draws sketches and talks about different solutions to the stated problem. Several ses-
sions should be made to make sure that the best solutions can be found. During this activity
criticism is forbidden to ensure that as many ideas as possible will be generated and that all
participants should get their say. (Ulrich, 2007)

During the concept generation the theories of modularization was used as a way to improve
the concepts and serve as a background when generating them. Modularization and platform
strategies have the purpose to handle the trade-off between product variety and the use of
standard components. By having much in common one will have economies of scale due to
higher production volumes, but also a reduced set of components which affects the assembly,
inventory and so on. (Wickenberg, 2011)

After the concept generation there was a need to reduce the amount of concepts and select a
final design. First of all the concepts were evaluated regarding their pros and cons. This meth-
od gives a clear overview if the benefits outweigh the downsides (Ulrich, 2007). The first fea-
sibility screening could then be made with an elimination matrix. It has the purpose to elimi-
nate those concepts that are not feasible to develop further. Each concept had to fulfill the
main requirements, be realizable in principle and be a suitable solution for VVolvo Cars. If one
of these criteria were not met it was eliminated. This ensured that the development effort was
put into the most promising concepts. (Johannesson, 2004)
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The remaining concepts were then inserted into a Pugh-matrix. It has the purpose to narrow
down the number of concepts but also improving them while doing so. Each concept is rated
as “better than”, “same as” and “worse than” compared to a reference concept. Different crite-
ria are chosen that affects different product parameters such as cost, rigidity and license plate
support. The scores can then be summarized and each concept will be ranked. A concept,
which has clear drawbacks, can then also be further developed and evaluated once again. (Ul-
rich, 2007)

Based on the ranking in the Pugh-matrix the most promising concepts were inserted into a
Kesselring-matrix. However, in order to do a Kesselring a weight determination matrix first
had to be made. Here the different criteria used in the evaluation process are compared to each
other to see if the requirements are more important, less important or of the same importance
to the customers and the stakeholders. The relative importance of each criterion could then be
achieved. Since the criteria are weighted the concepts are more accurately ranked to each oth-
er than in a Pugh-matrix. Otherwise the Kesselring has many similarities with a Pugh-matrix.
Each concept is compared to an ideal solution and then given a rating on how good the con-
cept is in each criterion. (Johannesson, 2004)

Regarding the front adapter, the outcome of the Kesselring was hard to interpret. Therefore
some further evaluations regarding the cost had to be made in order to choose a final concept.
To aid in this estimation the cost of current holders as well as the website “Custompartnet”
was used. This website helped with the cost estimation of injection molding. The cost was
then specified as tooling, material and production costs. (Custompartnet, 2013) The estima-
tions from the mentioned methods was used together with a rational discussion with Volvo
Cars and the project group in order to select the most promising concept and continue with its
development.

One front and one rear concept were chosen. These concepts were then further developed into
their final designs. In this stage “design for assembly” and “design for manufacturing” were
used to improve the concepts. These methods aim at reducing the mounting time and manu-
facturing costs. This can be achieved by making the concepts simpler or adapting them to the
assembly and manufacturing methods used. Furthermore, the fastening methods for the li-
cense plate and the holder were chosen and described. This was also the case regarding the
material, environmental aspects, add-ons etc. The CAD-software Catia V5 was also used to
present the new concepts visually for a better understanding. A final discussion regarding the
result of this thesis and some recommendations for the future could then be given.
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3 Pre-development phase

In this chapter the theoretical background is described to ensure a complete understanding of
the results and the development of the holders. Current license plate holders, regulations etc.
are things that are described here.

3.1 License plates

License plates for passenger cars have the purpose of helping the local authorities keep track
of the vehicles tax and registration status. It originally served the purpose of collecting fees
which was used to fund the increased wear of the streets (American number plate, 2013). The
very first use of a license plate was seen in Canada in 1884. In this time there were no cars,
instead the license plate was made for horse-drawn carriage taxis. Some years later, in 1893,
France was the first country to specify national license plates. In the following years, the use
of license plates spread quickly all over the world. (Drivesteady, 2011) The size and visual
appearance of the plates have varied widely from country to country, see Table 1. To ease the
recognition of plates, some efforts to standardize them have been made. In 1957 all the states
in USA got the same size. This size has also been spread to Canada, Mexico and some smaller
countries like Cuba and Panama. The European Union decided on a common model in 1998,
which has been adapted by other non-member countries as well.

Table 1 - Sizes of different license plates

Market Width (mm) | Height (mm)
USA, Canada, Mexico etc. 305 152
European Union and some other 520 110

countries like Norway, Switzerland,
South Africa etc.

Italy (Front) 360 110
China 440 140
Japan 330 165

Even if there is a standard size within the EU, some variations exist. For example it is still
legal to have the old size in Belgium and Sweden (without the EU flag). In Monaco, Oman,
Switzerland and Liechtenstein you are allowed to have a smaller sized license plate on the
front of the car than on the rear. In Sweden it is possible to get a permission to have a “US-
sized” license plate if the standard EU size does not fit the bumper. All these variations will
however not be any problem when developing a front license plate holder, since the countries
are able to use the standard EU size instead of the smaller version. This is however not the
case for the Italian front license plate, which means that when developing a front license plate
holder this smaller size has to be kept in mind.

19



The attachment interface of the plates is something that has not been globally standardized.
Even if two markets have almost the same size they can have different requirements on how it
should be attached to the car, for example two versus four screws. In the European Union the
license plate comes without any holes at all, it is up to the car dealer or the owner to drill suit-
able mounting holes if wanted.

In many countries the license plates are made out of aluminum, for example in Sweden and in
India. It has the benefit of being completely recyclable and withstands corrosion well. How-
ever, plates made out of other metals such as steel is also common. Historically plates have
been made out of porcelain, leather, cardboard, plastic or soybeans with unsustainable result.
Self-adhesive license plates in the form of a sticker can sometimes be seen on car shows and
meetings, but are not allowed during use (Dekal & Dekor, 2013).

3.2 Investigation of license plate sizes and hole patterns

One can see that the sizes of the different plates differs somewhat. The Japanese and Ameri-
can plates are more squared, while the Chinese, European and Italian versions are wider (see
Figure 5).

® European Union
® China
® North America
® Japan

Italy (Front)

Figure 5 - Comparison of the sizes of license plates

When investigating the three markets that VVolvo Cars provide license plate holders for (Chi-
na, America and Japan), one can see that the mounting holes are closely positioned together
(see Figure 6). This background will be necessary to have when the concepts are described
later in this report. As seen, the height of the European license plates is too small to actually
cover up the mounting holes needed for the other markets. This means that it probably will be
hard to merge the other holders with the European versions. One solution to this problem
might be to make the holders modularized.
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Figure 6 - Comparison of the hole patterns of the plates

3.3 Theft of license plates

License plate thefts are relative common at many locations around the world. These thefts
have become more frequent due to an increased usage of automatic readings of license plates.
People want to avoid toll roads or for example red light and speeding cameras, which they
escape by using someone else’s plates. In Sweden you can get up to two years of prison for
stealing license plates, but it is more common with fines. However the consequences for the
one who steal license plates are often not very severe. In combination with the fact that the
license plates often are easy to demount thefts are inevitable. A more serious dilemma is when
criminals use someone else’s license plates to confuse the witnesses during crimes such as
robbery. (Sakerhetsbloggen, 2011)

In some parts of China, for example in Shanghai, the government auction out the license
plates in order to reduce the amount of cars that is driven in the city. This means that a pair of
license plates can cost up to 100 000 SEK, which is almost the same cost as a new low budget
car. In these areas it could be even more important to avoid thefts. (Wantchinatimes, 2013)

When investigating this subject, many solutions on how to minimize the risk of getting the
license plates stolen were found. Two examples of such solutions are gluing the plate to the
holder or using one-way screws (see Figure 7). There are also markets where there are laws in
order to prevent license plate thefts. This is the case in the Japanese market where seals are
used on one of the screws that holds the license plate in place. It makes the license plate more
difficult to steal and it shows if the seal is broken and if a car drives around without one.

>3 M

Figure 7 — One-way screw with cover (Minskylt.se, 2012)
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In the North American market there is a need for license plates to be easy to demount. This is
because in some states the license plate is to be transferred from one car to another at the
same time as the car exchange owner. This is also the case when you move to another state.
This becomes a conflicting need that has to be dealt with. Today Volvo Cars is providing a
holder where the license plate is relatively easy to remove. A more thorough description of
the different license plate holders will follow later in sections 3.6 and 3.7.

3.4 Regulations regarding the license plates

In this section relevant regulations regarding the license plates are presented and these are
grouped into three areas: general, front and rear. The general regulations concern the overall
rules applicable on both front and rear, in contrast to the rules that are specific for either front
or rear. Although, it is important to note that these regulations only are from the markets se-
lected in this thesis. The complete list of the investigated regulations can be seen in Appendix
1.

3.4.1 General

Visibility of the license plate is one of the most important areas that have to be secured. Most
laws investigated simply stated that the license plate should be visible and in good condition.
Other specified that no holder or cover is to be used that can obstruct or impair the recognition
of the license plate information.

In order to secure a steady mounting of the license plate, the fastening is often regulated. The
level of how specific the laws are does however vary. Some countries only specify that the
holders should be securely fastened while for example the Chinese and Japanese laws are
much more specific and claims that the license plates have to be fastened with two M6
screws. By 2016 it is also required according to Chinese law to provide a fastening with four
M6 screws.

The responsibility of the license plate and its condition lies in the hands of the car owner.
However, in for example EU and Japan the license plates are connected to the car in contrast
to some American states where the plates belongs to the person. This means that when the car
is resold to a new owner the license plates are removed and transferred to the new car.

3.4.2 Front

The visibility of the license plate also has some requirements that are specific for the front
attachment. Such regulations seem to be rather common for the Chinese market. The license
plate should be vertical or it may be inclined up to a maximum of 15 degrees. The Chinese
regulations also specify where on the front the plate is to be located and the USA regulations
states the maximum distance the license plate is to be placed relatively to the ground; 1,52 m.

Since the front license plate has an exposed location it can harm others in case of an accident,
especially in cases where pedestrians are victims. In Sweden the car can be considered illegal
if that is the case. Therefore it is important that the front license plate holder afflicts as little
damage as possible.

22



3.4.3 Rear

The visibility of the rear license plate is essential, thus there are specific requirements regard-
ing both placement and specific angles of the plate. The license plate is supposed to be placed
between 0,30 and 1,20 m from the ground, however the USA rules allows the plate to be
placed up to 1,52 m from the ground. The inclination of the license plate should preferably be
vertical but are allowed to be angled up to 30 degrees. It should also be placed at the center
point and perpendicular to the longitudinal plane of the vehicle according to EU regulations.

The fastening of the rear license plate is also something that is highly focused on and specific
requirements are stated. For example according to the Japanese rules the license plate holder
has to be of sufficient size in order to give good support and prevent the license plate from
bending. Moreover the holder should have sufficient rigidity. There are also Japanese regula-
tions regarding how thick the holder should be at the position of the screw in order to allow
for at least three threads. In order to prevent illegalities, the Japanese authorities also demands
that a seal should be installed on the left side of the license plate. This sealing is to be done by
the Minister of Land, Infrastructure, Transport and Tourism or an entrusted seal installer. In
the EU the laws does not specify how an eventual holder should look like, but they do say that
the attachment surface should be flat with the dimensions of 520*120 or 340*240 mm.

3.5 The use of front license plates in the USA

In the USA today it is not mandatory to have a front license plate in all states, instead it is
enough just having a rear license plate. Because of this, many car manufacturers deliver cars
that do not have pre-assembled holders or even pre-drilled mounting holes in the front.

The arguments of not having a front license plate come mainly from the car owners. They
complain that a license plate on the front ruins the aesthetics of the vehicle. The aerodynamics
will be better without a front license plate, since the car sometimes is designed and optimized
without one in mind. Also, some drivers claim that the front license plate hinders the airflow,
leading to a higher temperature of the car engine. However, many car owners just see it as a
way to reduce the likelihood of getting captured by for example a red-light camera. For the
involved state it will also be a substantial decrease in cost, which is a strongly contributing
factor. Less manufacturing cost as well as a lower environmental impact will be the case since
fewer parts have to be produced.

The arguments of having a front license plate is that it is easier to spot cars that are standing
still when driving in the dark, since the license plate will reflect some of the light. It also eases
the use of for example red-light cameras and speeding cameras, which will increase the driv-
ing safety and collect fees for the governments. A front license plate also allows the police
and other persons to more easily identify the car, which is something that can be beneficial for
example during crimes such as a hit and run.

Currently 29 states in the USA have a regulation that require cars to have a front license plate:
Alaska, California, Colorado, Connecticut, Hawaii, Idaho, Illinois, lowa, Maine, Maryland,
Minnesota, Missouri, Montana, Nebraska, Nevada, New Hampshire, New Jersey, New York,
North Dakota, Ohio, Oregon, Rhode Island, South Dakota, Utah, Vermont, Virginia, Wash-
ington, Wisconsin, and Wyoming. Apart from those states it is also mandatory in the District
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of Columbia and in the additional province Puerto Rico. In the other 21 states it is not manda-
tory to have a front license plate: Alabama, Arizona, Arkansas, Delaware, Florida, Georgia,
Indiana, Kansas, Kentucky, Louisiana, Massachusetts, Michigan, Mississippi, New Mexico,
North Carolina, Oklahoma, Pennsylvania, South Carolina, Tennessee, Texas and West Virgin-
ia. (Ehow, 2009; Texas Government, 2013)

However, when looking at different automotive discussion forums it was apparent that even if
the drivers are obligated to have a front license plate, some drivers choose to violate this and
does not mount a front license plate. These persons think that the benefits of not having a
front license plate outweigh the drawbacks. The law enforcement in many of the states does
not find it being a serious crime, why these drivers argue that they have been driving for years
and years without getting a ticket. If they do get a ticket the fine is often quite small.

3.6 Standard license plate holders

Within the European Union the car dealers has the responsibility to install license plate hold-
ers to the front and the rear of the vehicle. VVolvo and other car manufacturers do not provide
their own holders for this market, but they do have the responsibility to make sure that there is
a way to attach the holders to the car. The reason why the car manufacturers do not provide
the holders themselves is that it would add an unnecessary cost due to the fact that the cost of
the holder today is put on the dealers. Therefore the car dealers are the ones who have to di-
rectly contact the manufacturers of these holders. This is also the case for the Italian license
plate holder which is somewhat smaller than the license plates in the rest of the European Un-
ion.

Due to the fact that there is a standardized size of license plates in the European Union, the
holder will look similar regardless of which country in the union it is being used in. Several
different manufacturers exist and there are some variation concerning for example material,
visual appearance and quality. The holder is also non-brand specific, meaning that the same
holder can be used by any brand. This is the reason why there are so many holes on the back
of the holder, see Figure 8. These holes correspond to possible brands and car models, which
makes it very adaptable.

Figure 8 - Standard European license plate holder (Biltema, 2013)
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Car dealers also see the opportunity to provide the license plate holders with the company
logo, giving them a very low cost advertising ability. Today this is often used for both front
and rear holders by the car dealers, which makes it in their interest to keep the present holder.
The possibility to use this kind of advertising is more common for the plastic license plate
holder than the more expensive aluminum holder. The plastic version is the most common
holder and it is preferred by car dealers since it is cheaper than the more robust versions made
out of aluminum or steel. For example a plastic version from “Biltema” (Biltema, 2013) cost
35 SEK and an aluminum version from “Lika” (Lika, 2013) cost 149 SEK.

The license plate is fastened in the holder with a locking strip at the lower edge of the holder.
Other solutions seen are plastic clips used to hold it in place. This is not the best option from
an anti-theft point of view, but it is a suitable option since the EU-license plate does not have
predrilled holes for screws. However, if one wishes to use the EU-license plate without the
holder one has the option to drill the holes yourself.

The license plate holder on the rear is typically placed on the tailgate, which leads to another
dilemma. When closing the tailgate there has been some problem with noise and vibration due
to the low quality of the plastic holder. Despite that the holder is provided by the car dealer,
hence not being the car companies’ direct responsibility, this has become a problem for them.
Volvo Cars have recently added a stick-on foam pad under the rear license plate holder which
reduced the problem substantially.

If Volvo Cars wishes to make a more complex design of the front this license plate holder
might not be suitable in the future. It will at least not solve the mounting singlehandedly any-
more but could possibly be used in combination with another solution. The cost of the new
holder will instead be put in the hands of VVolvo Cars. However, the holder can continuously
be used for the fastening of the rear license plate due to the demand of a flat mounting sur-
face. If Volvo Cars decides to develop a higher quality holder for the rear license plate, they
will also have to take the associated cost. This is a balance that will be dealt with during this
thesis.

3.7 Volvo license plate holders

The responsibility of who is to provide the license plate holder differs depending on the target
market, or country, the car is going to be used in. Therefore VVolvo Cars is providing their own
license plate holders when the regional laws state it and if there is no standard holder suitable.
This also makes it possible to submit a matching high quality holder that coincides with the
reputation of the Volvo Cars brand. The downside is that it adds extra cost for the company,
compared with using a standard holder provided by the car dealer. The Volvo holders are
manufactured by a supplier of Volvo and not the company as such.

Today, Volvo Cars is providing three different types of license plate holders, for North Amer-
ica, China and Japan. In total there are nine different variants of the holder, see Table 2. The
Chinese license plate holder needs to be mounted on the car when it crosses the Chinese bor-
der, which is why they mount the holders on the car during production. The American and
Japanese holders do not need to be mounted on the car during exportation. Therefore they
enclose the holders with the cars and let the car dealers mount the license plate holders. This
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saves cost for Volvo Cars and it reduces the likelihood that the cars could be damaged during
transportation. Also, Volvo Cars does not always know if the buyer of the car wants to use the
front license plate holder or not which is the case in some states in the USA.

Table 2 - Current Volvo license plate holders

Japan North America China

Front Front Front

Rear Rear Rear

Rear V40 Rear V40

Rear XC90
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3.7.1 Holders for the North American and Japanese markets

The license plate holders for North America and Japan have a very similar design. Three thin
metal pieces are spot welded together to form an H-shape, which provide a stable structure for
the license plate. These metal pieces are also provided with pre drilled holes that make it pos-
sible to fasten the holder to the car. In order to avoid scratches, noise and vibration the holder
is also provided with rubber pads facing the car and the plate.

However, due to a varying size of the license plates in the respective countries and different
regulations and standards regarding the fastening they are not identical. In USA there is no
actual law concerning the fastening of the license plate as long as it is securely attached.
However in several states you are required to shift the plate from one car to another when
acquiring a new car. Also, some states forces you to replace your license plates every fifth
year or so. In total it is not uncommon that the license plates have to be replaced around five
times in a cars life span. The license plate holder therefore must allow for some wear. It is
also important to have a fastening that is possible to mount and demount, therefore four dome
nuts are being used today (see Figure 9). Other solutions seen on the American market are
ordinary screws that are easily removed by a flat or Phillips screwdriver, which is the most
common method among Volvo Cars competitors. Instead of dome nuts the Japanese license
plates are fastened with two M6 Torx screws along the upper edge of the license plate. These
are then screwed into threaded holes in the holder itself.

Figure 9 - Dome nuts that are used on the North American holder (RS Delivers, 2013)

The coating is also something that differs between the Japanese and the American holder, see
Figure 10. The American version is coated with a layer of galvanic Fe-Zn in order to protect
the surface from corrosion. The corrosion resistance capability of this coating is significantly
improved if comparing with traditional zinc surfaces (Holzapfel Group, 2013). The Japanese
holder is coated with black powder paint that also serves as protection of the metal surface.
According to Volvo Cars it provides better corrosion resistance than the American holder, but
also comes with a higher cost. This resistance is something that is needed in the much harsher
environment in Japan. They have tried to use the same galvanizing method as the American
holder, but this method was not good enough according to the quality control division.

27



e Y

Qi wexdr /,'/

Figure 10 - Comparison of the Japanese holder to the left and the North American holder to the right

Furthermore there are also variants of the license plate holder within one and the same market
since the preconditions for different car models differ. The new V40 model for example has
specially made holders both for the Japanese market as well as for some places where the
model is sold within the North American market. The inclination of the holder is also vertical
in contrast to the somewhat angled holders for the other car models. This modification is
needed in order to get within the legal requirements and due to the fact that the license plate is
placed on the rear bumper and not on the tailgate as it is on the other car models. There is also
varying requirements concerning the rear and front license plate holder. For example the rear
holders have to be angled in order to meet the legal requirements of having a clearly visible
and illuminated license plate by night. The reason why a specific XC90 holder had to be made
for the Japanese market is that the plate would not fit with the standard Japanese holder.
Therefore new holes were needed and it did not seem to be possible to include them in the
hole pattern on the standard Japanese holder.

The American and Japanese holders have been used for several decades which have resulted
in adaptations to the holder to suit several different car models and designs. The placement of
the attachment holes have been adjusted vertically in order to achieve an optimal position on
each car model, which means that several holes have been added to the holder over time (See
Figure 11). Due to the fact that the holders have remained essentially the same it can be used
as a spare part for older car models, which is a positive aspect. Therefore, it might be an idea
to include the same hole pattern on future license plate holders if Volvo Cars wishes to phase
out the current ones. This will reduce the need of keeping the “old” holders in the system,
which also will save some costs. Although the total saved cost depends on the sales volume of
the current holders as spare parts. By adding additional holes the new holder will be more
complex and also more expensive.

Several
holes

Figure 11 - An American holder with several holes

28



When investigating the spare part market for the Volvo license plate holder it was also appar-
ent that it is used for fastening of license plates on cars from other car manufacturers as well.
This is especially the case when looking at automotive internet discussion forums. The holder
IS appreciated as it is considered as robust and has four license plate attachment points, which
uses all mounting holes on the North American plates. Furthermore, it has dome nuts as well
as rubber pads, which contribute to a low vibration. Finally it is also said to be rather inexpen-
sive. (VWvortex, 2011) However there is also a drawback regarding the dome nuts. They are
considered to harm other cars (leaving permanent marks) if one accidentally will bump into
another car. This is often the case when the driver is parallel parking the car. An American
Volvo owner describes it like this; “What is Volvo thinking??? They are supposed to be all
about safety. The license plate nuts stick out too far and caused damage to my other car”
(Volvo Forums, 2011). This is something that the Volvo Cars office in USA is aware of. They
describe the situation as “during parallel parking maneuvers, domed nuts used to hold a front
license plate are notorious for dimpling the rear bumper cover of the car ahead. The domed
nuts do, however, tend to protect the plate from impact damage”.

The American holder is often equipped with a license plate frame directly from the dealer.
Also different variants that are personalized depending on the car owners’ taste are sold as an
aftermarket item (See Figure 12). These frames are something that seems to be appreciated by
the American users. The frames are mostly sold on the aftermarket; no competitors have been
found to use them as a standard part.

Figure 12 - A chrome license plate frame for the US market (Tool King, 2013)

3.7.2 Holder for the Chinese market

The license plate holders for the Chinese market have recently been introduced by Volvo
Cars. Earlier the customers used a steel sheet provided by the dealer to mount the license plate
to the car. However, this caused a lot of noise and vibration when closing the tailgate. The
aim with the new rear holder was to reduce this problem. Due to recent legislation changes
regarding the fastening of the license plate a front license plate holder also had to be devel-
oped. The front holder also has extra cover on the top of the holder in order to shield off
some of the area between the license plate holder and the car.
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Figure 13 - The Chinese rear license plate holder

The new regulation stated that the license plate must be mounted with four M6 screws. This
means that the license plate cannot be directly mounted on the front bumper, simply because
there is not a big enough flat surface for the four screws. The holders are constructed out of
black plastic and are almost the full size of the Chinese license plate. Two threaded inserts are
used at standardized locations on the car in order to facilitate fastening of the holder. These
inserts also match two corresponding holes on the actual holder. Furthermore there are four
threaded inserts on the holder that will provide a secure fastening of the license plate. These
are combined with the use of screws in order to mount the plate.

3.7.3 Cost of license plate holders

The cost of the holders provided by Volvo Cars differs somewhat. The cheaper license plate
holders cost around 10 SEK for Volvo Cars to purchase, while the most expensive holder cost
26 SEK. The main reason for the difference in cost is the higher production volume on some
of the holders. This means that the general holders are much cheaper than the model specific
holders. Another thing that has an impact on the cost is the design choice and also the number
of rubber spots provided to reduce the noise and vibration. The holder made for the Chinese
market, which is made out of plastic, is slightly cheaper than the metallic structure chosen for
the Japanese and American holder. However, when including the shipping cost of the Chinese
holder to Europe the relation is in fact the opposite.

The cost of the different holders shows how much economies of scale do for a simple product
such as a license plate holder. Since the automotive industry is a competitive area there is a
need to save cost wherever possible. There is therefore a need to reduce the number of vari-
ants and by doing so, raising the production volume of the holder.

The Volvo Cars license plate holders are commonly provided as a spare part, both from Volvo
Cars themselves as well as from various spare part dealers on the internet. Here the license
plate holders cost around 90-140 SEK. The reason why they are more expensive is due to the
fact that the sellers have some additional costs such as storage, but they will also need to gain
some profit themselves. However, this is still considerably cheaper than many license plate
holders sold by third party manufacturers.
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3.8 License plate support for the remaining markets

For countries where neither VVolvo, nor the car dealer provide a standard license plate holder
the customer or the car dealer will have to fasten the plate the best way possible. This is typi-
cally done by screwing the license plate directly to the bumper. It is apparent that this is not a
very high quality strategy aligned with the reputation of the Volvo brand. However this type
of solution is currently only applied on markets where Volvo does not have a big sales vol-
ume (3 percent of the sales volume). Since the cars will have a more complex front in the fu-
ture it might not be possible to mount it directly to the surface. This has to be kept in mind if
one wishes to sell cars at the minor markets. However, it might be possible to provide them
with one of the license plate holders developed for the chosen market and try to mount the
plates the best way possible.

3.9 Fastening of the holders

In this section, fastening system is referring to the actual fastening of the license plate holder
to the car itself. Today the rear fastening system contains of two threaded metallic inserts
which is placed on the rear bumper or on the trunk lid. The same solution is used for all the
different Volvo car models and for all the markets. Previously the same fastening system was
used for the front license plate holder. This was then changed to enable a completely flat sur-
face, which instead forces an operation of drilling the screw straight into the bumper. On the
new car model “V40” Volvo Cars have yet again placed the metallic inserts to the front of the
bumper, and this is considered for the other models as well.

The attachment holes are placed 195 mm apart from each other with M6 threaded inserts in
the holes, see Figure 14. The standard license plate holders, as well as the ones provided by
Volvo Cars, also have matching holes that corresponds with the pre drilled ones on the car
bumper and tailgate. The holders can then be fastened with M6-screws.

Figure 14 - Attachment holes placed on a Volvo front bumper

Since the rear license plate is mandatory on all Volvo Cars markets it is no problem to have
predrilled holes for the license plate holder. This is due to the fact that the holes are put close
enough together to make sure that the various license plates always will cover the holes. In the
front, the problem is that license plates are not always required which is why the car might
look less aesthetically attractive if pre drilled attachment holes are made. This problem might
also be a fact when the car is in a showroom and Volvo Cars want the car to look at its best,
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thus display it without a license plate. This might be one of the reasons why they do not have
pre-drilled holes in the front on most models. The V40 on the other hand, which is not sold in
the US market, can have pre-drilled holes. If one wishes to cover the holes there is an ability
to buy plugs that will fit into the hole, which has the same color as the car (See Figure 15).
This is however not a standard spare part from Volvo, but from a third party manufacturer
(Bumperplugs, 2013).

Figure 15 - Plugs that cover the holes used by the holder (Bumperplugs, 2013)

In the future, the preconditions will be quite diverse when comparing the mounting of the
license plate holder on to the rear or the front of the car. To start with the surface on the rear
fasting point has to be flat due to legal requirements. This means that the rear interface can
remain the same in the future if wanted. The front however is rarely completely flat and the
design is heading in a direction where the flat surfaces are decreasing. This characteristic
makes the fastening in the front more challenging and it might not be possible to use the same
solution as today.
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4 Benchmark

In this section the benchmark will be presented. It contains information about competitors,
third party solutions and homemade solutions. Because of the big difference between the
front and rear versions, it is divided into two different sections. The gathered information will
serve as inspiration when generating new concepts.

4.1 Benchmark of a front license plate adapter

In this part of the benchmark different solutions of front license plate adapter will be de-
scribed. This section will handle both more conventional solutions solving the fastening in
simple cases. However more radical ways to solve the fastening are also investigated. This
will give comprehensive information that can serve as inspiration when solving the rather
complicated front mount of the license plate.

4.1.1 Competitor analysis

Many car manufacturers have realized the problem with mounting the license plate to a com-
plexly designed front. Many believe that a standard EU holder or a metal H-shaped holder just
is not good enough anymore. Instead adapters often are being used to enable a flat surface for
the license plate. The way these adapters are designed is very different from one brand to an-
other. Several of these different solutions and possible trends on the market are described be-
low. For a full description of the solutions that each brand uses see Appendix 2.

4.1.1.1 Nothing at all

Some car manufacturers have a very flat front bumper where the license plate can be mounted
directly without any adapter, see Figure 16. This means that the cars can be delivered world-
wide and it will fit every size of license plate. This is the way Volvo Cars currently do on
their car models. Some competitors’ car models have pre made holes and markings for the
license plate while others are completely flat. By using pre made holes there will however be
a problem that the holes will be visible if the car is to be used on a market where no license
plate is needed in the front.

Figure 16 - A BMW with a flat front
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4.1.1.2 Integrated in bumper

Some competitors have an integrated pocket (recessed) on the bumper of the car where the
license plate can be mounted (see Figure 17). It does more or less not affect the overall length
of the car and may also protect it against collision damage. Another common variant is when
the bumper has an extruded flat surface where the license plate is mounted (see Figure 18).

Figure 17 - A Volkswagen with an integrated inlay

Figure 18 - A Hyundai with an extruded surface
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4.1.1.3 Integrated in grille

Instead of integrating the license plate holder into the bumper one can integrate it into the
grille instead (see Figure 19). This part is often smaller and cheaper than the bumper which
means it is more convenient to make different versions for different markets. However the
choice to place it in the grille is very much depending on the design of the front and this solu-
tion might not always be possible to use.

Figure 19 - A Ford with the holder integrated in the grille

4.1.1.4 Separate adapter

In order to have a free decision of how to design the front of the car, some car manufacturers
use a removable separate adapter (see Figure 20). This means that they are able to first design
the car and then make a suitable adapter. The adapter can be placed either on the bumper or in
the grille or a combination of both. The choice of material is plastic and the most luxurious
car models sometimes have the adapter painted in the same color as the car.

Figure 20 - A Porsche with a separate adapter
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4.1.1.5 Floating appearance

A few brands had a smaller interface surface between the license plate and the car in order to
enable a “floating” visual appearance (see Figure 21). However, full sized support surfaces
are the most common choice. A floating appearance gave a cleaner look but some problems
with bended license plates could be observed. This problem was more severe when no EU
holder was used, as it provides an increased support for the license plate.

Figure 21 - A Porsche with a floating license plate appearance

4.1.1.6 General comments

The complete benchmark was compiled into a competitor matrix (see Figure 22). In this ma-
trix the most important competitors are shown as well as some other interesting brands. The
different car models are grouped into different classes depending on their sizes and qualities.
For example, A-Class is a very small car and D-Class is more of a medium sized car. The cars
grouped in F-class are the more luxurious car models, such as cabriolets and sports cars.
Many more brands were investigated and could be inserted into the matrix, but the clear
trends were already visible.

Integrated solutions are more common on less expensive cars, while separate adapters are
more common for the expensive cars. The estimated threshold is when the car cost around
250 000 SEK. Toyota is a good example of this with their relatively exclusive Prius model
compared to the cheaper Yaris. This also means that the integrated solutions is more common
for high volume cars and smaller cars, while sports cars and larger SUV’s almost always has a
separate adapter. This often also comes hand in hand with the much simpler design approach
on cheaper car models where it actually is possible to mount the license plate directly to the
bumper. However, some brands deviate from this “hidden industry standard”. An example of
this is BMW who uses separate adapter on some of their models and mount it directly on to
the bumper on others.
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Figure 22 - Comparison of the model range of certain competitors (Images from A2MAC1, 2013)

It is also not safe to say that adapters always are the more aesthetically attractive choice even
if this could be a hidden standard. An example of this is Chevrolet which had a larger adapter
that could be perceived as a clumsy appearance, see Figure 23. The integrated solutions can in
some cases seem much more expensive and good looking as well. Did perhaps one premium
car manufacturer start to use separate adapters and all the other followed. Since it is highly
represented on the more exclusive cars within a brand it could also be a clear way to differen-
tiate a brands own car models more clearly.

|

i

Figure 23 - A Chevrolet with a rather deep and large separate adapter
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Most brands deliver tailor made solutions for each market, for example the European market
gets a wider adapter than the cars for the North American market. This was not always the
case for the Italian, Chinese and Japanese market where the adapter often either was too small
or too big. One must keep in mind that different markets often have a different selection of car
models. Therefore the car manufacturers more easily can make a good looking integrated so-
lution if the car is only to be sold on one specific market, often with an inlay in the bumper.

The reason an integrated solution often is cheaper is that they remove the assembly cost of a
separate adapter as well as having reduced material and storage costs. However, if they are to
be sold on different markets they will have to manufacture separate bumpers or grilles. This
means that one EU version and one US version can exist for the same car model. The econo-
mies of scale of these parts will be lowered compared to having one type of bumper and use a
separate adapter. Some of the larger manufacturers do however produce the same car model at
several locations, only to be close to the actual market. In this case the overall effect of mak-
ing two different versions is less apparent, since they only have one version for each location.

The use of an integrated solution forces the car manufacturers to use license plates in all of
their promotion pictures and videos. This is not the case when you use a separate adapter.
Since the cars initially often are designed without a license plate in mind, it often looks better
without one.

European manufacturers seem to have a more coherent approach when designing their front
license plate holders, compared to the Asian brands. This might however be due to the in-
creased variety of car models and the diversity of the designs that the Asian brands often
have. For example, both Volvo Cars and Audi use essentially the same front design for all of
their respective car models while Hyundai have a larger variety.

Trends between brands which are part of the same company group were not always found. It
might be that they like to differentiate the brands as much as possible. It can also be due to the
fact that they often are developed at different places and it lacks collaboration between brands
regarding this relatively redundant part. For example, there is no resemblance between
Volkswagen and Audi which is part of the same group. However, Citroén and Peugeot are
using similar solutions (see Figure 24).

"

Figure 24 - Comparison between Peugeot to the left and Citroén on the right
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Even if many car models already have license plate holders, such as adapters, lots of car deal-
ers did choose to use it together with a standard EU holder. The reasons for this are due to the
advertising ability and the easy mounting where no drilling in the plate is needed. The cars
that were used without the EU holder had a much cleaner look, but will also be more exposed
to impacts which can result in the plate bending.

4.1.2 Third party solutions

Since third party solutions can be a valuable source of information many widely different so-
lutions has been investigated. A special focus has been on solutions that solve the problemat-
ic transition from a complex front shape to a suitable fastening area of a license plate, rather
than license plate holders used to reduce the likelihood of getting caught by various cameras.
Most of the third party solutions offer something more than the original license plate holders.
Many of them use “no drill” methods which mean that you do not need to make new holes in
the bumper in order to fasten the license plate to the car. This is a much bigger dilemma in
USA, where the front license plate is not being used by everyone. The reason is that holes on
the bumper can have an impact on the value of the car when it is to be sold to a new owner.
These third party holders cost between 50-200 dollars, which is far more than the original
holder. But the relatively few buyers who want this solution will have to pay for the smaller
production volume and all the development costs.

4.1.2.1 Tow hook fastening

This is a holder that is attached to the tow hook, which is placed to the side of the front bump-
er, see Figure 25. It is easy to demount from the car and the benefit is that one does not have
to make any new holes in the bumper. Several manufacturers of this solution exist, for exam-
ple “US Mills Works” which provide products for Porsche, BMW, VW and Mini. (US Mill
Works 1, 2013)

Figure 25 - Tow hook fastening (US Mill Works 2, 2013)
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4.1.2.2 Skene Design bracket

The bracket is mounted underneath the bumper, which reduces the amount of visible holes on
the front (see Figure 26). This is good if the car is to be sold to another owner, whom for ex-
ample lives in an area where you don’t require a front license plate. Five different sizes exist
to match every car on the market, each in a US or an EU variant. (Skene Design, 2013)

Figure 26 - License plate bracket (Skene Design, 2013)

4.1.2.3 Plateclips

This license plate holder is clamped to the front of the car, preferably the grille (see Figure
27). It requires no drilling and is easy to install and remove by releasing the spring. Several
different variants of this holder exist to fit exactly the corresponding car, which are mostly
sports cars. (Plateclips, 2013)

Figure 27 - License plate holder (Plateclips, 2013)
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4.1.3 Homemade solutions

Homemade solutions can also be an important source of information since needs that have no
suitable solution on the market can be discovered. These solutions is often much cheaper than
buying a new front license plate holder. This could be the case if the car owner lost the license
plate holder or did not get one when buying the car. The homemade solutions also often were
used to avoid making permanent holes into the bumper, much like the aftermarket solutions.

Some car owners was found to be using zip ties as a method to fasten the license plate to the
front of the car, most commonly in the grille (see Figure 28). The same strategy was used to
mount the original license plate holder onto the car, instead of using the screws that came with
the holder.

Figure 28 - License plate fastened with zip-ties to the grille (The Car Lounge, 2009)

If the owner instead wants to mount it onto the bumper, Velcro stripes could be used to attach
the license plate, see Figure 29. This gives a very small gap between the bumper and the li-
cense plate, resulting in a sleek look. It also gives the possibility to easily remove it when
wanted. Perhaps it is too easy to remove the plate, which means that there is a risk of drop-
ping it while driving. However there are also extra durable versions, for example “3M Dual
Lock”, which are able to absorb much more forces (3M, 2013).

Figure 29 - Velcro straps (3M, 2013)
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The same visual effect as the Velcro strap version can be found by using double-sided tape to
attach the plate directly to the bumper. This can be seen on the Volvo in Figure 30. It requires
no drilling but a flat surface are preferable if good bonding is to be achieved. The durability of
this solution is questionable and you are not able to remove the plate without using new tape.
However, it is not that expensive to apply new tape when you remove the license plate.

Figure 30 - License plate fastened with double-sided tape (Tesla Motors Club, 2012)

Various efforts of attaching the license plate directly to the bumper with the use of strong
magnets could be found. Either the solutions mounted the original license plate holder with
magnets or the license plate directly. However, if one shall mount the license plate directly it
must be made out of a magnetic material which is not always the case for license plates. This
solution makes it possible to mount the license plate without drilling in the bumper and it is
easy to remove it whenever wanting to. However there could be a risk of losing your license
plate while driving or having it stolen. The visual effect will somewhat be the same as the
ones described above.
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4.2 Benchmark of arear license plate holder

This section describes different solutions on rear license plate holders. This information con-
cerns both competitor solutions as well as aftermarket holders provided by third party manu-
facturers. In some cases the rear and front license plate holders looks the same. This is often
the case on older cars which does have a flat front and rear and are in no need of any adapter.

4.2.1 Competitor analysis

In order to better understand the market, present competitor solutions are investigated. Mostly
North American solutions are looked into in this competitor analysis due to the easy access of
information. However, similar solutions as the ones on the North American market are being
used on other markets as well. In the European Union the license plate holders are not offered
by Volvo Cars since the standard holder provided by the car dealer is used by all car manufac-
turers. Therefore there is no need to investigate the EU market any further. A more complete
mapping of competitor solutions can be seen in Appendix 3.

When comparing the Volvo license plate holders with the competitor license plate holders it
was seen that the ones that the competitors are using is often more expensive to purchase for
the customer. They were ranging from 100 SEK to 350 SEK compared to the VVolvo holder
which cost around 100 SEK.

One type of holder investigated, was a holder made by a metal sheet, which was stamped and
cut into the final shape. A positive aspect of this design is that there is no need for welding or
other ways to assemble the structure. This also makes this type of holder cheap to produce
which will save money compared to using a more expensive holder. Depending on the cross
section and the material, this thin structure could however make it less rigid. All the holders
have pre made holes in order to provide sufficient fastening to both the car as well as the li-
cense plate itself. Additionally, some variants have threaded inserts that facilitates a smooth
and easy fastening, but this might lead to an increased cost as well. As seen in the legal re-
quirements, it is sometimes necessary to have them in order to be able to sell it on the respec-
tive market.

SAAB had a similar holder that was used on some of their older models. What makes it spe-
cial is however that it is the only holder found that has fastenings for both the North American
as well as the Japanese market (see Figure 31). This is made possible by using threaded in-
serts that matches both markets and since the North American and the Japanese license plate
sizes are similar the support is adequate for both markets. By distributing a license plate hold-
er for both markets the volume of the holder increases which in turn gives an economy of
scale. For SAAB that had a rather small sales volume it would be of great interest to benefit
from the scale effect. In order to achieve the adaptability, two extra threaded inserts is needed
for the Japanese market. Thus, it is important that the extra cost associated with this is lower
than the actual benefit of the scale effect.
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Figure 31 - Saab rear license plate holder (The Saab Site, 2013)

Another common variant is a holder shaped like a square that is being used by BMW and
Land Rover (see Figure 32). They are made out of plastic just like the VVolvo Cars holder for
the Chinese market, and seem to be a bit thicker than the ones made of metal. They have a
large pocket in the middle and notches along the edges in order to lower the weight of the
structure. Similar to the previous mentioned holders, BMW also uses threaded inserts for both
the fastening of the license plate and the mounting on the car. In order to reduce vibrations
and the risk of scratching the car both holders are provided with protective pads. Furthermore,
BMW has taken advantage of its ownership of MINI by providing this license plate holder for
both car brands which increases the volume of the produced holder, thus resulting in an econ-
omy of scale.

L20m ’EETUNING'CCM

Figure 32 - BMW license plate holder (ECS Tuning, 2013)

Another common type of holder is one that is quite similar to the one Volvo Cars is using on
the North American and Japanese market. Metal pieces that are a bit thicker than the previous
mentioned metal sheets are welded together to form different types of H shapes. This structure
is rigid in order to give a good support for the license plate as well as decrease the level of
vibration. However, there is a need for welding the pieces together which will add cost to the
structure. The rather thick metal pieces do not only make the structure rigid it also makes it
possible to produce threaded attachments directly in the holes on the holder. Therefore
threaded inserts becomes excessive which in turn, will save money.
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The Jaguar license plate holder is made out of a metal sheet that is pressed and cut into its
final shape (see Figure 33). It is formed like an “X” with one attachment point in each corner
which is where the license plate is to be fastened. The mounting to the car is made possible by
three narrowly placed holes in the center surface of the holder, which might make the holder
less rigid. The sleek lightweight structure is a big benefit and it is probably cheaper to produce
than a welded version. (Carbodyparts, 2013)

Figure 33 - Jaguar license plate holder (Carbodyparts, 2013)

The actual design of the rear bumper/tailgate and the fastening method was something that
differed slightly between brands. Some of the brands had a completely flat surface for the rear
holder while many others used inserts for the screws used by the holder. Two inserts were the
most common strategy, but also versions with four holes existed. The increase of fastening
points does increase the stability of the holder, which also reduces the likelihood of noise and
vibrations. Additionally, just like Volvo Cars many competitors did provide their cars with
rubber or foam pads to reduce vibrations and noise.

Some brands have different versions of the rear bumper or trunk lid depending on where the
car is sold. This was the case for SAAB who had two versions; one for EU and one for North
America (see Figure 34). This reduces the amounts of different variants needed for the holder,
since they are able to make the adaptation to the car instead.

Figure 34 - Rear view of SAAB 9-5 that has an adapted tailgate for two different markets (Saabsunited, 2013)
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Another type of design that could be seen when visiting the car dealers were trunk lids with
air pockets or bumps in them, see Figure 35. The actual use of these one can only speculate
about. Perhaps it is to reduce the overall weight of the trunk lid or it is used to get a closer
placement of the license plate to the surface of the car. Some brands also placed the foam
pads in these bumps.

Figure 35 - Rear view of a Honda with opening in the tailgate

4.2.2 Third party solutions

On the market there are also third party holders that in most cases are applicable for several
different models across multiple brands. This often makes them innovative when it comes to
adaptation and diversity, which is an interesting aspect to investigate. Although, one must
keep in mind that these third party solutions often does not provide any additional functions or
features compared to the original license plate holders that comes with the car. Instead they
serve as replacement if the original holder gets damaged or if one simply does not have any
holder. These license plate holders cost between 40-100 SEK which is cheaper than the OEM
holders.

4.2.2.1 Letai Auto Parts Co., Ltd - America Style License Plate Frame

This is a plastic solution for the North American market that is rather similar to the structure
of the standard holder provided to customers within the European Union (see Figure 36). It
has slots at multiple places on the back of the surface in order to allow easy and adaptable
fastening to the actual car. There is also no need to fasten the license plate with bolts or
screws since there is a frame with snap fasteners surrounding the edges, which makes the li-
cense plate easy to demount. However it is important to note that the North American license
plates already have pre made holes for fastening. (Gasgoo, 2013)

Figure 36 - License plate holder (Gasgoo, 2013)
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4.2.2.2 Dorman OE Replacement License Plate Bracket

This holder is similar to the one described above but differs mostly when it comes to the ma-
terial the structure is made of. In this case it is constructed of a thin metal sheet that is pressed
and bent into its shape (see Figure 37). The license plate holder has several specific attach-
ment holes of different shapes and places in order to construct a holder that is adaptable to
many models and car brands. (Stylintrucks, 2013)

Figure 37 - License plate holder (Stylintrucks, 2013)

4.2.2.3 Custom Accessories - License Plate Mounting Bracket

This is a design supplied by a large automotive aftermarket manufacturer and it has several
weight and material saving pockets and notches, which make it a sleek lightweight design (see
Figure 38). However, there is a risk that it is less rigid than a more homogeneous design de-
pending on the material, the profile and the thickness of the structure. It has four pre made
holes for mounting the actual license plate which is placed at standardized positions for the
North American market. In addition to that there are several slots at many places in order to
mitigate flexible fastening for various types of models and brands. (O’Reilly Auto Parts,
2013)

Figure 38 - License plate holder (O’Reilly Auto Parts, 2013)
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4.3 Competitor fastening methods

The various ways of attaching the license plate holders to the car was also an interesting as-
pect to investigate among the Volvo Cars competitors. There were several different methods
used that solved this problem. The challenge was also addressed in different ways depending
if it concerned the rear or the front mount, so the subject has been divided into two related
sections.

4.3.1 Front mounting

The mounting of the front license plate adapter was an interesting aspect that needed a great
deal of attention since the preconditions for this mounting can be rather different from the
fastening today. For example the car attachment surface might be complex and the new holder
will most probably differ significantly from the solution used by Volvo Cars today. In addi-
tion to the different fastening methods, indexations were commonly used on the adapters. This
was done to make sure that the adapter was mounted in the correct position and not for exam-
ple upside down. This was achieved by making indexations that fitted to specific places on the
car and guided the adapter into place. It is also evident that many of the following methods
were used in combination. The competitor database called “A2Macl” was used in order to
investigate possible fastening methods used by competitors.

4.3.1.1 Snap fasteners

Many front adapters did use snap fasteners for an easy and fast mounting procedure during
assembly. It is also a very convenient method since it in many cases can be incorporated into
the design as a part of the solid structure. This is often done in combination with plastic mate-
rials such as Polypropylene. However, snap fasteners might not provide enough robustness,
which is why it often was used together with screws from the adapter into the bumper. There
is also good examples where snap fasteners are successfully used to fasten a front license
plate adapter to the grille.

4.3.1.2 Screws

Screws are both the most classic and commonly used fastening method when mounting an
adapter to the bumper. The benefit is that it is a traditional fastening method with known ca-
pability. The fastening itself is also sufficient regarding rigidity and reliability. Although,
there are drawbacks concerning the assembly of the holder since it can become rather com-
plex. There are two main ways of mounting the adapter with screws; either you are using self-
tapping screws directly into the bumper or you are using metric screws that are inserted into
threaded holes. The metric screws have the benefit of providing a stable mounting and the
adapter is always at the correct location due to the fixed mounting holes. It can also be used to
mount and demount an adapter several times without the risk of ruining the holes. Drawbacks
are that it is more expensive than the alternative and the threaded hole is not always easy to
provide, especially on a complex surface. The self-tapping screws also need a sufficient sup-
port from the mounting material in the surface since it often is used directly into the surface.
By using indented spots at least the location of the mounting can be secured, but it can still be
a risk of a less rigid fastening, and it could be problematic to reuse the same holes over again.
The benefit of using self-tapping screws is that you will not have any predrilled holes on the
bumper.
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4.3.1.3 Flange nuts with separate metric screws

In this case the metric screws with a large square head are snapped into position on the adapt-
er and are then prevented from rotating. The screws are then inserted through a hole in the
bumper and on the other side a flange nut is used to fasten the adapter to the bumper (see Fig-
ure 39). It could however be challenging to place, tighten and loosen this nut since the only
possible access is from within the engine compartment or possibly from under the car. The
positive aspect is that the mount is very strong and there is no need of inserts or such in the
adapter which makes it cheaper to produce. But fastenings with inserts could still be needed
for some markets in order to fasten the license plate itself.

Figure 39 - Flange nut and screw used by Honda (A2MAC1, 2013)

4.3.1.4 Rivetjoints

This solution has been used by some of the competitors to fixate an adapter to the bumper of a
car. An example of this is BMW who uses five rivet joints that are inserted into five pre
drilled holes on specified places (see Figure 40). Rivet joints are rather strong, robust and it
makes the adapter tightly fixed to the car. There are also limited requirements of the surface
and its material. It has to be sufficiently strong so that the rivet joints do not work loose from
the mounting material. A drawback is however that the rivets has to be fastened with the help
of special equipment and if it is to be mounted by the dealer that could be a problem. If this
instead is done in the factory it could be a rather convenient solution. Once the rivets are
mounted to the adapter there would be a problem to demount the adapter, which luckily is not
a common thing to do.

Figure 40 - Rivet joints used by BMW (A2MAC1, 2013)
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4.3.1.5 Expanding plug

This fastening method is based on using a plastic plug that is inserted through a hole that goes
from the adapter into the bumper. In order to make the plug expand a plastic cylinder is in-
serted in the center of the plug (see Figure 41). This will make the plug expand which will
secure that the adapter and the mounting surface is tightly fixed. The one thing you need is
pre drilled mounting holes in the bumper in order to fasten the adapter. And the assembly
seems easy enough since it is just one single straight push needed to insert the cylinder into
the plug. It is also relatively easy to demount from the car even if people perhaps are not very
used to the mounting method. One of the few drawbacks with this solution is the fact that it is
not a common mounting method with completely known capabilities.

Figure 41 - Expanding plug used by Honda (A2MAC1, 2013)

4.3.2 Rear mounting

The rear holder was most commonly attached with screws. The benefits and drawbacks of this
method is the same as when used for the front mounting. Some of the competitors used inserts
for the screws while others only had marks where the screw should be placed. The competi-
tors that used four screws instead of two were able to provide a more robust fastening. This
also reduced the noise and vibration problem that can occur while using two screws if the
holder is not tightly attached.

4.4 Patent investigation

In order to get a wider perspective of possible solutions that have been investigated over the
years a patent search was performed. It was also a way to get inspiration for further develop-
ment and to find possible customer delights that could be incorporated in the final solution.
The actual patent search was done on a global database, however most solutions found came
from North America or Asia. Since large parts of these markets use several kinds of license
plate holders, unlike for example Europe, this is not surprising. The information found was
associated with holders both for rear as well as front application. For a complete list of the
investigated relevant patents see Appendix 4.

One of the most apparent things found when exploring the patent data base was the incorpora-
tion of sensors for parking, or similar use, in the license plate holder. This did not seem rele-
vant for this project since it is more suitable as an aftermarket item that provides a function a
car possibly lacks. However, for Volvo Cars it would not be practical, better looking or more
economical to attach the sensors to the holder instead of the bumper like they do today.
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A large number of patents involved different license plate frames, which is supposed to make
the holder look more aesthetically attractive. These frames are rather personal and made in a
lot of different variants. The biggest market for these frames is USA. For Volvo Cars this
could enable them to make some extra money while the customers will be satisfied by getting
a unique car.

A problem that is highly investigated and solved in numerous different ways is the risk of
having your license plates stolen. A common way to solve this, according to the patent data-
base, is to have some kind of lock with either a key or an electronic solution controlled from
inside the car. Another rather simple design is to use an anti-theft fastener which is a cover
that protects the head of the screw that is used to mount the license plate. This is a cheap solu-
tion that most probable would solve the problem. However it would not be easy to demount
the plate even by the owner if needed. Since license plate thefts are increasing it is a relevant
topic and a problem that could need attention.

In contrast to the solutions that are supposed to hinder easy access of the license plate there
were numerous holders that were designed to ease the mount and demount of license plates.
Some manufacturers use springy fasteners that locks the license plate in place, but with just
one grip the fastening of the plate is released. Another solution seen was a holder that was
foldable with the help of hinges and without using any screws and bolts, instead taps are to be
inserted in the holes of the license plate. The foldable plate is then to be straightened out and
forms a fixed surface, see Figure 42.

Figure 42 - A patented holder that provides quick fastening (Espacenet, 1967)

A patent regarding safety was also found, which is very interesting since VVolvo Cars has such
a strong safety focus. The solution was to solve a problem of how to get attention from fellow
road users when you are in need of roadside assistance, similar to the warning triangle. In this
case the license plate folds down and shows a sign that says “HELP” which is supposed to
catch attention. The holder is also backlit and works in both a flashing and fixed mode.
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Another solution found in the database could decrease parking damages to the car and the
license plate. By using rubber guards on either side of the license plate a protection can be
achieved. It could also somewhat protect other cars as well as the owner's car.

Adaptability is also something that is of importance to investigate and there are solutions that
concern this challenge. The simpler versions are more or less about providing holes on a fixed
surface that can be used for fastening of different kinds of license plates. However there are
also more advanced solutions such as one where the mounting holes are placed on moving
arms that can be adjusted to fit most license plate sizes (see Figure 43). Although, one draw-
back of this solution is that it has quite a lot of different parts and there is a risk that it will be
rather expensive.

Figure 43 - Patent of an adaptable license plate holder that holds multiple sizes (Google Patents 2, 2013)

Some of the patents reminded of solutions investigated during other phases of the benchmark-
ing. For example adapter solutions used in order to fasten the license plate in the grille on the
front of the car. Even fastening systems for adapters patented by Toyota was found in the da-
tabase.
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5 Customer and user investigation

Volvo Cars have several different users of the license plate holder whose demands all need to
be considered. The most obvious user is the customer who buys the car. That person also of-
ten has family and friends who will act as secondary users. It is these persons who will be
affected by the appearance and quality related questions. For example, they probably want a
holder that is durable over time so they do not need to replace it after a few years.

Another user is the one who actually mount the license plate holder on the car. It can either be
personnel at the VVolvo Cars production plant, the car dealers or the customer himself. These
persons care that the assembly is easy and take as short time as possible.

Since the car has to be cleaned from time to time it is important that it is easy to clean around
and behind the license plate, if there are any visible gaps. This will affect the person who
cleans it, whether it is the customer or the personnel at the car wash. The car also needs to be
repaired from time to time. This means that the characteristics of the license plate holder also
can affect the garage mechanic.

5.1 Survey

In order to fully understand how to develop a license plate holder that the customer wants, a
survey was performed. It was also a good way to understand what the customer was prepared
to pay extra for and the characteristics that was not so important. The result of this investiga-
tion will serve as a guideline when developing the new holders. The respondents of this sur-
vey were Swedish citizens with a variety of different parameters such as ages, sex and driving
experience. The actual survey can be seen in Appendix 5.

It was easy to see that the customer often did not have that many demands on the license plate
holder. Many customers had not reflected upon the license plate holder, since it has such as
simple purpose. When looking at the “Kano model” one can describe these as basic needs.
From Volvo Cars point of view it is interesting to find the characteristics that would be re-
garded as performance needs and delighters in order to develop a premium feeling of the
whole car. From a customer point of view a good holder is a holder that is securely attached to
the car with no risk of losing it either while driving or by a thief. It should be robust so it does
not vibrate and generate noise during driving or closing the tailgate. The visual appearance of
the license plate holder should affect the design of the car as little as possible.

The first questions in the survey were about the placement of the front license plate. A majori-
ty of the interviewed persons want to have the license plate on the lower half of the front, see
Figure 44. A reason for this is that “the license plate gets out of the way” and the eye do not
draw that much attention to it. This is probably why no one preferred the highest placement of
the license plate. The two medium placements are the ones that are most common today
among cars. It is therefore likely that the interviewees picked a choice that they recognized.
The placement obviously also depends on the size of the grille and other characteristics of the
front but also the size and type of car. Almost everyone wanted to place the license plate be-
low the grille instead of in it. This is interesting since there is an increased trend among com-
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petitors to place the license plate in the grille. But of course there are other factors that could
have influenced the interviewees as well.

M High
B Medium-high
= Medium-low

M Low

Figure 44 - Preferable position of front license plate

It was not that easy to determine what the best placement of the rear license plate was (see
Figure 45). Many of the respondents considered placing it on the trunk equally as good look-
ing as placing it on the lower bumper and had a hard time choosing between them. Overall,
slightly more respondents preferred to place it on the bumper. The reasoning was the same as
for the front, to get the plate out of sight when looking at the car. This can also be beneficial
from Volvo’s point of view, since it completely will remove the problem with noise and vi-
brations when closing the tailgate due to a loose license plate.

W On the trunk

B On the bumper

Figure 45 - Preferable position of rear license plate

It was very hard for the respondents to determine what the best option for the front license
plate was. Equally as many persons believed that an adapter was best looking as of mounting
the plate directly on the bumper. The conclusion can be that from a customer’s point of view
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the choice does not matter, as long as it is well executed. Some less good looking adapters
could be found in the competitor analysis which probably would have been a worse choice
than mounting it directly onto the bumper. A way to make the adapter blend in more to the car
and create an integrated look is to paint it in the same color as the rest of the car. This look is
something that was preferred by most respondents and they also considered paying extra to
achieve this look, see Figure 46. The amount was mostly around 0-200 SEK. However, some
people considered to pay a lot more while others thought it should come as standard. This
look might be more admirable on luxury cars, where the total cost of the car is large compared
to the amount of paid extra for the visual add-on. The normal black plastic version was often
considered to be more admirable when the car had other contrasting areas, such as a black
grille.

m0sek

H 0-100 sek
m Colored

™ 200 sek
m Black

W 1000 sek

M 3000 sek

Figure 46 - Preferable look of the adapter and how much to pay for a colored version

Many of the respondents did prefer to have an anti-theft system for the license plates. The
ones that did not want to have it did not consider license plate thefts to be a problem, instead
they believed that it would make the solution more complicated to use. Of those that wanted
to have an anti-theft solution most of them were able to pay extra for it, see Figure 47. The
price is probably much lower compared to the amount of problem the customers will have if
being a subject to the crime. Therefore it can be seen as an insurance against thefts.

m 0 sek
M Yes M 200 sek
H No 1000 sek
M 3000 sek

Figure 47 - Desire to have an anti-theft solution and suitable cost of it
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When asking questions about the advertisement on the license plate holders most respondents
believed that it had a negative impact on the aesthetics of the car, see Figure 48. Some people
even expressed that it ruined the whole look of the car just by being there. However, even if
they do think it makes the car look less appealing it is not certain that they will solve the prob-
lems themselves by replacing the holder. Instead they probably accept the fact that they have
a holder that makes the car somewhat less appealing. From a car dealer point of view it is easy
to see why they like the advertisement ability since it gives them advertisement at a very low
cost.

H 1 (No impact)

m2

m3

m4

M 5 (Greatly reduced
aesthetics)

Figure 48 - The impact of advertisement on the license plate holder
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6 Development phase

This section includes information about the development of the front as well as the rear li-
cense plate holder. The development phase is divided into two sections in order to make it
more understandable since the result of the two holders is quite different. They will both start
with a presentation of the requirement specification followed by a concept generation and
evaluation. After this section the final design will be presented that will match the stated re-
quirements.

6.1 Requirement specification

A requirement specification was made in order to make sure that the end result is satisfactory
from all the different stakeholders’ point of view. It contains legal demands, Volvo Cars re-
quirements as well as customer desires. In Table 3 the requirements are stated together with a
justification and a motivation for each requirement and desire. It is stated if it concerns the
rear holder, the front holder or both of them. The desires are those requirements that are
wished for in order to create a competitive edge. These are the things that will allow the cus-
tomer to pay the premium price for the car.

Table 3 - Requirement specification

Front,
Req. / Rear or
Desire Both Specification Justification Motivation
Visibility

R Both The license plates must be visible Swedish, Japanese and Must be achieved in order to fulfill
and in good condition. American legal docu- the function of the license plate.

ments.

R Both A license plate cover or holder must | American and Chinese Must be achieved in order to fulfill
not obstruct or impair the recogni- legal documents. the function of the license plate.
tion of the license plate infor-
mation.

R Front The front mounting bracket shall be | Chinese legal docu- Controls the license plate placement
mounted on the front bumper or ment. in order to make it easy to spot and
grille of the vehicle. read.

R Rear The solution should not impair with | Volvo Cars demand. It is important that the chosen con-
the laws for illumination of the rear cept does not make it difficult to
license plate. illuminate the license plate.

R Front The license plate on the mounting Chinese legal docu- Regulation that is ensuring proper
bracket shall be practically vertical ment. visibility of the license plate infor-
or it may be inclined to the vertical mation. It also controls that the plate
at not more than 15 degrees with is not facing downwards, making it
the surface bearing the registration hard to read.
number upwards.

R Rear Approved vertical inclination of EU legal document. Regulation that is ensuring proper
license plate is -5° to 30°. visibility of the license plate infor-

mation.

R Rear Approved vertical inclination of Chinese legal docu- Regulation that is ensuring proper
license plate is 0° to 30°. ment. visibility of the license plate infor-

mation. It also controls that the plate
is not facing downwards, making it
hard to read.

R Front The license plate shall be placed American legal docu- Controls the license plate placement
maximum 1,52m from the ground. ment. in order to make it easy to spot and

read.
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Rear The license plate shall be placed American legal docu- Controls the license plate placement
between 0,30 and 1,52 m from the ment. in order to make it easy to spot and
ground. read.

Rear The license plate shall be placed EU, Chinese legal doc- Controls the license plate placement
between 0,30 and 1,20 m from the uments. in order to make it easy to spot and
ground. read.

Rear License plate must be placed at the | EU legal document. Controls the license plate angles
center point and perpendicular to relatively to the longitudinal plane in
the longitudinal plane of the vehi- order to make it easy to spot and
cle. read.

Both The license plate on the rear Chinese legal docu- Controls the license plate angles
mounting plate/bracket shall be ment. relatively to the longitudinal plane in
perpendicular or practically per- order to make it easy to spot and
pendicular to the longitudinal plane read.
of symmetry of the vehicle.

Both The license plate mid-point shall Chinese legal docu- Controls the license plate placement
not be in the right-hand side of the ment. in order to make it easy to spot and
plane. The license plate and the read.
mounting plate/bracket shall not
project beyond the left outer edge
of the vehicle's rear end.

Fastening

Both The license plate must be fastened Internal mail within Law stated in order to ensure a se-
with four M6 screws in China (by Volvo Cars regarding cure and standardized fastening of
2016). new legal req. in China. the license plates.

Both The license plate must be fastened Japanese legal docu- Law stated in order to ensure a se-
with M6 screws in Japan. ment. cure and standardized fastening of

the license plates.

Rear The license plate must be attached EU legal document. Stated in order to ensure that the
to a flat surface (max 5000 mm license plate has enough room in
radius) of following dimensions order to be securely mounted and
520*120 mm or 340*240 mm. visible to others.

Rear Installation brackets shall have a Japanese legal docu- Regulation that is used to make sure
sufficient plate thickness at the ment. that the license plate always is se-
position of the screw attaching a curely fastened to the license plate
number plate, etc., so that at least holder and furthermore the car itself.
three threads of the screw can be
assured.

Both License plate shall be securely Japanese legal docu- Should prevent the plates from
mounted. ment. swinging and risk of falling of the car.

Both The license plate should preferably Customer desire. Many customers want the license
be difficult to steal. Thus the holder plate to be securely attached to the
has to be securely fastened as well. car to reduce the likelihood of plates

being stolen.

Rear A seal shall be installed at the posi- | Japanese legal docu- In order to prevent license plates
tion for seal on the left side of the ment. from being stolen the Japanese have
motor vehicle registration number stated this law. It will make the li-
plate on the bolt that is used to cense plate more difficult to steal
fasten the plate. and you will more easily see if the

plate has been tampered with.

Both It must be ensured that the mount- | Chinese legal document | Requirement that needs to be as-
ing plates/brackets shall not work and customer demand. sured in order to be sure that the
loose, deform and not be able to be license plate holder is securely fas-
removed without removing or tened to the car. This is a necessity in
destroying the license plates during order to have a good place to fasten
the normal use of the vehicle. the plate.

Both The license plate adapter has to Volvo Cars and Custom- | This is demanded in order to ensure

have such rigidity and provide
sufficient support so that the
adapter and license plate can with-
stand automatic car washes.

er demand.

that the qualities of the car should
remain high and that normal use
should be possible.
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Front The pressure on the bumper dis- Volvo Cars and Custom- | If the caris engaged in a parking
tributed from the adapter should er desire. collision the adapter should have as
be as low as possible in case of low negative impact of the damages
parking collision. (on both this car and the other part)

as possible.

Both The license plate must be possible Customer demand and In some states in the USA the license
to demount for the North American | internal mail within plates belongs to the person and not
market. Volvo Cars regarding to the car. When a car is resoled to a

legal requirements in new owner the license plates are
the USA. removed.

Both The license plate should be easy to Customer desire. In some states in the USA the license
mount and demount from the car. plates belongs to the person and not

to the car. When a car is resoled to a
new owner the license plates are
removed.

Front The license plate and holder should | Customer desire. Customers in USA and those that
preferably not leave marks when show off their cars at gatherings
removed. want their car to look nice even

without front plates.

Front No attachment points should be Customer desire. License plates in the front are not
visible in the front. used in 21 of 50 states in the USA.

Sometimes VCC also uses their cars

without license plates, on the front,

in commercials and in showrooms.
Safety

Front The front of the car cannot have a Swedish legal document | Volvo is a car brand with strict safety
shape that will be harmful to pe- and Volvo Cars demand. | focus and a harmful design could
destrians during a collision. injure pedestrians.

Both Not to harm the safety features of Volvo Cars demands. Volvo is a car brand with strict safety
the car. focus and decreasing the safety

capabilities of VCC cars would not be
acceptable. Thus it is important to
investigate what is behind the
mounting surface.

Both Not to harm the safety features Volvo Cars demand. Volvo is a car brand with strict safety
associated with active safety sys- focus and decreasing the safety
tems or in any way lower its capa- capabilities of VCC cars would not be
bility. (Including parking aid etc.) acceptable. Thus it is important to

investigate what is behind the
mounting surface.
Technical

Both The holder of the license plate Japanese legal docu- This is a requirement stated in order
should be of sufficient size in order ment and customer to prevent the license plates from
to prevent the license plate from demand. being bent and becoming in bad
being bent if exposed to external condition which will make it less
forces. aesthetic and functional.

Rear Installation brackets shall have Japanese legal docu- Sufficient rigidity will be needed in
sufficient rigidity. ment. order to give a reliable fastening for

the license plate.

Both There should be minimum risk of Volvo Cars and custom- | By reducing the risk of corrosion both
corrosion. er demand. the look and the functionality will be

preserved more easily.

Both The uses of standard materials are Volvo Cars desire. Standard materials can be used in
preferable. order to lower cost and have good

accessibility to the material on the
market. It will also mean that the
material has proven its capabilities in
previous use.

Both The license plate holder should Volvo Cars and custom- | The holder should fulfill its purpose

approximately have the same life

er desire.

length as the car it is mounted on.

during the time the car is on the
market.
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Both

The license plate and its holder
should not cause noise or vibration
that will affect the customer per-
ceived experience in a negative
way.

Volvo Cars and custom-
er demand.

Vibrations and noise has earlier been
a serious problem, especially con-
cerning the rear holder on the tail-
gate, which has lowered the overall
impression of the car.

Both The customer perceived quality is Volvo Cars and custom- | In order to comply with the high
to comply with the high quality and | er demand. quality of the rest of the car it is
luxury level of the rest of the car. important that the license plate

holder is of equally high quality.

Both The material use is to be kept at a Volvo Cars demand. In order to use as little resources as
minimum. possible the use of material should

be kept to a minimum. This will save

money, decrease weight as well as

continue to a sustainable future.
Economical

Both The cost of producing the license Volvo Cars and custom- | By reducing the cost of the license
plate holder should be kept to a er desire. plate holder the profit of it will in-
minimum. crease.

Front The holder should not cost more Volvo Cars demands. A requirement made in order to
than 30 SEK to produce per car secure that the cost of the license
type. plate holder does not exceed the

budget.

Front The tooling costs needed in order Volvo Cars demands. This is a limitation in order to secure
to produce the license plate holder that the equipment cost does not
should not be more than 1 million become too high. For example new
SEK per car type. technologies that require brand new

production equipment can be a
problem.
Design

Both The license plate is preferably to be | Customer desire. By having the license plate tightly
placed fairly close to the body of placed it is more likely that the de-
the car. sign won’t be affected.

Both It would be beneficial if the license Customer and Volvo A license plate that is in bad condi-
plate could be kept in a good condi- | Cars desire. tion and covered with dents, cracks
tion. and dirt is not good for the overall

impression of the car.

Both Be applicable for future car models. | Volvo Cars demand. One of the main goals with this pro-
ject is to produce a holder that can
be used for future car models.

Both The solution should be innovative. Volvo Cars and Custom- | An innovative solution is desirable if

er desire. it offers the customers something
extra and the solution becomes more
competitive.

Both As few versions of license plate Volvo Cars desire. In order to keep cost down the num-
holders as possible should be de- ber of versions is to be kept to a
signed (including different markets minimum. This will increase the
and car models). economy of scale.

Both The license plate holder should at Volvo Cars demand. The mentioned markets are the ones
least comply with the preconditions that are most important or have
for the Chinese, American, Japa- been found to have strict regulations
nese and EU market. regarding the license plate and its

fastening.

Both If the license plate holder is Volvo Cars desire. Providing a solution that could solve
adapted, in a profitable way, to the fastening of license plates in
more markets then the ones previ- several smaller markets could be
ously mentioned it is positive. beneficial both regarding cost and

the qualities of VCC cars in their
markets.

Both Affect the overall design approach Volvo Cars and custom- | The license plate and the holder are

in a negative way as little as possi-
ble.

er desires.

items that often are contributing to
the design of the vehicle in a negative
way.
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Both The material of the license plate Volvo Cars and custom- | By selecting a material that agesin a
holder should not age in a way that | er demands. predictable and favorable way the
significantly will lower the aesthetic holder will keep fulfilling its intended
or physical capabilities of the hold- function and look as new longer.
er.

Both Accessibility of visible surfaces Volvo Cars and custom- | In order to have a car that is aes-
while cleaning should be possible. er desires. thetically attractive it is important

that a basic job such as cleaning it is
convenient to perform.

Rear Making the license plate holder Volvo Cars desire. By making the holder backward
backward compatible. compatible it is possible to use it as a

spare part even for older cars which
would be economical.
Environmental

Both The license plate holder should be European legal docu- From the year of 2006 the reuse and

partly recyclable. ment, Volvo Cars and recovery shall be a minimum of 85 %
customer demands. and the reuse and recycling shall be a

Both The license plate holder should European legal docu- minimum of 80 %, by an average
preferably be completely recycla- ment, Volvo Cars and weight per vehicle and year. By the
ble. customer desire. year of 2015 the reuse and recovery

shall be increased to a minimum of
95 % and the reuse and recycling
shall be increased to a minimum of
85 %, by an average weight per vehi-
cle and year.

Both The holder should not include Volvo Cars and custom- | This is one way to secure that the car
substances that are directly harmful | er demand. is made with sustainable thinking in
to nature or humans. mind.

Both The holder should be as light as Volvo Cars and custom- | If designing a lightweight version the
possible. er desire. car will use less fuel and hopefully

less material. Both aspects will lower
the environmental impact.
Manufacturing and assembly

Both Make the license plate and its Volvo Cars, customer Itis in everybody’s interest that the
holder easy to assembly. and car dealer desire. license plate as well as the holder is

easy to mount onto the car.

Both The adapter should be constructed Volvo Cars desire. By making the adapter easy to manu-
so that it is Designed For Manufac- facture it will be cheaper to produce.
turing.

Both The assembly time needed to Volvo Cars, customer Itis in everybody’s interest that the
mount the license plate as well as and car dealer desire. license plate as well as the holder is
the holder should be as low as quick to mount onto the car.
possible.

Both There should preferably be no need | Volvo Cars, customer By making it possible to mount with-
for special tools for the mounting of | and car dealer desire. out special tools there is less need for
the license plate holder and the new costly equipment. The mounting
license plate. procedure might also be more famil-

iar.

Both The design should be done ina way | Volvo Cars, customer A design that guides the person that
that makes it clear how to mount and car dealer desire. performs the assembly will ease the
the license plate and the holder. work and will have many other posi-

tive benefits.

Both The license plate holder has to be Chinese legal docu- This is a way to secure that there is a
mounted before the car is imported | ment. way to mount the license plate to the
to the Chinese market. car.

Both It would be positive if the license Volvo Cars, customer By reducing the number of parts the

plate holder and its fastening con-
tained as few parts as possible.

and car dealer desire.

holder will be easier to mount and
there will be fewer parts to store and
handle.
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D Both The degree of commonality should Volvo Cars desire. Having a high degree of commonality
be as large as possible. will increase the volume of the com-
mon parts which will make them
cheaper to produce. The assembly
will also be easier and storage
cheaper etc.

D Both The number of unique parts should | Volvo Cars desire. By having as few unique parts as
be kept to a minimum. possible the fixed tooling cost will be
lower as well as assembly and stor-
age will be more efficient etc.

6.2 Fastening of the license plates

As seen in the requirement specification there is some countries that have specified the fas-
tening of the license plate through legislation. In China you soon need to fasten it with four
M6 screws and in Japan with two. Since these screws have a metric pitch they need corre-
sponding threads in the holder in order to function. This means that other fastening solutions
such as self-threading screws cannot be used for these markets.

Volvo’s current license plate holder in North America uses dome nuts to fasten the license
plates. However, there were no regulations that stated that these had to be used. When inves-
tigating the competitors on the American market it could be seen that Volvo was unique with
this solution today. All the other car manufacturers use more or less standard screws. The
dome nuts are a very expensive solution and do not give that many benefits. Some customers
might say that they do look nice, but as mentioned earlier in this report they have a risk of
pinching the cars during parking collisions. A better solution would be to replace them with
the same kind of screws used for the Chinese and Japanese market.

6.3 Add-ons and delighters

An add-on or delighter could allow the customer pay a higher price for the product by provid-
ing them something extra. Most likely it will add an additional cost for Volvo Cars, but it
provides a possibility to get an increased profit. It also is highly connected to the “designed
around you” principle that Volvo Cars are pursuing, for example by giving the customer a
choice to make things more personalized. There is also a driving need in China and some oth-
er countries to increase the luxury feeling of the car and to show others that they have style.
These concepts provide something extra in addition to the basic qualities of the holders and it
could be used together with the main design that will be chosen for the license plate holders.

6.3.1 Specially colored adapter/holder

The adapter/holder can be painted in the same color as the car to make it blend in more (see
Figure 49). Another alternative of this add-on is to paint it in a contrasting color to make it
stand out even more. This is a premium feature that is used on some competitor luxury car
models today. By providing some models with specially colored adapters they would proba-
bly be perceived by the customer as a more luxury model and will differentiate the Volvo car
model range. It could also be provided as a personal add-on to all the car models if you want
to pay extra or be a part of a styling package as one of many additional features. For example
it could be included in specific model versions such as the sportier R-design in order to in-
crease its appeal. The only adaptation that has to be made is to color the adapter.
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Figure 49 - Adapter that is colored in the same color as the rest of the car

6.3.2 Specially made license plate frames

These frames allow the owner of the car to make it look more personal. The frame can for
example be provided with text, sparkling crystals or other embellishments. This could make
the holder to be regarded as more premium and therefore attract customers who desire these
characteristics. Variants of this are popular in USA today and there is for example Volvo ver-
sions of frames provided as well. Similar to the specially colored adapter there is a potential to
include this to the model range in some way. These frames would probably also be easily
mounted on the holder or adapter, which would make them more or less modular at least with-
in one and the same market.

6.3.3 Advertisement ability

By providing the holder/adapter with advertisement ability the car dealer might be interested
to take the cost or part of the cost of the license plate holder. This is currently how it works in
EU where the license plate holder is financed entirely by the car dealer which of course is
very economically beneficial. However, in this market it is difficult to affect the qualities of
the holder itself which in turn might affect the perceived impression of the holder in a nega-
tive way. In USA the dealers sometimes adds advertisement on a frame that can be mounted
to the holder by using the screws used to fasten the license plate. This makes it possible for
them to include advertisement without paying any part of the holder cost. Potential VVolvo
Cars customers do however get the car dealer information where to buy a new Volvo car.

6.3.4 Help sign

The holder can be provided with an illuminated help sign. This will allow the driver to more
easily get attention when in need of help. The hazard warning device used today with flashing
lights does warn other road users. However it does not inform when people in a car are in
acute need of roadside attention. This would be one way of achieving this with simple means.
However, in today’s society this solution could be regarded as quite primitive. A more exclu-
sive communication-solution like Volvo’s On-Call service might be more appropriate.
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6.4 Anti-theft solutions

Since license plate thefts are a big dilemma around the world it was interesting to find out
different solutions on how to prevent them from being stolen. These concepts are presented
below followed by an analysis of their applicability in this project.

6.4.1 Lock with akey or a code

This solution will use a lock that mechanically will secure the license plate by for example
locking a license plate frame in place (see Figure 50). Access can be secured by providing a
key or a code that will be used in order to open the protection holding the plate. A drawback
with this concept is that the need of accessing the license plate is not frequent so when the
actual need of releasing the plate is relevant the code or key is forgotten.

Figure 50 - A patented solution that locks the plate with a key (Google Patents 1, 2013)

6.4.2 Seall/screw cover

Anti-theft fastener is a cover that protects the head of the screw that is used to mount the li-
cense plate (see Figure 51). By covering the head it will be much more difficult to demount
and steal the plate. However there will also be problematic for the owner to demount the plate
as well, which could be a problem on markets where mounting and demounting of the plate is
necessary throughout the lifetime of the car. Since these screw covers has an entirely separat-
ed function with an interface that matches all possible holders, as long as the plate is fastened
with some kind of screws, it can be used as a modular component. The cover can then be add-
ed to selective markets where there is a need and a possible profitability in theft protection.

Figure 51 - Screw cover (Rockler, 2013)
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6.4.3 One way screws

The license plate could be fixed to the holder by using one-way screws in to the standard
mounting holes (see Figure 52). It would however make it difficult for the owner of the car to
remove the plate as well. A solution might be to use one way screws on the markets where
there is no need to remove the plates and regular screws on the other markets where there is a
need to mount and demount the plate. This makes it a somewhat modular concept which
could be beneficial since there is no adaptation needed of the holder in order to use this con-
cept.

Figure 52 — One-way screw (Allied Bolt, 2013)

6.4.4 Fastening from the plate to the engine compartment

By having a long screw or something similar that goes through the plate, adapter and the
bumper/grille the screw can be securely attached inside the engine compartment with a nut
(see Figure 53). The same effect can be made by having a string or a similar fastening. If one
wishes to remove the plate you first have to open up the hood which only the owner is able to
do. It could however be problematic to reach the fastening inside the engine compartment
since it is not much room in there. It would also require a complete design that is adapted to
this anti-theft method. It could also be problematic on the markets where there are high de-

mands on accessibility.
/ Bumper
Adapter

Figure 53 - Screw that goes through the adapter and bumper and locked by a wingnut inside engine compartment
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6.4.5 Evaluation of the result

It was found that there often is a trade-off regarding how securely the license plate is fastened
and the ability for the owner to remove the plates. Since the Americans need to have a remov-
able fastening solution it will be hard to incorporate an anti-theft solution on this market. The
Japanese holders will be provided with a seal from the government which will protect the
plates from being stolen. No additional anti-theft solution will be needed for this market. It
would be good to provide an anti-theft solution for the European market, but since Volvo are
not providing the license plate holders for this market it will be hard to build-in a good solu-
tion. This leaves the Chinese market alone as a candidate for an anti-theft solution. Since this
is a relative small sales volume it will be too expensive to provide them with an extra anti-
theft solution.

It is still not determined if the customers around the world are prepared to pay extra for an
anti-theft solution provided by Volvo. In the customer survey many were prepared to pay ex-
tra, so there could be a large potential. But on the other hand the study was quite small and
only performed on Swedish citizens. Also, several different websites exist that provide these
solutions if the customers find out that they do need it. Solutions that fixed this problem can
cost as little as 20 SEK which is why it would be hard for Volvo to compete with this offer.
Of course there are customers who will not know about this or have the time to fix it them-
selves that are prepared to pay extra to get the solution directly when buying the car. This is
why there could be a market potential after all.

One shall also keep in mind that the customers who get their plates stolen will not blame Vol-
vo as long as the holders have good quality and good fastening to the plate and the car. When
looking at the competitors’ one can see that no one is providing anti-theft solutions. Therefore
the customers at least will not miss this solution or blame Volvo for not providing it.

6.5 Development of the front license plate holder

Here follows the development of the front license plate holder. The main challenges are de-
scribed in order to better understand what is to be achieved by the holder. Based on this in-
formation concepts will be generated and evaluated.

6.5.1 Main challenges

Based on the requirement specification, several different main challenges were discovered.
These main challenges served as main focus during the generation of new concepts. Most of
these challenges regarded tradeoffs that had to be made in order to fulfill all requirements and
create a good quality concept.

When looking at the requirements for the different markets one will see that the sizes of the
license plates differs quite a lot. Therefore, there is a need to match these demands by devel-
oping several different license plate holders. There is also a desire to have as few variants of
the holders as possible which is why a holder that can hold license plates of different sizes
could be beneficial. This needs to be combined with the goal that it should look good and
function well on all the main markets. At the same time, the cost should be as low as possible,
because neither customers, nor VVolvo Cars, are willing to pay big money for a license plate
holder.
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A second challenge is to make a concept that is both rigid, provides good support for the
plate, delivers good fastening of the license plate and that is built with high quality. At the
same time the holder should be as light as possible in order to minimize the total weight of the
car and preferably be environmentally friendly. There is also a customer desire on most mar-
kets to make the license plates anti-theft proof which makes it positive to have a license plate
that is securely fastened. It is of course also important that the license plate is at its intended
position and do not fall off. However, in contrast to the anti-theft desire there is also a need to
easily be able to transfer license plates from one car to another in the American market.

The final challenge is regarding the uncertainty on how the cars will look in the future. The
only thing that is more or less certain is that the cars is to be designed with a more complex
front with less obvious room for a license plate. More practically this will be problematic
when the concepts are to be evaluated and one concept is to be chosen. Some concept solu-
tions may for example be more suitable for mounting in the grille while other might instead
be more applicable to a more homogeneous front shape.

6.5.2 Different alternatives of the front license plate holder

Several different alternatives regarding the development of the front license plate adapter do
exist. Volvo Cars can use the same strategy as today, namely having a flat front together with
the current license plate holders. However, since this design was not desired in the future it is
no need to develop this any further. The other way of doing it is by having an integrated inlay
or an extruded flat surface placed on the bumper or grille. This means that you are able to
mount the license plate directly to the surface or use the same holder as today. However, it
forces Volvo Cars to deliver several different variants of the bumper for the different markets
if the license plates shall match perfectly. This is not efficient from an economical point of
view since Volvo Cars have a relative small sales volume. The integrated solution is also
mostly used on low-end cars and might not suit the overall appearance of the more premium
image that VVolvo Cars is looking for.

The most suitable version to solve this problem is by using a separate adapter. This adapter
will allow the transition from a complex to a flat surface. Since the adapter is separated from
the car it is possible to use the car with or without the adapter. This is for example beneficial
when the car shall look at its best during promotion and advertisement without a license plate.

Several different ways of developing separate adapters do exist. Even if some alternatives
lead to a reduction of the number of adapters needed, it is the overall cost for Volvo Cars that
is out of most importance. The simplest solution is to develop a separate adapter that can be
used together with the current front license plate holders. One can also develop an adapter that
has integrated fastening mechanisms for the license plate inside the adapter, which will elimi-
nate the need of the holder. Due to the similarity in size between some holders, namely the
Japanese and the American one, it might be an alternative to merge them together. This would
raise the overall manufacturing volume of the holder. One can also merge all the adapters into
one. However, there is a risk that this holder will have lower performance than specialized
versions and also be more complex and thus more expensive. The final alternative, and also
the most appealing, is to have a holder that is compatible with all the different license plates
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in the world. However it is a risk that the holder will be too expensive if one makes it too
adaptable. For example if regulations are very specific or strict for one market it could be a
wise decision to make a separate solution for that market or one could group markets together
that have similar preconditions.

Even if Volvo Cars choose to use a separate adapter for their future cars the placement of it
can be uncertain. The most obvious choice is to place the adapter right on the bumper just
below the grille, much like they do today (see Figure 54). If they will change the design more
radically of the front, it might be a better solution to place the adapter in the grille instead.
Today the space in the top grille is occupied by the large logo which will reduce the likeli-
hood of placing it in the top grille, which is why a more suitable position might be in the low-
er grille. The same goes for the floating or non-floating appearance of the license plate.
Whichever choice they will make today is perhaps not the choice they will make in the future.
This is why concepts on both appearances have been investigated.

Figure 54 - Volvo V60 Plug-in Hybrid front (Motortrend, 2013)

6.5.3 Concept generation for front adapters

This is a presentation of all of the ideas that came out of the brainstorming sessions. It is im-
portant to note that no concept below is complete and most of them only solve part of the
problem. The adapter concepts below can more or less successfully be mounted on either the
bumper or the grille depending on the future design. Many of the concepts generated deal
with the adaptability to several markets. Some of these concepts are designed to be as dis-
creetly as possible in order to minimize the risk of making the car less aesthetic. Some other
concepts are designed to make the holder as appealing as possible which can beautify the car.

The estimated number of unique parts is given for each concept below. It will serve as a
guideline on how expensive and complex the solution will be. The preconditions stated that
the holder should be applicable for the Chinese, Japanese, American and EU market, includ-
ing Italy. This means that five different markets need to be considered. Since every bumper is
unique there is also a need to define the number of car models provided. The estimated num-
ber here is 10 different car models.
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6.5.3.1 The Full-size

This is an adapter that follow the surface of the car and that cover the whole area of the li-
cense plate. This means that many different variants needs to be developed in order to fit the
different car models and markets, see Figure 55. This is the solution that is preferred by many
competitor car manufacturers, which makes it a safe choice for Volvo Cars. The main benefit
is that the holder provides good support for the license plate and integrated mounting attach-
ments. Since the attachment on each adapter is fitted to just one market it will be an easy as-
sembly. On the one hand it is a simple solution which makes it possible to produce it at low
cost. On the other hand many different variants are needed since the produced volume will be
low which can result in a higher cost.

+ Simple solution, widely used, good support for license plate
- Several variants needed
o0 Integrated look, 50 unique parts

CH Version US Version

= &=

Figure 55 — Two different versions of The Full-size

6.5.3.2 The Big Separate

This is a solution that is based on “The Full-size”. However, instead of integrating the mount-
ing attachment a holder is used together with the adapter in order to separate the mounting
function from the adaptability function, see Figure 56. By separating the functions the overall
dimensions can be reduced and it will have a better recyclability. There is however a risk that
the extra holder will make it more costly than having it integrated. Also, there is a risk that it
will be a visible gap between the holder and the adapter which will lower the integrated look
intended with this design.

+ Simple adapter without inserts, separated functions

- Both holder and adapter needed, several variants needed, not as integrated as “full size
adapter”

0 Integrated look, 51 unique parts

Figure 56 - The Big Separate
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6.5.3.3 The Small Separate

This concept uses a small common adapter together with corresponding holders for the differ-
ent markets, see Figure 57. Since the adapter is so small, a floating visual effect will be
achieved. This floating effect leads to a lower plate support compared to many other solu-
tions, which might lead to a deformed license plate. The reason why the holders are needed is
due to the lack of space for attachment points on the small surface. It also increases the sup-
port and rigidity of the plate. Economically it is beneficial that one and the same adapter can
be used on all markets however there is also the extra cost of using separate holders.

+ Common part, simple structure
- Both adapter and holder which adds cost, the plate might be deformed
o Floating look, 11 unique parts

Adapter and holder

_____

L eyl
lI

[ f—

Figure 57 - The Small Separate

6.5.3.4 The Spacer

In this concept a license plate holder is mounted on top of four spacers that are mounted to the
car, see Figure 58. This is a concept that is very simple in its design with few parts which
means that it probably will be very cheap. The holders can be the same as the ones used today
or enhanced versions. Since the standard EU license plate holder is provided for free it will be
a very cost efficient solution. This would make the spacers the only thing that is included by
Volvo Cars on the European market. The look with this solution will be floating for all mar-
kets. However, there is a risk that the holder will be perceived as less rigid and provide less
support for the license plate in situations such as taking the car to an automatic car wash with
brushes. When performing parallel parking it could also be a risk that the spacers would cre-
ate high pressure to the bumper, if the car is to collide with another car. The small contact
surface might then result in a situation where a hole is being punched through the bumper.

+ Very few unique parts, cheap
- Less rigid, low support of plate, high risk of bumper damage
o Floating look, 6 unique parts

Holder
Spacers

VN

Figure 58 - The Spacer
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6.5.3.5 The Cover

This is an extension of the concept “The Spacer”. A full size cover is placed on top of the
holder and the spacers in order to provide an integrated look (see Figure 59). By having a sep-
arate holder the cover does not need to have any mounting attachments which will reduce the
complexity. The cover can also be made very lightweight and simple since it does not need to
support anything. However, many different variants of the cover are needed in order to fit all
the car models and markets. The volume on the holder and the spacers will be high which
might lower the cost. Only spacers and a cover are needed to be provided for the EU market
since the holder is provided for free. The assembly time might be extensive due to the sepa-
rated functions.

+ High volume on some parts, separated functions
- Many parts needed, hard assembly, many unique parts
o0 Integrated look, 56 unique parts

Holder
Spacers

L YA

Figure 59 - The Cover

6.5.3.6 The Side Covers

This is an extension of the concept “The Spacer” where a holder is used together with four
spacers. In this concept side covers are attached to the holder in order to hide the spacers
when looking from the side. This concept is mostly appropriate if the gap between the upper
edge of the license plate and the car is rather tight, see Figure 60. This concept will most like-
ly contribute to a floating look for most markets. For the European market where no holder is
needed one could mount it on the holder anyway, mount it directly on the spacing’s without
covers or find a unique side cover solution for the license plate.

+ High volume on some parts, partly integrated look despite little material
- Many parts, low support of plate, hard assembly
0 Mostly floating look, 26 unique parts

Figure 60 - The Side Cover, with a good design on the right and a not so good on the left

71



6.5.3.7 The Centerpiece

The adapter has a centerpiece that is common for all markets and license plate sizes. In order
to adapt to the different license plate sizes extra parts can be added to the sides. It is these
extra parts that have mounting attachments for the plate which means that the centerpiece can
be very simple. It will provide an integrated look for all markets which enables very good
support of the plate, but many different form fitted pieces is needed to achieve this. For the
non-EU markets there will be a hollow area in the lower part of the adapter (see Figure 61).
Since lots of parts are needed the assembly will be expensive.

+ High volume on common part, full plate support, few unnecessary attachments
- Many unique parts

0 Integrated look, 101 unique parts

Market specific

Common centerpiece
p1eces

.
o1°

Figure 61 - The Centerpiece

6.5.3.8 The Two-part

This design has a common top part that is used on all the different markets and it is form fitted
to the car. Just by using the top adapter you are able to mount the EU plate together with the
already provided EU-holder on top of it. By attaching a lower part it will also fit the remain-
ing markets, see Figure 62. The result will be a floating effect for the EU and Chinese mar-
kets, and more of an integrated look for the other two markets. It will be high volumes of the
common part, but it needs a lot of mounting effort.

+ High volume on the common part, few parts
- Low plate support, different appearance on all markets, high mounting effort
o Floating as well as integrated look, 11 unique parts

CH, JP, US FU

Figure 62 - The Two-part
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6.5.3.9 The Wings

A small adapter that is common for all markets is placed on the car that is fitted to follow the
shape of the front. On top of this common part another market specific adapter is mounted,
which are shaped like wings and will not touch the actual car (see Figure 63). It will create a
good support for the license plate and give a somewhat integrated look, but it will never be a
fully integrated solution. By using a common adapter for all markets the volume of that part
would be high which would lower the cost. On the other hand there will be needed to have
individually made wings for all intended target markets. This is unavoidable if the size of the
support is to match the license plate.

+ High volume on common part, low number of variants
- Relatively complex design
o0 Half integrated look, 15 unique parts

Figure 63 - The Wings

6.5.3.10 The Corner

This concept has four small adapters that is placed at the attachment points appropriate for
each license plate, see Figure 64. The most suitable option would be to place these adapters in
the grille. Otherwise many different adapters would be needed if they were to be form fitted to
the car. A drawback with this approach is that the support behind the license plates is rather
poor. It would be a very complex assembly since you have many different parts and they have
to be placed at exact locations.

+ Low weight
- Low plate support, high assembly time, many parts
o Floating look, 200 unique parts

)

l ®m @
L )

Figure 64 - The Corner
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6.5.3.11 The Puzzle

Relatively small building blocks can be assembled together in order to fit all license plate siz-
es on the market, see Figure 65. This would make it possible to create an adapter that has the
same size as the license plate on all markets. It could also be achieved with the same parts
which make it very modular and the volume of these parts would be high. Although it might
be problematic to organize these pieces in a way that successfully forms all the appropriate
sizes. It would also be difficult to make them adapt to the irregular surface of the car and by
using this many components it will most probably be time consuming to assemble.

+ High volume on common parts, good license plate support
- Many parts, high assembly time, complex
0 Integrated look, unknown number of unique parts

Figure 65 - The Puzzle

6.5.3.12 The Extendable

A form fitted small adapter is mounted to the car. On top of this adapter four extendable arms
are mounted, see Figure 66. Since the arms are extendable and rotatable it allows for a mount-
ing of license plates of any size. On each arm an attachment hole could be placed, or a corner
piece, that will fix the plate. The volume of the holder will be very high since it can be used
on every market. However, the complexity of the part might increase the cost. This solution
will also have a very hard assembly of the license plate.

+ High volume of common part, adaptable to any market
- Hard license plate assembly, complex part, low license plate support
o Floating look, 11 unique parts

L‘/

Figure 66 - The Extendable
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6.5.3.13 The Rotatable

This concept uses a common centerpiece with fixed mountings at the top and two rotatable
arms at the bottom (see Figure 67). Since the arms are rotatable and are provided with a num-
ber of holes it can be adaptable to different sizes of license plates and hole patterns. For ex-
ample; when you mount a plate that is high and narrow the arm would be placed almost verti-
cally. As for a wide plate the arms would be placed horizontally. Unique centerpieces have to
be made for all models since they have to follow the shape of the car. By making it fit all
markets it will be produced in a large volume which is an economically positive aspect. There
will however also be a complex solution with movable parts which could make it more expen-
sive as well. The mounting of the license plate could also be a problem since the rotatable
fastenings might be hard to get in the exact position.

+ High volume of common part, adaptable to many markets
- Hard license plate assembly, complex part, low license plate support
o Floating look, 11 unique parts

usS EU
o &

Figure 67 - The Rotatable

6.5.3.14 The Foldable

This solution uses an adapter with fixed mountings at the top together with two small plates
with mounts on the bottom of the adapter. The plates can be folded down to extend the sur-
face in which larger plates can be mounted on, typical for the Japanese and American market
(see Figure 68). This makes the solution adaptable to a lot of different license plate sizes. For
markets with narrower plates the fold down attachment will be in its upper position and the
plate could be placed directly on the adapter and the upper mountings. This would create an
increased floating appearance for these markets. Since this holder is produced to fit all mar-
kets the volume will be high which would affect the price in a positive way. However, the
form fitted adapter would increase the number of unique parts somewhat.

+ High volume of common part, adaptable to many markets
- Complex part, low license plate support
o Floating look, 12 unique parts

Figure 68 - The Foldable
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6.5.3.15 The Springy

This license plate holder is based on one small centerpiece that has fixed mountings at the top
and a lower part that are able to move up and down, see Figure 69. The upper part is also
equipped with a slot that will function as a counterweight against the force from the springs.
The springs are placed below the lower part of the centerpiece and will hold the license plate
in place. The springs will make the holder adaptable by providing flexible lower mounts
equipped with a slot. By creating a solution that is adaptable to all license plate sizes the vol-
ume of the holder will be high which will lower the cost. However there is a high risk that the
holder will be expensive since it is a rather complex design.

+ High volume on common part, adaptable to many markets
- Complex, low license plate support

o0 Floating look, 13 unique parts
i(

Figure 69 - The Springy

6.5.3.16 The Angle

This is a bracket that holds the license plate and it is mounted to the bumper or grille (see Fig-
ure 70). In this example it is an angled bracket but it could be possible to make a holder that is
mounted more directly on a flat surface as well. This solution is also cheap since it is a simple
design which is easy to manufacture. Depending on the placement of the bracket it can hold
various sizes of license plates which make it adaptable. The height could be more challenging
to fit for all markets, which probably means that a big and a small version need to be devel-
oped. Another problem could be that the holder provides an insufficient support of the license
plate surface. It could also be a problem with the mounting of the license plate as well as the
placement of the holder to the car, since the distance between the holders is not fixed.

+ High manufacturing volume, simple solution, adaptable to many markets
- Low support for plate, long assembly time
o Floating look, 4 unique parts

Figure 70 - The Angle
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6.5.3.17 The Curtain

In this concept the license plate holders is stored inside the bumper but can be pulled out and
placed onto the front depending on which size that is needed. The license plate is then mount-
ed on the dropped down “curtain”, see Figure 71. The parts that are not needed will then be
securely placed inside the bumper, which means that unnecessary parts always has to be in-
stalled on the car even if they are not to be used. This will contribute to an increased weight
and an additional cost. The positive aspect is that the same solution can be used on all markets
and the adapter is always there to be used or to be put back.

+ Ability to “hide” the license plate holder, same solution for every market
- Complex solution, takes up space behind the bumper, increased weight
o Floating look, 5 unique parts

Market-specific
“curtains”

|-y

All “curtains” up

L )

Figure 71 - The Curtain

6.5.3.18 The Pocket

In this concept the license plate can be inserted into a pocket in the grille, see Figure 72. The
large pocket also makes it fully adaptable to different license plate sizes. In order to make the
license plate fully visible, a hole could be cut out by the dealer that fits the size of the license
plate. A small overlap could also be used in order to secure that the plate does not fall out.
Another variant of this concept is to have a grille made out of glass with holes all over the
surface, and fasten the plate from the outside through these holes with screws. However this
would affect the design of the front as well as it would take up room in the grille.

+ Protects the license plate, adaptable to many markets
- Takes place in the front, affects front design
0 Integrated look, O unique parts

Pocket for
plate

Figure 72 - The Pocket
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6.5.3.19 The Screen

A LCD-screen or similar visual equipment can be used as a display of all the different kinds
of license plate instead of using the actual license plates (see Figure 73). By doing this an in-
tegrated look would be achieved. Using one screen would make it possible to use only one
kind of license plate holder for any market which holds the screen in place. Using a screen
that is powered by electricity might be problematic regarding reliability. Since the screen is
expensive and fragile it might also be a practical problem.

+ Adaptable to many markets, same solution on every car
- Expensive screen, fragile, reliability problem
0 Integrated look, 1 unique part

“j Can display any
type of plate
W)(X X XX XX number

—

Figure 73 - The Screen

6.5.3.20 The Mirrors

By using reflecting mirrors the license plate can be mounted somewhere inside the engine
compartment and project the visual image of the plate to the front of the car (see Figure 74).
The visual effect is as if it was mounted directly to the bumper. It could hold any type of li-
cense plate and it would be hard for a thief to steal the plate.

+ License plate is protected from thieves and during light collisions
- Takes up a lot of space, complex
0 Integrated look, unknown number of unique parts

—

|
\—5

Mirrors

Plate

Figure 74 - The Mirrors
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6.5.4 Evaluation of separate adapter solutions
To choose between all these concepts some evaluation methods were used. These have the
purpose of screening the concepts out until only one final concept remains.

6.5.4.1 Elimination matrix

The purpose of the elimination matrix was to eliminate those concepts that did not fulfill the
requirement specification or was not suitable for VVolvo Cars (see Figure 75). It resulted in
four concepts being eliminated.

Fulfills the demands of
the requirements list
Realizational in
Suitable for Volvo Cars

principle

Solutions Pursue/Eliminate Comment

Separate adapter concepts

The Full-size
The Big Separate
The Small Separate
The Spacer

The Cover

The Side Covers
The Centerpiece
The Two-part
The Wings

The Corner

The Puzzle

The Extendable
The Rotatable

The Foldable

The Springy

The Angle

The Curtain Too complex

The Pocket Affects the design
The Screen Legally forbidden
The Mirrors Too complex

Figure 75 - Elimination matrix of the front adapters

6.5.4.2 Pugh-matrix

The Pugh-matrix was used to eliminate the least promising concepts (see Figure 76). Different
criteria were used to help with the evaluation. These criteria had its foundation in the re-
quirement specification. It regarded performance qualities such as rigidity, weight, anti-theft
and mounting of plate. Many of the other criteria regarded the cost in many different ways;
for example commonality between parts, purchase price and assembly time. The theories of
design for manufacturing and design for assembly were used in the evaluation. An example of
this is the amount of assembly steps that served as an input on how long the assembly time
would be. It resulted in four concepts being eliminated.
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Figure 76 - Pugh matrix of the front adapter
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6.5.4.3 Weight determination matrix

To establish the importance of the various criteria a weight determination matrix was made,
see Figure 77. The criteria were compared to each other to see if the requirements were more,
less or the same importance. An overall weighting of the criteria could then be established.
The most important criterion is the parking collision followed by a low purchase price and a
low number of unique parts. These weighing were then to be used in the Kesselring matrix.

Criteria Sum| Tot |W(%)
A |Anti-theft 1,5 0042 4,2
B |Low assembly time/cost 55 | 0,153 | 15,3
C|Low purchase price 6 0,167 | 16,7
D |Low weight 1,5 | 0042 | 4,2
G [High rigidity 55 | 0,153 | 15,3
H |Parking collision and car wash qualities 6,5 0,181 | 18,1
J |Easy to mount and demount plate 1 [10028| 28
K |Recyclability 2,5 10069 ]| 6,9
L [Number of unique parts 6 | 0,167 | 16,7
Tot 36 | 1,000 | 100

Figure 77 - Weight determination matrix of the front adapter

6.5.4.4 Kesselring
The Kesselring was used to eliminate some more concepts (see Figure 78). This time the cri-
teria was weighted, which means that the most important criteria, such as cost, had a much

bigger impact on the result. Eight of the twelve remaining concepts were eliminated with the
help of this method.
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Figure 78 - Kesselring of the front adapters
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6.5.4.5 Concept comparison

Four different promising concepts remained after the Kesselring was made. It was easy to see
that it was no solution that was best in every investigated parameter. In order to display this
more clearly a concept comparison was made, see Figure 79.

The Full-size The Wings The Small Separate The Spacer
CH Version Holder
Spacers
|/ ’ LY H
Integrated <Visual appearance 2> Floating
Convex < Suitable shape of bumper > Concave
Many < Number of variants needed 2> Few
More < Cost to produce =2 Less
Expensive < Cost to develop new models - Cheap
More < Rigidity 2> Less
More < Parking collision protection 2> Less
Worse < Adaptability for remaining markets >  Good

Figure 79 - Concept comparison of the remaining front adapters

As seen, the cheapest solution would be to choose the concept “The Spacers”. Since the cost
is one of the most important parameters it would be easy to say that it is the winner. However,
due to the floating look of this concept there might be some problems with bending of the
license plates during car washing and parking collisions. Also the concept is much less rigid
than the more integrated solutions. By making it integrated the cost will most likely also be
that much higher, so the question is if the floating appearance is good enough and how much
difference in cost there actually is between the concepts. A more thorough cost estimation had
to be made in order to investigate this.

6.5.4.6 Cost estimation and evaluation

A better cost estimation was made in order to make a decision among the top four concepts,
see Appendix 6. The purpose was not to investigate the actual cost of the new holders, but to
see how much difference in cost it potentially could be. To help with this cost estimation the
Custompartnet website was used (Custompartnet, 2013), together with the already captured
knowledge of the current license plate holders production and tooling costs.

The cheapest solution is once again “The Spacers” followed by “The Small Separate” (See
Figure 80). The fact that these two concepts are cheaper is due to the fact that they use the
free EU standard license plate holder. However, “The Small Separate” is only slightly cheaper
than “The Full-size” if one take the tooling cost into consideration. What was interesting was
that the concept “The Wings” which initially was considered to be cheaper than “The Full-
size” actually turned out to be more expensive. Even though the concept called “The Spacer”
is considerably cheaper than most concepts it is not certain that it will provide enough license
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plate support and it therefore had to be eliminated. The most promising concept is “The Full-
size” since it provides the best license plate support, good rigidity and fast assembly at a de-
cent price. It is also considered to be a safe bet since it is how many competitors are solving it.
Even if it is more expensive than some other concepts, it still fulfills the specified requirement
of 30 SEK/holder.

The Full-size The Wings The Small Separate The Spacer
Average cost / holder 13,15 12,19 7,26 1,29
Average cost / holder (inc. tooling) 18,69 25,48 15,32 6,56

Figure 80 - Concept cost estimation

6.5.5 Fastening of the adapter

In order to make the concept complete, there are more things that needs to be included to ful-
fill the requirement specification and reach the goal of the adapter. The many different ways
to fasten the adapter are mentioned in Appendix 7. However it is important to notice that not
all fastening methods are possible to combine with the selected concept. This also has to be
evaluated and kept in mind when investigating the fastening solutions. Afterwards an elimina-
tion matrix is presented together with some words about the chosen concept.

6.5.5.1 Elimination matrix

The fastening concepts are inserted into an elimination matrix in order to remove those that
either do not fulfill the requirement specification, are realizable in principle or suits Volvo
Cars (see Figure 81).

4
& Pursue/Eliminate Comment

demands of the
requirements list
Realizational in
principle

Suitable for Volvo

Fulfills the

Solutions

Screw with nuts

Screw with wingnut
Screw with movable nuts
Screw with fixed inserts
Screw with movable spacers
Screw with threaded hole
Molly bolts

Bolt with molly insert
Self-tapping screw

Rivet joints

Expanding plug

Tow hook insert Must be placed in the center

Tape Too easy to remove holder
Glue

Velcro straps Too easy to remove holder
Magnets Too easy to remove holder
Electro magnets Too complex

Suction cup Too easy to remove holder

Snap fasteners

String, wire or cable tie
Center of gravity

Clips, clamps and pressure
Self-locking geomentry

Will add too much weight

Figure 81 - Elimination matrix of the fastening methods for the front adapter
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6.5.5.2 Chosen fastening solution

Many of the previously mentioned fastening concepts could be used to fasten the adapter in a
more or less successful way. However, a choice had to be made and it was self-tapping screws
that were considered as the best solution. The other concepts could not match the overall per-
formance of using a simple self-tapping screw. It has the benefit that it requires no changes to
the bumper, so it will look good in every state in USA. Also it is very cost efficient and re-
quires no special knowledge or tools to mount it. It is also a solution that will be durable over
time.

6.6 Development of the rear license plate holder

The preconditions for mounting the rear license plates has been pretty much the same over the
years, which was not the case for the mounting of the front license plate. This makes the chal-
lenges quite diverse and the development of the rear license plate holder is more focused on
cutting cost rather than delivering a more breakthrough product development. However, there
is certainly a need to make the holder work across the Volvo Cars model range and to make it
applicable for the target markets.

6.6.1 Main Challenges

Based on the requirement specification, several different main challenges have been discov-
ered that will serve as a future focus when generating new concepts. These are mostly regard-
ing tradeoffs that have to be made in order to fulfill all requirements and create a good quality
concept. Since a large part of the challenges are somewhat the same for the front respectively
the rear of the car they will be more or less just a summary.

Much like for the front holder, one of the main challenges will be regarding the tradeoff be-
tween the need of a lot of variants, in order to adapt to all market needs, and the desire to have
as few versions as possible. However, it is not necessary that the solution has to be adapted to
the European market which was the case for the front adapter. The EU-holder used today is
provided by the car dealer and will add no cost for Volvo Cars. Since it is fulfilling its func-
tion in a satisfactory way a new concept would need to be a clear improvement and add sig-
nificant value for the end customer if it would make sense for VVolvo Cars to take the cost.
This makes it possible for some concepts to be developed without the eventual need for a Eu-
ropean adaptation.

Another challenge that needs addressing is also in common with the front license plate holder.
The holder has to be rigid and have a good quality in order to give sufficient support to the
license plate. At the same time the cost and weight must be low, as well as it is a desire to use
standard materials. Same as for the front there is also a desire to have a securely fastened li-
cense plate. At the same time there is a need to transfer the plates from one car to another in
some markets which makes it beneficial to have a plate that is easy to remove.

6.6.2 Different alternatives of the rear license plate holder

Several different alternatives on how to proceed with the development of the rear license plate
holder existed. Since the current rear license plate holders do work satisfactory the new con-
cepts had to be essentially better in order for it to be wise to replace the old ones. This means
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that even if the number of holders could be reduced by some concepts, it is the overall cost for
Volvo Cars that was out of most importance.

e Alternative 1: Change nothing. Keep the current holders that have been developed for
EU, Japan, USA and China.

e Alternative 2: Enhance the current holders for Japan, USA and China to make them
better. Only do small changes, the main concepts should remain the same in order to
keep the change cost low. Leave the EU holder as it is.

e Alternative 3: Due to the similarity in size between the holder for Japan and USA it
might be an alternative to merge them together. This would raise the overall manufac-
turing volume of the holder. Leave the China and EU holder as they are.

e Alternative 4: Merge all the current holders into one. However, there is a risk that this
holder will have lower performance than specialized versions and also be more com-
plex and thus more expensive.

e Alternative 5: The final alternative, and also the most appealing, is to have a holder
that is compatible with all the different license plates in the world. That would make it
possible to reach out to new markets to a greater extent than today.

6.6.3 Concept generation for rear holder

Many of the concepts that was generated for the front adapter will somewhat work as a con-
cept for the rear holder as well. However, sometimes additional changes have to be made to
the concept in order for it to work perfectly as a rear holder. The concepts will not be de-
scribed in this chapter once again, instead look in chapter 6.5.3 for a full description. The
concepts that are presented here are the ones that only serve the purpose as a rear license plate
holder.

6.6.3.1 The Surface

One simple way of dealing with the mounting of license plates could be to directly mount all
license plates on the surface of the car (see Figure 82). The mounting of the plate would have
to be with screws which mean that several attachment inserts has to be placed on the car.
However, several different rear trunks will be needed since the different plates cannot cover
up all the mounting holes. This would probably be a rather costly solution. Mounting directly
on the surface also increases the likelihood of getting noise and vibration problems.

+ No separate holder is needed
- Different rear trunks is necessary, noise and vibration problems

Figure 82 - A Fiat 500 with mountings for the plate directly on the tailgate
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6.6.3.2 The Flat

This concept uses a flat bracket that is fully rectangular and is made in several versions in
order to fit all markets, see Figure 83. This concept will be simple and cheap to manufacture.
However it will need some kind of fastening for the license plate and car. Since these fasten-
ings will stick out from the holder they can scratch the surface of the car. A spacer could be
used to create a distance to the car in order to avoid this. However, the holder would become
less rigid by doing so.

+ Simple design
- Scratch risk, less rigid

Figure 83 - The Flat

6.6.3.3 The Frame

In this concept a frame forms the outer boundary support for the license plate, see Figure 84,
In the center of the holder there will be a hole in order to make the holder lighter. However, it
is still important to make it rigid and well designed for fastening. It is also to be bent in a way
that distances the fastening from the car which prevents risk of scratches and noise.

+ Low weight
- Lower plate support

Figure 84 - The Frame

6.6.3.4 The H-bracket
This is a bracket where the holder forms an H-shape in order to provide sufficient support and
fastening possibility, see Figure 85. At the same time the slim design makes it possible to
make the bracket relatively lightweight. The outer arms of the H-shape are then bent in order
to separate the fastening from the car. This is also a design that has been used before and has
proven its functionality.

+ Low weight, proven to be well functioning
- Lower plate support

87



Figure 85 - The H-bracket

6.6.3.5 The Cross

A cross shaped design that will provide a lightweight structure as well as some license plate
support, see Figure 86. The center part of the solution is attached to the car and the holder is
then bent at the location of the mountings for the plate. Since the fastenings to the car are put
closely together, there might be a problem with rigidity.

+ Low weight
- Low rigidity, low plate support

Figure 86 - The Cross

6.6.3.6 The Shape

This holder is made in only one piece and is of the same size as the license plates in order to
create good support, see Figure 87. It can also have several weight saving pockets or similar
made in order to create a lighter design. However, it will have higher weight and require more
material than many other concepts.

+ Good support
- Market specific holders needed, higher weight

= |

Figure 87 - The Shape
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6.6.4 Evaluation of rear holders
To choose between all these concepts some evaluation methods had to be used. These have
the purpose of screening the concepts until only one final concept remains.

6.6.4.1 Elimination matrix

The purpose of the elimination matrix was to eliminate those concepts that did not fulfill the
requirement specification or was not suitable for Volvo Cars (see Figure 88). It eliminated 14
concepts that were not considered to be a suitable option.

Fulfills the demands of the requirements list

Realizational in principle
Suitable for Volvo Cars

Solutions

Pursue/Eliminate Comment
Holder concepts

The Full-size

The Big Separate
The Small Separate
The Spacer

The Cover

The Side Covers
The Centerpiece
The Two-part

Not needed since EU has separate holder
Not needed since the surface is flat

Not needed since the surface is flat
(Now only three parts is needed)
Not needed since EU has separate holder

The Wings Not needed since the surface is flat

The Corner

The Puzzle Not needed since EU has separate holder
The Extendable

The Springy

The Rotatable Not needed since EU has separate holder
The Foldable Not needed since EU has separate holder
The Angle Not needed since the surface is flat

The Curtain Too complex

The Pocket Affects the design

The Screen Legally forbidden

The Mirrors No room for mirrors

Mount directly on rear surface Holes can not be covered by EU holder
The Flat

The Frame

The H-bracket

The Cross

The Shape

Figure 88 - Elimination matrix of the rear holder
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6.6.4.2 Pugh-matrix

The Pugh-matrix was used to eliminate the four least promising concepts (see Figure 89). Dif-
ferent criteria were used to help with the evaluation. Just like in the evaluation of the front
adapter, these criteria had its foundation in the requirement specification. However, not all the
criteria that was used for the front adapter was relevant for the rear holder.
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Figure 89 - Pugh matrix of the rear holder
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6.6.4.3 Weight determination matrix

To establish the importance of the various criteria a weight determination matrix was made,
see Figure 90. The criteria were compared to each other to see if the requirements were more,
less or the same importance. An overall weighting of the criteria could then be established.
The most important criteria were low assembly and purchase cost as well as a low number or
unique parts.

Criteria Sum| Tot (W(%)
A [Low assembly time/cost 4,510,214 21,4
B |Low purchase price 4,510,214] 21,4
C |Low weight 1 (0,048| 4,8
D |High rigidity 4 (0,190 19,0
E |Easy to mount and demount plate 0,510,024| 2,4
F |Recyclability 2 |0,095| 9,5
H[Number of unique parts 4,510,214 21,4
Tot 21 (1,000 100

Figure 90 - A weight determination matrix of the rear holder

6.6.4.4 Kesselring

The Kesselring was used to eliminate some more concepts (see Figure 91). This time the cri-
teria was weighted, which means that the most important criteria, such as cost, had a much
bigger impact on the result.

What can be seen in the Kesselring is that there is not that much difference between most
concepts. It is therefore quite hard to tell whether or not some concepts are better than the
others. Since “The H-bracket” is a concept that has proven to do its job and is very appreciat-
ed by the customers it is wise to continue with this design. Some enhancements will also be
made in order to increase the perceived quality even more.
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Figure 91 - Kesselring of the rear holder
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6.6.5 Fastening method of the holder
The many different ways to fasten the holder and the license plate is mostly the same for the
front and rear holder with the use of screws, bolts, glue etc.

6.6.5.1 Elimination matrix

The fastening concepts are inserted into an elimination matrix in order to remove those that
either do not fulfill the requirement specification, are realizable in principle or suits Volvo
Cars (see Figure 92). Seven fastening methods were eliminated this way.
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S 22 -3 & Pursue/Eliminate Comment

Fastening method of holder
Screw with nuts
Screw with wingnut
Screw with movable nuts
Screw with fixed inserts
Screw with movable spacers
Screw with threaded hole
Molly bolts
Bolt with molly insert
Self-tapping screw
Rivet joints
Expanding plug
Tow hook insert

No tow hook in the rear

Tape Too easy to remove holder
Glue

Velcro straps Too easy to remove holder
Magnets Too easy to remove holder
Electro magnets Too complex

Suction cup Too easy to remove holder

Snap fasteners

String, wire or cable tie
Center of gravity

Clips, clamps and pressure
Self-locking geometry

Will add too much weight

Figure 92 - Elimination matrix of the fastening methods of the rear holder

6.6.5.2 Chosen solution

The chosen solution is to use screws together with threaded inserts at the location of the car
mount. It was the most promising concept and also the one that is used today. It provides good
robustness and it makes sure that the holder and the plate is mounted horizontally. The per-
manent inserts will be no problem since all the markets uses rear license plates.
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6.6.6 Reducing the noise, vibration and risk of scratches

Since there have been problems with vibration, noise and risk of scratches this is an area that
has to be dealt with. It is important both regarding the contact surface between the license
plate and the holder as well as between the holder and the car. However there are multiple
ways in order to prevent it.

6.6.6.1 Integrated rubber surface
The back of the license plate and/or the holder can be provided with a rubber surface which
can dampen the vibrations.

6.6.6.2 Rubber/foam spots
Small pads made out of rubber or foam can be placed on strategic locations on the back of the
holder and/or the license plate.

6.6.6.3 Rubber/foam pad
A large rubber/foam pad can be used to reduce vibrations, much like the pad that VVolvo Cars
are providing the EU holders with today.

6.6.6.4 Distance to the car

By having enough distance between the surfaces the likelihood of the components causing
unwanted vibrations will be reduced. However, the plate will be more vulnerable to external
forces.

6.6.6.5 Chosen solution

The most suitable choice for the H-bracket design is to have small rubber spots, which is the
solution used today on the North American and Japanese holders. It provides good noise can-
celling abilities and the holder does not vibrate or scratch the surface of the car. However,
several holes need to be drilled into the bracket for the placements of the rubber plugs. This
might not be the cheapest solution. Another alternative could be to use small sticker foam
pads used instead, like Volvo has on the Chinese holder. This investigation will be left as fu-
ture work.
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7 Final design of the front adapter

In this section the final design of the front adapter will be presented. It is based on the concept
that solved the core goal the best, in addition with the add-ons that might give something extra
to the customer. The entire concept will then have qualities that works well together and that
delivers a promising result as a whole. The concept will be described as if it were to be
mounted on the front bumper of the car, but in theory this concept would be applicable for
mounting in the grille as well. The main difference would then be the mounting fasteners and
the increased possibility of using an adapter that fits several different car models, since the
grille is more likely to be similar on different models.

7.1 The full-size

This is the concept that had most promising qualities and that fulfilled the requirement speci-
fication in a successful way. It is a solution that has been used by other car manufacturers and
it is proven to work well. It has also been a clear trend that a full sized adapter has been used
more specifically on cars that are in the more expensive price range. It is in this region where
the car models of VVolvo Cars are situated and will be in the future. This makes it advisable to
use a full-size adapter that will show customers that this is a more refined luxury car.

7.1.1 Design

The concept is first of all a support to the license plate and it is shaped to fit all the plates from
the addressed markets (see Figure 93). It is more or less leveled behind the license plate in
order to create this support. There are some pockets on the support surface that will make the
adapter a bit lighter. Along the edges of the license plate a discrete frame is extruded from the
adapter which surrounds the license plate. Due to this framing the plate is somewhat protected
from damage since it is recessed into the adapter.

Figure 93 - Front view of the EU-adapter

One other main goal was to compensate for the complex front of the car that might be de-
signed in the future. This is solved by letting the shape of the adapter follow the shape of the
car front. This makes it possible to distribute the pressure over a rather large area which is
good in case of for example a light parking collision or when the car is being cleaned in an
automatic car wash. By having a shape that follows the curvature of the car the adapter will
also look integrated to the car and it will not be possible to see any of the less attractive
mountings etc. The curvature of the adapter can be seen in Figure 94.
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Figure 94 - Rear view of the EU-adapter that shows the curvature

Design for manufacturing has been a foundation to the selection and final design of the con-
cept. For example in order to provide a cheap and well-functioning process it is important to
have a design that is simple and suitable for the intended tool. Since it is always important
with safety the adapter also has rounded edges that will prevent people from cutting them-
selves. However this is not a main focus since there is not much human interaction with the
front license plate and the adapter in the first place.

The design of the adapter together with the license plate will be perpendicularly placed on the
bumper, relative to the ground. This is the most aesthetically appealing look and no angled
versions were needed due to legal requirements. Today the Japanese license plate holder is a
combined front/rear version and it is thus angled to fit the rear preconditions. This will not be
needed when using a separate front adapter.

7.1.2 Variants

Since this is a concept that is fitted to each individual license plate from the target markets
there will be several variants needed. However it is decided to combine two of the markets on
one and the same adapter. The North American and the Japanese license plates are quite simi-
lar in size thus is it possible to get an adequate result on a common adapter. Since the Japa-
nese market is a market with lower sales numbers it would also become rather expensive to
provide specific adapters for this market. The Japanese license plate will exceed the size of
the American sized adapter, which will make it look a little less appealing. However, the ex-
truded frame along the adapter edge is lower on this version (US/JP) so there will be no prac-
tical problems to do this. Two extra fastenings will also be needed on the adapter to mount the
Japanese license plate. In total there will be four different versions of the adapter for the dif-
ferent markets; European Union, Italy, China, Japan/North America. The combined Japa-
nese/North American holder can be seen in Figure 95 and Figure 96.
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Figure 95 - Front view of the Japanese/North American holder

Figure 96 - Rear view of the Japanese/North American holder

It will also be required to make the adapters fit the different car models. This is due to the fact
that the curvature on the car models will be different depending on the size and design of the
car. Even different versions of the same model, such as Volvo Cars R-design, might have a
different curvature of the front. If one suppose that Volvo Cars will have 10 different car
models this will result in 40 different kinds of adapters. This is due to the fact that the solution
proposes four different market specific adapters.
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7.1.3 Fastening of the adapter

The adapter also needs a fastening to the car that is reliable, cheap and easy to mount, just to
mention some of the many qualities needed. In order to secure this the mounting is made by
using self-tapping screws (see Figure 97). Volvo Cars has discovered that the current EU-
holder can be torn off when using two screws, especially after frequent use of automatic car
washes. It is therefore recommended to use four screws to fasten the front adapter in order to
provide a secure mounting. Since these screws are self-tapping there will be no need to make
premade holes in the bumper. This will make the front of the car look more aesthetically at-
tractive on the markets where license plates in the front are not needed.

Figure 97 - Different versions of self-tapping screws (Topnetting, 2013)

When developing the fastening of this adapter there has been a focus on Design for Assembly
as well as some ergonomic aspects. For example in order to secure that the fastening is done
at the right location dimples is used where the screw is to be placed on the bumper (see Figure
98). One can also provide contrasting stickers at the location of the dimples to make it even
easier during assembly to find the right location. If one is not using a front license plate one is
able to see the dimples when looking closely. When watched from a few meters away they
will however become almost invisible.

Figure 98 - Two dimples placed on the front bumper to aid the mounting of the adapter
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Indexations are also a method that can be used to guide the adapter into place. However this is
strictly dependent of the preconditions such as the curvature of the future car front. In the pro-
posed solution the adapter will be locked in all the necessary degrees of freedom so there will
be no need for additional indexations (see Figure 99 and Figure 100). If the design of the car
only makes it possible to lock it in some of the degrees of freedom one could add additional
indexations, such as snap fasteners or blocking geometry. Finding the right mounting location
should however not be a problem if the adapter is assembled in an automated process at the
assembly line.

Figure 99 - Side view of the front adapter

e

Figure 100 - Upper view of the front adapter

The adapter itself also has to be designed so that it will provide a tight mount to the car. The
surface behind the license plate will be suppressed at the locations where the screws are to be
located. These areas will then be parallel to the surface of the car at the mounting location
(see Figure 101). This makes it possible to place the screw perpendicular through the premade
holes of the adapter into the dimples in the bumper. These mounting holes should also be easi-
ly accessible in order to make them more suitable for assembly.

Figure 101 - Mounting holes for the adapter
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7.1.4 Fastening of license plate

In China as well as in Japan there is a legal requirement that M6 screws have to be used to
fasten the license plates. Using threaded inserts in the surface of the adapter solves this. For
the remaining markets the license plate will be mounted with self-tapping screws since this is
the cheapest solution. This was made possible due to the fact that there is no legal reason to
use either M6 or the American dome nuts for these markets. However, for the American mar-
ket it is important that the license plate is easy to mount and demount. Using self-tapping
screws seems to be good enough in this aspect and it is also a solution that is used by the ma-
jority of the competitors. This shows that it is best practice to do it this way. The fastening on
the combined Japanese/North American holder can be seen in Figure 102.

Figure 102 — On the left there is a threaded insert for the Japanese market and to the right there is a small hole for the
North American market

The European Union and the Italian license plates do not have pre specified mounting holes.
One solution used by some competitors is to drill holes in the license plate and then mount the
plate with self-tapping screws and color matched screw head covers. In this case self-tapping
screws is best practice and has sufficient qualities in this aspect. Mounting the plate directly
on the adapter gives a sleek appealing look that is preferable, see Figure 103. Although there
is a risk that some customers also might dislike the fact that screw head covers sticks out from
the flat surface making it look less appealing.

Figure 103 - An EU-plate placed in the EU-adapter without the standard holder
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When not using the standard EU-holder the car dealer will have a slightly more complex as-
sembly and there will be no possibility for dealer advertisement. Therefore it can be a prob-
lem to implement this if Volvo Cars cannot force them not to use the standard holder. This
means that it is probable that at least some dealers will continue using the standard license
plate holder. By using the standard holder on top of the adapter the result will be a bulky ap-
pearance, see Figure 104. However, a benefit for the dealer when not using the standard EU
holder would be that they do not need to pay for the holder and the car will look even better
which makes it easier to sell.

4

Figure 104 - A Volkswagen with both adapter and standard holder

7.1.5 Reducing the noise, vibration and risk of scratches

This issue has not been a big problem when mounting the holder on the front of the car. It is
also most probable that it even in the future will work well without any large actions taken to
prevent these problems. By having a large support area the chances of large vibrating motions
will be even lower.

7.1.6 Material selection and environmental aspects

A material has been selected that is easy to use in the manufacturing process at the same time
as it withstands external impacts and provides sufficient mounting capabilities for the self-
tapping screws. In order to fulfill these requirements a plastic material was decided to be used.
The material that is used by virtually all competitors is PP+EPDM, which also is the material
used in Volvo Cars Chinese license plate holder today. It is a polypropylene polymer mixture
with “ethylene propylene diene monomer rubber” which makes the material less brittle and
more rubber like. (Rutland Plastics limited, 2013) The homopolymer PP has low toughness
and can crack very easily if used in temperatures lower than 0°C. If instead PP is mixed with
for example 10% EPDM the material will get good toughness even at temperatures down to -
40°C. (Edshammar, 2007) This property is significantly important when the material is used
on a car in all different climates and temperatures. A material with more rubbery qualities like
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this will also be better in contact with the car from a noise and vibrations perspective. This
material is also frequently used, will be rather cheap to produce and its qualities are proven to
be good.

Using PP+EPDM also makes it possible to recycle the adapter in a good way and the polymer
mixture can be used once again. For example PP+EPDM bumpers has been recycled com-
mercially in Europe since the early 1990°s. (Utracki, 2002) PP is a non-toxic plastic and it is
used for example for food storage. Pure EPDM is for instance used as rubber seals within the
automotive industry. It can be somewhat harmful to humans and the environment but all in-
gredients are tightly bound to each other in a polymeric matrix so there is a low risk of inhala-
tion or ingestion of the ingredients. An exposure of the constituents is unlikely during normal
processing conditions and use. In this design with approximately only 10% EPDM the envi-
ronmental effects and the impact on humans is neglectable during normal use. If it is burned
EPDM substances could possibly be evaporated, but since PP+EPDM is recyclable this can be
avoided. (Federal Mogul, 2006) As mentioned before this is also a polymer mixture that is
used for several different components within the automotive industry already, both among
Volvo Cars and its competitors.

The environmental aspect also is a large part when talking about the actual design of the
adapter. However, a thorough Life Cycle Analysis has not been made since a more complete
design and weight information etc. would have been needed. If one ought to mention some
environmental aspects the inserts for example is made of metal in contrast to the rest of the
adapter which could make the recycling a bit challenging. The inserts are fitted tightly in the
plastic which probably makes it necessary to break the adapter in order to get the inserts out.
When the materials are separated it is perfectly possible to recycle the whole adapter.

7.2 Add-ons

In combination with this concept add-ons could be used in order to improve the customer per-
ceived impression. A good idea would be to provide an adapter that is coated in the same or a
contrasting color as the car (see Figure 105 and Figure 106). This could especially be a strate-
gy for the more expensive models or as an extra that the customer pays more money for. In
similar way a frame could be used that is personalized to fit each customer's taste (see Figure
107). This would serve as a possible extra income for Volvo Cars.

Figure 105 - A colored EU-adapter without the EU-plate
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Figure 106 - A colored EU-adapter with the EU-plate

Figure 107 - Diamond covered license plate frame (Devasbling, 2013)

7.3 Cost estimation and business case

Today Volvo Cars is only providing front license plate holders for the Japanese, North Amer-
ican and Chinese market. The large volume of the sold cars is in Europe where they do get the
license plate holder for free, namely the car dealer is the one who purchase them. This means
that the average cost of the front license plate holders for the total market, including Europe,
today is 3,59 SEK. By implementing front adapters on all the car models the average cost per
holder will be raised to 16,68 SEK. If one includes the additional tooling costs that is associ-
ated with the needed variants the average cost per holder will raise to 21,10 SEK (by dividing
the tooling costs over five years). So even if the adapter fulfills the requirement of a cost be-
low 30 SEK, it will still raise the average cost of each sold car by 17,51 SEK. However, since
the current holders cannot be used in the future, in combination with the complex front de-
sign, Volvo Cars does not have that many options. They will have to take the additional cost
or continue using the flat front design as they have today.

The whole cost estimation can be seen in Appendix 8. The estimated costs come from com-
parison with the current holders, for example the front Chinese holder which is similar look-
ing as the front adapter. This is although something that needs to be verified by the supplier
before implementing the new holders.
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8 Final design of the rear license plate holder

In this section the final design the rear license plate holder will be presented. It will contain a
more thorough description of the design, number of variants, fastening methods, material se-
lection etc. Also a business case regarding the new versus the old holders will be presented.

8.1 The H-bracket

The chosen concept is “The H-bracket” whose design is very similar to the current Japanese
and American holders. This design will be adapted to the Chinese holder as well, in an effort
to merge these holders together. The standard European Union and Italian license plate hold-
ers will remain the same, since the quality of those holders are good enough. It would not be
wise to add the cost of providing an own Volvo Cars license plate holder for these markets.

Much good feedback has been received regarding the design, robustness and price of the
North American and Japanese holders. This is why the essential design, structure and manu-
facturing methods will be kept the same. There is no need to fix what is not broken.

Volvo Cars have 9 different license plate holders today for three different markets. Five of
these holders have a flat design while the other four are angled upwards. Despite that all three
markets has various different license plate sizes the mounting holes for the license plates are
placed closely together. Since there were no risk of these holes clashing with each other it is
possible to combine the holders. Furthermore an effort was made to merge these holders into
two different variants by investigating the hole patterns regarding the mounting to the car, see
Figure 108.
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Figure 108 - A comparison of the hole pattern between the current license plate holders
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All the different variants of the flat holders are able to be merged together since the hole pat-
terns do not collide anywhere. As for the upward angled holder there is a collision between
the hole pattern of the Japanese XC90 holder and the regular Japanese one. However, it is no
problem to merge the other angled holders and let Japan XC90 remain the same. This is not a
big issue since the XC90 car model will be replaced shortly anyway.

When investigating what holes that actually are needed, it was found that the holes marked in
red in the figures above could be eliminated since they date way back and are not being used
anymore for the current car models. Also, the car manufacturers do not have to provide spare
parts for car models that have not been sold for the last ten years. It would most probably be
possible to use any of the other mounting holes on those older car models as well. The holes
marked as brown only indicates where the rubber spots are being placed. The exact location
of these can change in the future and it is not essential for the overall function of the holder
where they are located.

The green marked mounting holes are the ones that were specified to be in use on the current
car models. There were also some unknown holes marked in yellow that were not specified
which car they were meant for. It could be older car models or current car models that not
have been specified in the drawing. Since the hole pattern of the unknown and current mount-
ing holes did not collide it was decided to keep all of these holes. This will ensure that the
holder will be backward compatible. Since the actual hole pattern has not been changed the
position of the license plates will remain the same, as once specified by the designer at VVolvo.

8.1.1 Design

This holder is made out of three pieces which is placed in the shape of an “H”. The holder is
bent at the upper and lower part of the holder to provide room for the screws that holds the
plate so that they do not scratch the car (See Figure 109). The guidelines of “Design for man-
ufacturing” were used to make the holder as simple as possible which for example will ease
the production process. This resulted in a holder that can be stamped into shape, including all
the holes. The holder will also have milled holes provided with threads for the screws that
hold the license plate in place. It is a suitable choice for the chosen manufacturing method and
it is possible to make threads directly into the material.
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Figure 109 - Sketch of the new license plate holder

106



The sizes of the North American, Japanese and Chinese license plate differs slightly. This will
not be a problem since the license plate holder is smaller than the plates (see Figure 110). It
will still cover a large area in order to provide sufficient plate support and rigidity. Since the
license plate is securely placed in the recessed area of the tailgate it will not be a subject to
impacts, whereas the need of license plate support is not as severe as it is for the front adapter.

® North America ® Japan China

Figure 110 - The new flat holder with three different plates

However, as one can see the Chinese license plate will not have as large support area as the
other license plates. The plate is rather securely placed at the rear mount and the holder will
not stand out too much. But even if the license plate most probably never will bend due to
external forces, it can be a problem with noise and vibration. Since the plate is very close to
the surface of the car the plate might vibrate when driving or when someone closes the tail-
gate. By including a foam pad on both sides of the holder, behind the plate, the problem will
be eliminated. It will be an effective and cheap solution and it will be possible to mount the
foam pads at the assembly line. One will also have to investigate how it will look and function
as a front license plate holder and spare part for the current car models. It might be a problem
that the lack of plate support will cause the license plate to bend during parking collisions and
during a car wash.
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8.1.2 Variants

Two different variants of this design are needed depending on the car type and legislation on
different markets. The flat holder will replace five holders previously used on the Chinese,
Japanese and North American market (see Figure 111). The other holder is a slightly upward
angled which was needed due to legislation. It will replace three holders that were used on the
Japanese and North American market (See Figure 112). Since the angled holder only will be
used on two different markets it will have fewer mounting holes for the license plate com-
pared to the flat version. A comparison of the two different holders can be seen in Figure 113.

Figure 111 - CAD image of the new flat holder

Figure 112 - CAD image of the new angled holder
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Figure 113 - Comparison of the slightly angled holder to the left and the flat holder to the right

8.1.3 Fastening of the holder

The actual fastening of the holder will be done with standard M6 screws. The mounting sur-
face at the rear of the car will have threaded inserts, which allows a secure fastening of the
holder. This is the solution which is already used today and it is proven to work very well.

The hole pattern on the angled holder were able to be transformed into the new design without
any collisions. This was made possible by moving all the Japanese holes 1 mm upwards rela-
tive to the North American holder. It will not result in any differences when the holder and the
plate are in use. The design intentions of VVolvo will therefore remain the same. As for the flat
holder there was a collision between a hole that is currently used by a car model and an un-
known hole. This collision was solved by moving the unknown hole 2,3 mm downwards. This
will probably not affect the current car model, since there was no documentation on it being in
use. However, the front license plate on the North American market will be moved 2,3 mm
upwards if this hole were to be in use. The aesthetical impact and consequences of this design
change will have to be investigated in the future. One should also bear in mind that the only
impact is when the license plate holder is being used as a front holder. This will not be for a
long time if Volvo Cars decides to replace the front holders with adapters instead.

The holders will have four different holes to allow for different placement of the holder rela-
tive to the car (see Figure 114). This is needed since the same mounting holes cannot be used
for all car models and markets, due to different sizes of the license plates. However this
makes the assembly somewhat more difficult since you will have several holes to choose from
when mounting it by hand. In an interview with a car dealer in the USA it was apparent that
even if the person who mounts the plate have several different holes to choose from, one
simply will take the hole that looks the best on the car model. This might result in a case
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where everyone uses different holes even on the same car model, depending on what one
thinks look the best. A solution to this would be to enclose a simple mounting instruction with
each car that is car model and market specific. If Volvo mounts them to the car themselves at
the assembly line, like they have to do for the Chinese market, it will at least be less of a prob-
lem. It is also the possibility that the mounting will be done by an automatic assembly process
in this case.

Figure 114 - Holes used for mounting of the holder to the car

8.1.4 Fastening of the license plate

The plate will be fastened with standard M6 screws for both the Japanese, North American
and Chinese market. Their relative position can be seen in Figure 115. As previously men-
tioned the dome nuts on the North American market could be eliminated which makes it pos-
sible to use the same kind of screw for all the markets.

Figure 115 - Holes used for mounting of the plate to the holder
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8.1.5 Reducing the noise, vibration and risk of scratches

Five rubber plugs will be placed on the holder to face the surface of the car, one in each cor-
ner and the one in the middle. One of these rubber plugs can be seen in Figure 116. The front
of the holder will have rubber plugs in each corner to reduce the vibrations from the license
plates. It is a cost efficient solution to reduce the risk of noise and proven to work well with
the current Japanese and North American holders. As mentioned before, foam pads can be
used for the Chinese market to reduce the problem since the plate is slightly larger than the
holder.

Figure 116 - Rubber plug that will reduce noise and vibration

8.1.6 Material selection and environmental aspects

The holder will be made out of cold rolled low carbon steel, “DC01 EN 10130 which is the
same steel as in the Volvo metal holders today (Steelnumber 2013). It is a cheap solution that
fits the chosen manufacturing method. Since it is a small part which already is lightweight
there is no large benefit to make it in another material, like the much more expensive alumi-
num. The holders will be coated with a powder paint to ensure that the holders will not cor-
rode and inflict the premium feeling of the car. It is a more expensive solution compared to
coating it with Fe-Zn, which is what they do on the current North American holders. Howev-
er, it is necessary to use the power paint to provide enough corrosion resistance on all mar-
kets. The powder paint is used on the Japanese market today with a satisfying result. Using
black powder paint also makes the holder look better. This can be important since the custom-
er sometimes will see the holder, for example when changing the license plates in the USA.

The holder is very environmentally friendly since it only is made out of one material. The
steel is a material that requires relatively low energy to produce and it is a material that there
are plenty of. The noise reducing plugs will be made out of rubber and can easily be removed
during disassembly. This means that it is fully recyclable and it is an aspect that VVolvo Cars
take pride in. The powder painting is also a method that is more environmentally friendly than
other coating methods. There is a low waste of paint during coating which makes it very effi-
cient. It is also more friendly for the operators to handle. (AkzoNobel, 2013)

8.2 Add-ons

A possible add-on for the rear license plate holder is to provide the customers who pay extra a
license plate frame. This can be the same one as the ones provided for the front plate. Apart
from a personalized and exclusive look the frame also improves the support and rigidity of the
plate. This is something that could be beneficial for the Chinese market since their plate is
larger than the holder itself.
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8.3 Cost estimation and business case
The average cost of today’s license plate holders is 14,18 SEK. The tooling costs of introduc-
ing the two new variants proposed in this section will be around 500 000 SEK. The estimated
average cost of these two holders will be 11,17 SEK. This results in a net save of 3,01 SEK
per holder. The new tooling costs will therefore have a payback time of just above 8 months.
After this time Volvo Cars will start to save money.

The reason why the average cost will be lower is due to the higher manufacturing volume, the
elimination of the expensive dome nuts and the expensive shipping costs from China. They
also do not need to have that many different variants in stock. This last mentioned factor has
not been taken into account while doing the cost estimation, since it was hard to get an accu-
rate result. This means that the overall effect will be even better, thus even more money
saved. However, the production volume will decrease in the future if the front license plate
holders will be replaced by separate adapters instead. This will raise the average cost slightly.

The complete background of the cost estimation can be seen in Appendix 9. Most of the data
are from internal sources. The cost of the new holders was estimated and compared with a
similar holder that is used today. This is although something that needs to be verified by the
supplier before implementing the new holders.
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9 Discussion

This chapter will contain a discussion that serves as a wrap-up of the whole project. Both the
front and the rear license plate holder will be discussed regarding the outcome of the result.
The overall goals that were initially stated will be examined to see if the project fulfilled its
purpose. Finally the recommendations and the things that are left for future work are present-
ed.

9.1 Front license plate holder

The front license plate holder is very much dependent on the future design plan since the pre-
conditions will vary heavily depending on the front curvature. Will the front get more com-
plex or stay similar to the one that is being used today. Some luxury competitors such as
BMW are using a flat mounting surface without an adapter just like VVolvo Cars does. If it fits
the design it is no doubt the cheapest and most practical alternative to use no adapter. Accord-
ing to the customer study it was even preferred by many to mount the license plate directly on
the bumper. However even BMW has differentiated their car models and some of them has an
adapter despite that the front is equal to the others. It has become a hidden standard for the
luxury car manufacturers to use license plate adapters, especially for their most expensive
cars. It might be a risk that VVolvo Cars will not be perceived as part of this segment if they are
missing many of the important attributes, where the adapter seems to be one of them.

The adapter solution developed for Volvo Cars would provide positive qualities that they lack
today. It would for example create a greater possibility to differentiate their car models. But as
said above it will come with a price that VVolvo has to pay if this is to be a reality. The pro-
posed solution is not extremely expensive and it is within the budget set internally at VVolvo
Cars. One must also keep in mind that it will result in a large number of different variants of
the adapter. However the total number of car models is unknown for the future, as well as the
number of models with complex front in need of adapters. This makes it extremely difficult to
make a fully reliable business case.

One way to strengthen the business case could be to supply something extra to the customer
that VVolvo can charge more money for. This could increase the economical profit margin at
the same time as the car models might be perceived as something extraordinary. This would
also increase the possibility to personalize your car, which is a strategy much aligned with the
leading principle “Designed around you”. One way to get closer to this goal is to deliver a
license plate adapter in any desired color, possibly the same color as the car or a nice con-
trasting color that will accentuate the front. Another similar way can be to provide personal-
ized frames, around the license plate edges, or possibly an anti-theft protection that will make
the driver feel safer.

There are also more uncertainties regarding the main design of the future cars, since trends
change continuously. Today it is getting more common with large grilles at the front of the car
and it is seen that many of the car models are designed with the license plate on the grille. The
adapter solution that is developed in this case could possibly be used even on the grille if the
fastenings were to be changed into something more like snap fasteners. Other car manufactur-
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ers such as Audi use several different adapters and fastening solutions for their car models
which actually could be avoided if the grille has similar shape on all car models. That strategy
would lower the number of variants as well as decreasing the cost. If one ought to design a
front with a large grille one has to make sure that the overall airflow through the grille is suf-
ficient when the license plate is mounted. This will make it difficult to choose a design where
the license plate is fastened in a small grille.

9.2 Rear license plate holder

The importance of the front and the rear holder is quite different. While the front adapter often
is more in focus, the car manufacturers chose to hide the rear holder as much as possible. This
is why there have not been that many innovations in this area. The car manufacturers simply
do not think that putting development resources onto this part is out of most importance. It is
easy to understand why since the customer does not come in contact with it, it just has to ful-
fill its function.

What is beneficial for the car manufacturers that sell cars in Europe is that the car dealers take
the cost of the standard license plate holder. This has led to a silent agreement between all the
car manufacturers that this solution is good enough. No one has chosen to develop their own
European license plate holders. Therefore there is no need for Volvo to do it either since it
only would add unnecessary costs.

For the other markets; North America, China and Japan the case is somewhat different. Many
of the competitors investigated have very simple designs of their holders. Just like VVolvo, the
fastest solution when developing a new car might be to develop a new license plate holder as
well, rather than investigating if one can use one of the existing holders. This results in a lot
of different variants and adaptations of the holders which reduces the produced volume of
each individual holder. This might not be that devastating for larger car manufacturers who
have a large sales volume of their cars, but it is not the best idea for Volvo. With the final
design they are able to reduce the number of variants from eight to two variants. This will
raise the produced volume per part and lower the overall cost of the car. It is small things like
this where Volvo have to be innovative in order to compete in the automotive industry.

As previously mentioned, VVolvo has many different holes for mounting of the holder to the
car in order to achieve a “perfect” placement of all the different license plates. A strive for
perfection makes the design and mounting more complex which adds some costs. For exam-
ple, would it be necessary to develop a new license plate holder if the plate were to be misa-
ligned by a few millimeters? It might be enough to focus on these details on the main markets
only, and not on the minor markets like Japan. The same reasoning goes for the backward
compatibility that Volvo is achieving by having additional holes. At one point enough is
enough, it will probably not be wise to keep 30 year old holes just to be able to sell a few
holders as spare parts annually.

The need of adaptation also comes hand in hand with how much the design of the different car
models differs. Most of Volvo Cars license plates are placed on the tailgate, but on some
models they did chose to place it on the rear bumper instead. By choosing a common design
for all the car models the design of the license plate holder would become much simpler and

114



the number of variants needed would decrease even more. This reasoning is only realistic to
some extent, Volvo cannot afford to increase the similarities too much and loose differentia-
tion. It is also not vise to change the whole design of the rear just to reduce the variants of
license plate holders.

9.3 Fulfillment of the project goal

The first objective of this thesis was to develop an adapter for the front license plate that
would replace the existing holders. The main purpose of the adapter was to solve the problem
of having a complex front and a flat license plate. This was achieved by constructing four
plastic adapters that is designed to follow the shape of the car at the same time as it is adopted
to the license plate sizes. By doing this, the main focus markets will have sufficient license
plate fastening which in turn will cover approximately 97 percent of the market.

The second objective was to investigate the current holders for the rear license plate, and if
necessary develop new and improved version (-s). It was soon discovered that there were a lot
of different variants used that had been developed one after another and many of them were
several decades old. These holders were then possible to merge into two different variants that
served the same function as eight other holders. Depending on the mounting preconditions on
different car models one has to be angled and one has to be straight, at least if adapting to the
current models.

Benchmarks were decided to be an important part of this thesis, thus several kinds of competi-
tors were investigated both regarding the front and the rear holder. When it comes to the front
attachments of license plates there were mainly four different variants used by competitors.
These were, direct mounting on a flat bumper, having an inlay or an extrusion in the bumper,
having an adapter integrated in the grille and finally having a separate adapter mounted on the
bumper. In this case there were a clear trend that separate adapters were used on exclusive
cars which is the segment that Volvo Cars wants to be part of.

The benchmark of the rear holder showed different kinds of separate holder designs, many
similar as the design VVolvo uses today. There were for example also different types of holders
which had been combined to fit different markets. In this case the VVolvo Cars steel holders are
seen as a well-functioning alternative to the competitor solutions.

In order to fulfill the goal of this thesis the research questions and requirement specification
were in focus. One of the main demands was that the license plate holder is to be securely and
steadily mounted to the car. The front adapter is fastened with self-tapping screws and the rear
holder is fastened with M6 screws in order to achieve this. It will make it possible to have a
car front that looks nice without license plate as well, which is a desire in order to make it
more aesthetic in for example some parts of American.

The fastening of license plates is something that is heavily regulated with legal demands.
Thus the license plates will be fastened with M6 screws in China and Japan. On the front
holder it is not legally controlled how the license plate is to be fastened in Europe or the USA
but it is best practice to use screws. Since it is cheaper to avoid threaded inserts on the front
adapter self-tapping screw is used. This will secure that the demand of a secure mount is ful-
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filled at the same time as the desire of having the possibility to mount and demount the plate
is met. However there is a tradeoff between the cost and how efficient this mount is. On the
rear holder it is convenient to use M6 and threaded holes on all markets since the rest of the
fastenings are done with screws and there is no possibility to use self-tapping screws into the
steel holder.

One of the most important goals to handle was to keep the cost down and it has been a strong
focus throughout the project. In different ways this is executed on both the front and the rear
holder by giving attention to making a simple design, with cheap materials and focus on both
Design for Manufacturing and Design for Assembly. Keeping the number of variants as low
as possible has also been given a lot of attention. This is achieved practically by having the
Japanese and the North American license plate on the same adapter in the front. For the rear
the number of holders has been reduced from eight to two which significantly will raise the
production volume and lower the cost.

The final research question that was stated in order to ensure that the objective is to be ful-
filled was regarding the customer perceived quality. The front adapter was made to solve a
front complexity problem but it is also a way to raise the luxury feeling complying with the
main competitors. The adapter will also make the license plate look more integrated and there
will be a possibility to personalize it by adding extras such as license plate frames or coloring
the adapter according to taste. Concerning the rear holder, the task was not as centered on
improving the customer perceived quality since it was sufficient before as well. However
some things were possible to change in favor of the quality impression, such as all markets
now has a powder coating that gives better corrosion resistance and look. The North Ameri-
can dome nuts were not very appreciated and are costly to include, hence they were excluded
in the new design. The new holder is also larger than some of the old holders which will in-
crease the support on some markets. The drawback is that the support actually will get a bit
lowered for the Chinese market but the significance of this is not determined. All in all the
cost was lowered while the quality remained the same or increased slightly.

9.4 Future work and recommendation

This thesis delivers two concept solutions, one for the front license plate and one that is more
suitable as a rear holder. However these concepts will not be complete in all aspects so in this
section some future work and recommendations are presented that has to be investigated be-
fore a possible launch of the new designs are to be considered realistic.

9.4.1 Front

In order to succeed with implementing the front license plate adapters a strategy is necessary.
First of all, should Volvo proceed with this concept? The mounting used today, which is di-
rectly on the bumper is by far the cheapest option but on car models that uses a complex de-
sign the new solution is needed. It is however not sure that all car models need the complexly
designed front. Instead it can be used to differentiate the more exclusive model range. When
needed the adapter is the most promising alternative and it gives a high quality look in a rela-
tively cheap way.
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When this concept is to be implemented depends on the strategic design criteria for future
cars. Thus complete drawings and specific information will have to wait until more detailed
strategy information is stated. The same goes for the economical part of the project. Possibly a
more thorough business case could be made with more reliable cost estimations. It should also
be combined with estimates based on supplier information in order to get fully trustworthy
information.

When the frontal design is specified and the technical work will be more involved an in-
creased focus should be on the placement of the license plate and fastening in relation to re-
sidual technique. For example important safety equipment and sensors have to be located in
the bumper. It is also important that the holders meet all the legal requirements set. Even if
there has been a large focus on them there are things that have to be validated before launch.

Another strategic decision is where the license plate adapter is to be launched. Today five
different markets are seen as the main target. They are; North America, Europe, Italy, China
and Japan. All these markets have different license plate sizes, but by supplying adapters to
them 97% of the market will be supplied. How this is to be done is by producing preferably
four different versions for these markets where North America and Japan shares the same
adapter since they have similar license plate sizes. However the economic benefit of this has
to be further evaluated. Another aspect that needs to look into is how the residual 3% is to
solve the fastening of their license plates and which adapters that they are going to use.
Whichever chosen it will not match the license plate and it might look unaesthetic. However it
is important to note that the sales volume is low on these markets, but of course, if there is no
focus on them it is a risk that it will continue that way. The current mounting which is directly
on the bumper is not associated with this problem to the same extent.

There are also add-ons evaluated in this thesis that could be used to raise the customer im-
pression and provide personalization of the car. It needs to be evaluated if there is possible to
include these extras in package deals such as R-design or similar. Providing extras as a sepa-
rate option could also be a possibility and it should be thoroughly investigated how much cus-
tomers would pay for it. However the customer investigation shows that there are customers
willing to pay more money for a similar feature.

9.4.2 Rear

The rear license plate holder needs an implementation plan similar to the one for the front
adapter. Thus a decision has to be made whether or not the new holders should be used in the
future or not. According to the findings in this report there is no need to wait since the imple-
mentation will save money for the company. However it has to be investigated if the new
concept will work in practice and the exact functionality and quality has to be proven. The
same thing goes for the economic plan which has to be further investigated, preferably in col-
laboration with suppliers to give a more exact estimate.
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Before fully implementing this concept there will also be a need to check so that all laws re-
garding the use of the new license plate holders is met and so it can be certified for usage on
the car models today. If this is to be more expensive than expected one has to think about if
the new holders should be implemented first in the next series of car models. Finally there is a
need to make drawings that are complete and detailed in order to be able to manufacture the
part.

The new holders are made for three countries which are China, USA and Japan. All these
markets can use the same new holder which will raise the volume of the holder. An angled as
well as a straight version is needed depending on where the license plate is to be placed.
There is also one version that was not possible to include in the two new holders, it is the
holder for the Japanese XC90. However this is a car model that soon will be renewed and
todays XC90 holder will only be sold as a spare part. Regarding the European market it is
decided that the standard license plate holders for both Europe in general and Italy will have
to do, since they have sufficient functionality and are free of charge for VVolvo Cars.

The new holders that are developed will be backward compatible and are a combination of the
front and rear holders in order to make them usable as spare parts as well as usable for future
rear applications. The full extent of this concept also depends on how and when the front
adapter is to be implemented. If the adapter is not to be used in the front, the holder could be
used on future cars for mounting of the front license plate as well. However this has to be in-
vestigated further to secure full functionality. One issue could be the support for the Chinese
license plate on the rear holder. Since the Chinese license plate is larger than the other plates
some kind of foam pads could be used so that the plate does not make any noise when in con-
tact with the car. This increased support could also be needed if the plate is to be used in the
front, but conditions for this have to be evaluated.

Since the current eight holders are merged into two holders there are a lot of different holes to
choose from when the holder is to be mounted. These holes are necessary in order to make it
fully backward compatible, but exactly on which cars these holes are used could be investi-
gated and documented in a hands on manner at each market. Other ways could be to check in
CAD or send for license plates to test them here. There is a large possibility that several holes
are associated with car models dated several decades ago. By starting from scratch some of
these holes would be able to be deleted. However, since most mounting is to be done in facto-
ry or by a car dealer a mounting instruction could be sufficient. Economically the benefit is
also a clear fact so it should be implemented according to these results.
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10 Conclusion

This thesis project is mainly conducted in two separate parts, the front and the rear holder.
Both areas were successfully investigated and all requirements were fulfilled. The end result
of the two final concepts together with this report well achieved the aim and goal with this
project.

Initially in this project there were a large focus on finding an innovative solution of the adapt-
ability problem that would make the front holder work for all markets and car models. How-
ever it was discovered that it was no use in denying the fact that such a solution, if it exists,
would be extremely expensive compared to alternatives in this case. When examining the
more innovative concepts they had to be eliminated, one at the time. It was difficult to justify
their existence when the hard facts about the superior concept were presented. A simple de-
sign with high quality and look was selected instead. This solution was more expensive than
some but seemed to be within reasonable cost. The conclusion from this is that the old saying
“the simplest idea is often the best one” really is true in this case.

The second part were associated with the rear holders and at first it was seen by the project
team, and the manager at VVolvo Cars, as a good extra project that needed to be investigated.
This area did however become increasingly intriguing as the project went by. This meant that
the outcome from this part gave great results as well. The chosen simple design where eight
holders were merged into two will result in less variants, lower cost and higher quality.

The project group hopes that this master thesis will serve as a good foundation in to the final
development and implementation within this area. It would also be interesting to see if the
proposed add-ons were examined more thoroughly as well as investigating the possibility to
include them as a separate extra or as part in a package design deal.

To wrap up this report it has to be stated that it was an enjoyable and educational project that
has given many important lessons. The project team of two people worked closely together at
Volvo Cars for approximately five month. It really gave a positive experience of the company
as a working environment as well as it turned out to be a pleasant place to be. These precondi-
tion laid the foundation to a great result.
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Appendix 1: Regulations regarding license plates

The laws that are described here mainly focuses on the chosen markets; European Union,
Sweden, USA, China and Japan. However, information about other countries was found as
well. These laws are however only presented here and are not taken into consideration
throughout the rest of the report. It is also important to note that this list is not complete since
the information to investigate is extensive.

General

Visibility

The license plates must be visible and in good condition (Sweden 1)
The license plates must be visible and in good condition (USA 1)

A license plate cover or holder must not obstruct or impair the recognition of the li-
cense plate information (USA 1 and China 1)

“Those who purposely try to cover, soil or damage the vehicle license plates or who
don’t install/place them in the proper location can be penalized...”(China 3)

Number plate shall be mounted in a conspicuous place at both the front and rear ends
of the vehicle so that the motor vehicle number plate is clearly visible while the vehi-
cle is in operation. (Japan 1)

Vehicles shall have on the front and rear an appropriate area on which to fix owner
identification (registration) plates with minimum dimensions as follows: Width - 400
mm, Height - 130 mm. (Argentina 1)

The license plate on the front mounting plate/bracket shall be perpendicular or practi-
cally perpendicular to the longitudinal plane of symmetry of the vehicle. (China 1)

Fastening

The license plate must be fastened with two M6 screws by 2013 and four M6 screws
by 2016. (China 2)

The hole diameter shall be 6 mm. As regards the shape, tapping shall be performed by
a metric screw (pitch = 1.0 mm). (Japan 2)

Number plate shall be securely mounted at both the front and rear ends of the vehicle
(Japan 1)

“It must be ensured that the mounting plates/brackets shall not work loose, deform and
not be able to be removed without removing or destroying the license plates during the
normal use of the vehicle.” (China 1)

License plates shall be securely fastened to the vehicle to prevent the plates from
swinging (USA 1)
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Environmental

From the year of 2006 the reuse and recovery shall be a minimum of 85 % and the re-
use and recycling shall be a minimum of 80 %, by an average weight per vehicle and
year. By the year of 2015 the reuse and recovery shall be increased to a minimum of
95 % and the reuse and recycling shall be increased to a minimum of 85 %, by an av-
erage weight per vehicle and year. (EU 2)

Front
Visibility
e “The license plate on the mounting bracket shall be practically vertical or it may be in-
clined to the vertical at not more than 15 degrees with the surface bearing the registra-
tion number upwards.” (China 1)
e The license plate shall be placed maximum 1,52m from the ground. (USA, legal doc-
uments)
e The front mounting bracket shall be mounted on the front bumper or grille of the vehi-
cle. (China 1)
e The license plate mid-point shall not be in the left-hand side of the plane. The left-
hand edge of the license plate and the mounting plate/bracket shall not project beyond
the right outer edge of the vehicle's front end. (China 1)
Other
e The front of the car cannot have a shape that will be harmful to pedestrians during a
collision. (Sweden 2)
Rear
Visibility

License plate must be placed at the center point and perpendicular to the longitudinal
plane of the vehicle. (EU 1)

Approved vertical inclination of license plate is -5° to 30° (EU 1, Vietnam 1)

“The license plate on the rear mounting bracket shall be practically vertical...it may be
inclined to the vertical at not more than 30 degrees with the surface bearing the regis-
tration number upwards.” (China 1)

The license plate shall be placed between 0,30 and 1,20 m from the ground. (EU 1,
China 1, Vietnam 1)

The license plate shall be placed between 0,30 and 1,52m from the ground. (USA 1)

The license plate mid-point shall not be in the right-hand side of the plane. The license
plate and the mounting plate/bracket shall not project beyond the left outer edge of the
vehicle's rear end. (China 1)
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Fastening

e The license plate must be attached to a flat surface (max 5000 mm radius) of following
dimensions 520*120 or 340*240. (EU 1)

e Installation brackets shall have a sufficient plate thickness at the position of the screw
attaching a number plate, etc., so that at least three threads of the screw can be assured
(Japan 2)

e The holder of the license plate should be of sufficient size in order to prevent the li-
cense plate from being bent if exposed to external forces. (Japan 2)

e “The plate shall be fastened with non-removable/non-reusable snap lock fitting system
on rear of the vehicle at the premises of the registering authority” (India 1)

e A seal shall be installed at the position for seal on the left side of the motor vehicle
registration number plate mounted to the rear end of the vehicle. This sealing is to be
done by the Minister of Land, Infrastructure, Transport and Tourism or an entrusted
seal installer. (Japan 1)

Other

e “Installation brackets shall have sufficient rigidity” (Japan 2)

Reference:

Sweden
(1) Polisen (2013) Forordningen (2001:650) om vagtrafikregister (vagtrafikregisterférord-
ningen) 7 kap 8 § http://www.polisen.se/PageFiles/439506/plastfilm.pdf (2013-03-21)

(2) Riksdagen (1972) Fordonskungdrelsen §103 http://www.riksdagen.se/sv/Dokument-
Lagar/Lagar/Svenskforfattningssamling/Fordonskungorelsen-1972595 sfs-1972-595/ (2013-
03-18)

EU

(1) European Union (2010) COMMISSION REGULATION (No 1003/2010) http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2010:291:0022:0030:EN:PDF (2013-03-
21)

(2) European Union (2000) Directive on end-of life vehicles - Commission Statements (Article
7 No 2 a-b) http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32000L0053:EN:NOT (2013-04-30)

China

(1) Volvo Cars Intranet (1995) National Standard of the People's Republic of China - The
Mounting Plates/Brackets for License Plates and Their Positions on Motor Vehicles and
Trailers

(2) Volvo Cars Internal Mail Conversation (2013)
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(3) Volvo Cars Intranet (2013) The People’s Republic of China Road Traffic Safety Laws

Japan
(1) Volvo Cars Intranet (1951) ROAD VEHICLES ACT

(2) Volvo Cars Intranet (2008) INSTALLATION BRACKET AND INSTALLATION METHOD
FOR MOTOR VEHICLE REGISTRATION NUMBER PLATES AND VEHICLE NUMBER
PLATES

USA
(1) California Department of Motor Vehicles (2013) V C Section 5201 Positioning of Plates
http://www.dmv.ca.gov/pubs/vctop/d03/vc5201.htm (2013-03-19)

(2) California Department of Motor Vehicles (2005) V C Section 11713.17 Front License
Plate Bracket http://www.dmv.ca.gov/pubs/vctop/d05/vc11713 17.htm (2013-03-15)

Argentina
(1) Volvo Cars Intranet (2013) Resolution_88 94 License_Plate

Vietnam

(1) Volvo Cars Intranet (2013) ROAD MOTOR VEHICLES TECHNICAL REQUIREMENTS
WITH REGARD TO THE SPACE FOR MOUNTING REAR REGISTRATION PLATES OF
AUTOMOBILES, TRAILERS AND SEMITRAILERS (Vietnam)

India
(1) Volvo Cars Intranet (2013) Central motor vehicles rules of 1989
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Appendix 2: Competitor analysis front adapters/holders
Acura: Acura is the premium brand of Honda for the North American market. In 2012 they
sold 156 216 cars. They are not sold on the European market, which is why they could not be
investigated at the car dealers in Sweden. Acura uses a separate adapter for the license plate.
It is mounted on the bumper. Previously they mounted them directly on the front.

U T e

Figure 118: Acura RDX (Wikipedia 2, 2012)

Alfa Romeo: Alfa Romeo is part of the Fiat Group. In 2011 they sold 130 000 units. They
place their license plate to the side of the bumper. The adapter is extruded from the bumper
and the size of the extrusion is somewhat smaller than EU size. Therefore it does not fit a
standard EU size, nor does an American sized plate fit very well. The dealers mounted the
license plate without any EU holder in the front.
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Figure 119 - Alfa Romeo Giulietta front and bumper (A2MAC1, 2013)

Y
-

Figure 120 - Alfa Romeo with small sized license plate

Audi: Audi is part of the Volkswagen Group. In 2012 they sold 1,455,100 cars. In most of the
Audi car models the license plate holder is integrated in the grille. It has an inlay that matches
the size of the EU license plate. They also have external adapters for their most premium cars
A7, A8 and R8. However, they are still somewhat integrated into the grill to achieve the same
design as if they would have been fully integrated. The car dealers always used an EU holder.
They deliver special solutions for the US market.

Figure 121 - Audi A3 front and grille (A2MAC1, 2013)
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Figure 122 - Audi A7 front and separate license plate adapter (A2MAC1, 2013)

BMW: In 2012, BMW sold 1,540,085 cars. BMW mount their license plate either on an ex-
ternal adapter or directly on the bumper (the ratio is around 50/50). If the front has a deep
curvature the likelihood of using an adapter is bigger than if the front is more flat. It had no
relation to how expensive the car was, i.e. 1 and 5 series had no adapter while 3 series had
one. The dealers used no EU holders.

Figure 123 - BMW 118i (A2MAC1, 2013)

Figure 124 - BMW 320d front and separate adapter (A2MAC1, 2013)

Chevrolet: Chevrolet is part of General Motors. In 2011, Chevrolet sold 4,760,000 cars
worldwide. Chevrolet only uses external adapters for their license plates. Two different ver-
sions exist, a framed version and a smaller version which gives a floating effect. They have
less wide versions of their adapters for the North American market. Many of their adapters
have a very big depth which gives a bulky look.
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Figure 126 - Framed version

Chrysler / Lancia: The brand Chrysler is a part of Chrysler Group which is a part of Fiat
Group. The Chrysler cars are sold on the European market under the name Lancia. 135,000
cars were sold under the name Lancia and 221,000 under the name Chrysler. Lancia mount
the license plate directly to the bumper which had marking for where to place the screws.
They also have versions where an adapter is integrated in the bumper. The sizes of their
adapters in somewhat between US and EU size and serve as a compromise for the two mar-
kets. The car dealers used it together with EU holders. Lancia Thema has the plate directly to
the bumper, while the US Version (Chrysler 300) has an external adapter.

2

Figure 127 - Lancia bumper without adapter
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Figure 128 - Lancia Ypsilon front and bumper (A2MAC1, 2013)

Citroén: Citroén is part of the PSA Peugeot Citroén group. Citroén sold 1,435,688 cars in
2011. They do not officially sell vehicles in USA, which is why they don’t need a separate
license plate holder for that market. Citroén mostly uses an adapter for the license plate which
is integrated in the grille. They also have some versions where it is placed in the bumper with
an inlay. The dealer used no EU holder.

Figure 130 - Adapter integrated in the grille
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Dacia: Dacia is a brand owned by Renault, which has a strategic alliance with Nissan. In
2012, Dacia sold 359,631 cars. Dacia mostly places their license plate directly to the bumper
together with an EU holder. They also have a version where they have made an inlay in the
bumper for the license plate.

Figure 131 - Dacia Duster front and bumper (A2MAC1, 2013)

Figure 132 — License plate placed directly to the bumper

Dodge: Dodge is a brand of Chrysler Group, which is part of Fiat. They no longer sell cars in
Europe officially; instead they focus on the American market. In 2011, Dodge sold 451,040
cars. They mostly have bigger cars with a flat front. Therefore they don’t have any problems
just mounting the license plate directly to the bumper. Some of their car models partly have an
inlay to make it even easier.
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Figure 133 - Dodge Caliper (A2MAC1, 2013)

Figure 134 - Dodge front (Dodge, 2013)

Fiat: Fiat had 2011 a sales volume of 2,032,900 cars. They do not have any external adapters.
Instead they are integrated into the bumper, either with an inlay or an extrusion. They don’t
officially have American versions; they use the same bumper as EU.

4 z N

Figure 135 - Fiat 500, adapter extruded from bumper
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Figure 136 - Fiat 500L, adapter with inlay in bumper

Ford: In 2008 Ford had a sales volume of 5,532,000 cars. In most of Fords cars the adapter
for the license plate is integrated in the grille. The actual design of the grille differs slightly
between models. They also have the smaller Fiesta model where the license plate is placed on
the bumper which has an inlay. The car dealers always used an EU holder. They have separate
grilles for the European and American markets. Their larger SUV models that are made for
the American market have external adapters. Ford has a very sleek and integrated design, es-
pecially the chrome grille versions.

Figure 138 - Ford Fiesta

Honda: In 2008 Honda sold 3,783,000 cars. Honda mostly uses an external adapter for their
car models. However, their cheaper cars have the adapter integrated in the bumper with an
inlay. They have separate versions of their adapters for EU and North America.
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Figure 140 - Honda Jazz with inlay in bumper

Hyundai: Hyundai sold 4,051,905 cars in 2011. They have several different versions of their
license plate holders. Their cheaper and smaller cars have an integrated solution in the bump-
er, either with an inlay or an extrusion. Their SUV’s and more expensive cars have external
adapters, both a floating version and a full EU size version. Some models also have the li-
cense plate mounted directly to the bumper. The car dealer mostly used both the adapter and
the EU holder.

e

Figure 141 - Hyundai Santa Fe floating license plate
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Figure 142 - Hyundai with extruded bumper

Jaguar: Jaguar is owned by Tata Motors. In 2012 Jaguar sold 54,226 cars. They mostly have
different versions of external adapters for their models. However, on one car model the li-

cense plate was mounted directly to the bumper. They have separate versions for the US mar-
ket.

Figure 143 - Jaguar with external adapter

Jeep: Jeep is part of Chrysler group, which is part of Fiat. In 2012 they sold 701,626 cars.
They always mount the license plate directly to the flat bumper. The Grand Cherokee version

has made a small inlay to flatten it out and ease the mounting. The dealer mounted it with an
EU holder.
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Figure 144 - Jeep with license plate mounted on bumper

Kia: Kia is partly owned by Hyundai. They sold 2,478,959 cars in 2011. They have many
different variants of their license plate adapters. On some models they are integrated in the
bumpers, either with inlay or extruded. On their smaller cars the holder is integrated in the
grille. Some other models have the license plate directly mounted on the flat bumper. Their

larger SUV’s have external adapters.

Ve

Figure 145 - Kia model where it is integrated in bumper
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Figure 146 - Kia Picanto front and grille (A2MAC1, 2013)

Land Rover: Land Rover is owned by Tata Motors. In 2012 they sold 251,632 cars. They
have two versions, either they use an external adapter or they place it directly to the bumper.
It is used together with an EU holder.

Figure 147 - Land Rover with an external adapter

Figure 148 - Range Rover Evoque with a flat bumper
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Lexus: Lexus is the luxury brand of Toyota. They sold 364,630 cars in 2011. Lexus only uses
external adapters for their cars. Two versions of the adapter did exist, one which covered the
whole license plate and one which only covered half of its height. At the car dealers they were
used together with an EU holder. They deliver special versions of their adapters for the Amer-

ican market.

Figure 150 - Lexus with full height adapter

Lotus: Lotus is owned by Malaysian company Proton. They sold 2,675 cars in 2011. They
have curved external adapters with low height, which give a visual effect of the license plate
being floating. It is used together with an EU holder.
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Figure 151 - Lotus Elise without license plate

Figure 152 - Lotus with floating license plate

Mazda: Mazda sold 1,285,815 cars in 2010. Mazda mostly uses external adapters for their car
models, they exist in both EU and US versions. They also have a cheaper car model where it
IS integrated in the bumper.

Figure 153 - Mazda CX-5 front and adapter (A2MAC1, 2013)
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Figure 154 - Mazda 2 with integrated adapter

Mercedes: In 2012, Mercedes sold 1,320,097 cars. Mercedes had adapters that were integrat-
ed in the bumper for their cheaper cars (A and B-class) and external adapters for their more
expensive ones (E-class, sports cars, SUV’s etc.). The adapters had an angle to blend in with
the front of the car. This means that also the license plate holder had to be bent. They did not
have any colored adapters, which probably mean that they think a contrasting black color is
more suitable. They have special versions for the American market.
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Figure 155 - Mercedes with external adapter

Figure 156 - Mercedes with an integrated adapter
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Mini: The Mini brand is a part of the BMW group. In 2012 they sold around 300,000 units.
Mini does not use any adapters. They mount the license plate directly to the flat bumper with-
out an EU holder. Previously they used external adapters, but they have been excluded in cur-
rent versions even if the exterior has remained almost the same.

Figure 157 - Mini Cooper without any adapter

Mitsubishi: Mitsubishi sold 1,105,000 cars in 2010. Mitsubishi does have a flat surface in the
bumper/grille area where the license plate can be fastened without any adapter. For their new-
est version they have moved to integrate the adapter into the bumper with an EU sized inlay.
They do not have special versions for North America.

Figure 158 - Mitsubishi with room for the plate in the flat bumper/grille
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Figure 159 - Mitsubishi with an inlay in the bumper

Nissan: Nissan is in collaboration with Renault. They sold 3,515,000 units in 2010. Nissan
has many different solutions on how to fasten the license plate. Their European SUV Qashgai
has an inlay integrated in the bumper, while other models have an extrusion from the bumper.
They also have external adapters and adapters which are integrated in the grille. On their
sports car GR-R it is mounted with Velcro stripes. They have many other car models for the
US market.

Figure 160 - Nissan with extruded adapter

Figure 161 - Nissan Juke with external adapter
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Figure 162 - Nissan Qashgai with an inlay”

Opel: Opel is owned by General Motors. In 2009 they sold 1,209,121 units. Opel mostly use
adapters which are integrated in the bumper with an inlay. They are made to fit the European
market and they do not seem to make alterations to the US market. They also have an SUV
which has an external adapter.

Figure 163 - Opel with an inlay in the bumper

Figure 164 - Opel Mokka with external adapter
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Peugeot: Peugeot is part of PSA Peugeot Citroén. They Sold 2,142,000 units in 2010. They
do not officially sell cars in North America. Peugeot basically has two different variants, but
varying designs of each variant. Either they have an adapter integrated in the grille or it is
integrated into the bumper. On their newest models they move more towards having it in the
grille. The dealer did not use any EU holders.

Figure 165 - Adapter integrated as part of the grille
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Figure 166 - Adapter integrated in the bumper

Porsche: Porsche is part of the Volkswagen group. They sold 81,850 units in 2010. Porsche
only uses external adapter, however different variants exist. For their sportier cars (911 and
Boxster) they have smaller curved adapters with a “floating” design. However, this is some-
thing that differs depending on where the car is sold. In some countries it is sold together with
a full sized external adapter which is colored to blend in with the vehicle. This is also the
adapter that is most common for the Porsche Cayenne, which is their SUV. Some of the
adapters had an EU holder, while others did not. Special adapters for the US market exist.
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Figure 168 - Larger external adapter for Porsche Cayenne

Renault: Renault sold 1,861,389 cars in 2009. They no longer sell cars in USA. Renault only
has adapters which are integrated in the bumper, either with an extrusion or an inlay. It is used
together with an EU holder.

Figure 169 - Renault Fluence with adapter integrated in bumper (A2MAC1, 2013)
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Figure 170 - Renault Clio adapter integrated in grille/lbumper

Saab: Saab was previously part of General Motors. They sold around 130,000 cars each year.
Saab had both external adapters and ones that were integrated in the bumper with an inlay,
both depending on model and year. They also mounted it directly to the bumper.

Figure 171 - Saab 9-5 with external adapter (Saabcentral, 2013)

Seat: Seat is a part of the Volkswagen group. They sold 339,501 cars in 2010. Seat does not
sell cars in USA. Seat has their adapters integrated in the bumper with an inlay. They are
made to fit an EU sized license plate.

Figure 172 - Seat bumper with an inlay
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Skoda: Skoda is a part of the Volkswagen group. They sold 875,000 cars in 2011. They do
not sell cars in the USA. Most of Skoda’s car models do not have any adapter; instead they
are mounted directly on the flat bumper. The Skoda Octavia however, has an inlay integrated
in the bumper. The dealer always used it together with an EU holder.

Figure 173 - Skoda with a flat bumper

Figure 174 - Skoda with an inlay in the bumper

Subaru: Subaru is partly owned by Toyota. They sold 656,964 units in 2011. Subaru uses
either external adapter or a small integrated adapter. Two different versions of their external
adapters exist, one full height version and one half height version. The integrated adapter is
very slight, which means that it gives the appearance of being mounted directly to the bumper.
The car dealer used it together with the EU holder.

Figure 175 - Subaru with external adapter
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Figure 176 - Subaru with extruded bumper

Suzuki: Suzuki is partly owned by Volkswagen group. They produced 2,545,000 units in
2010. Suzuki no longer sells cars in the North America. On most of their cars they have an
extruded adapter which is integrated in bumper. Two different versions exist, a short and a
long version. They were used together with an EU holder. Their more expensive car “Suzuki
Kizashi” has an external adapter.

Figure 178 - Suzuki Kizashi with external adapter (Carlist, 2013)

Toyota: Toyota sold 7,278,659 cars in 2010. Toyota mostly got integrated adapters in their
bumper, some with inlay and some with an extrusion. Their more expensive cars (SUV’s,
Prius and GT86) have external adapters, either full height or half height. The car dealer did
use them together with an EU holder.
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Figure 180 - Toyota Prius with external adapter

Volkswagen: Volkswagen sold 4,502,827 cars in 2010. VW has two different models of li-
cense plate holders; integrated adapters with inlay in the bumper and external adapters. Inlay
seems to be more common on cheaper models like “Golf” and “Polo”. Their premium car
“CC” had a colored external adapter to blend in more with the front. Some of the cars had
both an adapter and an EU holder, while others had only adapter. In North America the Golf
model is sold with a clean bumper and an external adapter instead of an inlay.

Figure 181 - VW Beetle with an external adapter

156



Figure 182 - VW Polo with an inlay in the bumper

Image references:
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(2013-05-23)

Dodge (2013) www.dodge.com (2013-03-15)

Saabcentral (2013) http://www.saabcentral.com/forums/showthread.php?t=150358 (2013-03-
15)

Wikipedia 1 (2009)
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Appendix 3: Competitor analysis rear holders

BMW: An American sized rear license plate bracket for BMW/MINI. It fits almost all BMW
models and cost 17,95$. It uses threaded inserts and foam pads on the back of the holder.
They also have some other similar versions of this bracket that cost around 26$.

HEE

Figure 183 - BMW Bracket (ECSTuning 1, 2013)
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Figure 184 - Another BMW bracket (ECSTuning 2, 2013)

SAAB: A rear license plate holder for SAAB 9-3 that fits both the American and Japanese
license plates. It is made out of metallic and has threaded inserts for the holes. It cost 39,77$.

Figure 185 - Saab rear license plate holder (Thesaabsite, 2013)
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Porsche: A rear license plate holder that is appropriate for models from 1974 to 2005. It costs
34,25%. The holder also requires 4 expanding nuts to function correctly. They also use a simi-
lar looking license plate holder for some other car models which cost 28$.

s &

Figure 186 - License plate bracket and expanding nut (Vertexauto, 2013)

o, ol
Figure 187 - Porsche 911 license plate bracket (Ebay, 2013)

Lotus: Uses an H-shaped bracket with some other loose parts. It is made out of thin metal and
cost 52,77%.

Figure 188 - Rear license plate bracket for Lotus (Lotustalk, 2013)
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Fiat and Alfa Romeo: Uses a simple H-bracket style as rear license plate holder. It fits many
different car models of various years.

Figure 189 - Rear license plate bracket (International-auto, 2013)

Chevrolet: Two different versions were found; a flat version with four holes and a smaller
version which only fasten the plate in the top two holes. Both were made for the US license
plate and cost around 30$.

FRONT & BACK VIEW

Figure 190 - A license plate holder for the 1995-1998 Chevrolet Cavalier

Figure 191 - Older license plate bracket (Classicchevy, 2013)

Jaguar: Uses an X-shaped bracket. It claims that no drilling is required and that it has good
quality and an easy installation. It fits any Jaguar model and cost 44,07$.
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Figure 192 - Jaguar license plate holder (Carbodyparts, 2013)

Jeep: This is a relocation bracket for The Jeep JK Wrangler if one has equipped the vehicle
with rear quarter armor and needs to mount the plate on the tailgate instead.
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Figure 193 - Jeep license plate holder

Land Rover: Two different plastic license plate holders were found. They are made for the
American market. It has features such as weight saving pockets and noise reduction foam
pads. The cost was 36,95% for the slightly older holder and 14,95$ for the current rear holder.

Figure 194 - License plate holder used for Freelander 02-05 and Discovery 99-04 (Roverparts, 2013)
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Figure 195 - Current license plate holder for Land Rover and Range Rover models (Atlantic British, 2013)
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Appendix 4: Patent investigation of different kind of license plate
holders

This is a list of the most interesting patents which were investigated in this thesis. A brief ex-
planation of the patents is given together with an internet address which leads to more thor-
ough information about the corresponding patents.

License plate holders that can hold multiple sizes (Universal)

e A General Motors universal license plate holder that can hold many different
sized of license plates.
http://www.google.com/patents?id=kGMQAAAAEBAJ&printsec=abstract&zoom=4
&hl=sv#v=0onepage&q&f=false

e A universal license plate holder for All-Terrain-Vehicles that can hold plates of
different sizes.
http://worldwide.espacenet.com/publicationDetails/biblio?CC=CA&NR=2471980A1
&KC=A1&FT=D&ND=3&date=20041230&DB=worldwide.espacenet.com&locale=s
e _SE

e Adjustable license plate holder which involves a rotating screw.
http://worldwide.espacenet.com/publicationDetails/originalDocument?DB=worldwide
.espacenet.com&I1=213&ND=3&adjacent=true&locale=se_ SE&FT=D&date=194112
16&CC=US&NR=2266715A&KC=A

e Different adjustable license plate holder, which contains a frame.
http://worldwide.espacenet.com/publicationDetails/originalDocument?DB=worldwide
.espacenet.com&I1=217&ND=3&adjacent=true&locale=se_ SE&FT=D&date=194001
02&CC=US&NR=2185787A&KC=A
http://worldwide.espacenet.com/publicationDetails/originalDocument?DB=worldwide
.espacenet.com&I1=218&ND=3&adjacent=true&locale=se_ SE&FT=D&date=193912
26&CC=US&NR=2185085A&KC=A
http://worldwide.espacenet.com/publicationDetails/originalDocument?DB=worldwide
.espacenet.com&I1=219&ND=3&adjacent=true&locale=se_ SE&FT=D&date=193912
26&CC=US&NR=2185084A&KC=A
http://worldwide.espacenet.com/publicationDetails/originalDocument?DB=worldwide
.espacenet.com&I1=221&ND=3&adjacent=true&locale=se_ SE&FT=D&date=193906
13&CC=US&NR=2162634A&KC=A

Easy to remove the license plate

e A license plate holder where it is easy to remove the license plate. It is also a
cheap version using straps/wires.
http://worldwide.espacenet.com/publicationDetails/originalDocument?DB=worldwide
.espacenet.com&I1=63&ND=3&adjacent=true&locale=se_ SE&FT=D&date=2007122
0&CC=US&NR=2007289176A1&KC=A1
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A license plate holder where it is easy to remove the license plate by releasing a
spring.
http://worldwide.espacenet.com/publicationDetails/originalDocument?DB=worldwide
.espacenet.com&Il1=124&ND=3&adjacent=true&locale=se_ SE&FT=D&date=196812
24&CC=US&NR=3417957A&KC=A

A fastening which allows for a fast removal of the license plate.
http://worldwide.espacenet.com/publicationDetails/originalDocument?DB=worldwide
.espacenet.com&I1=131&ND=3&adjacent=true&locale=se_SE&FT=D&date=196704
04&CC=US&NR=3312010A&KC=A

Another license plate holder which allows for a fast removal of the license plate.
http://worldwide.espacenet.com/publicationDetails/originalDocument?DB=worldwide
.espacenet.com&I1=139&ND=3&adjacent=true&locale=se_ SE&FT=D&date=196005
03&CC=US&NR=2935281A&KC=A

A two piece license plate holder that allows the owner to fast change the license
plate from one car to the other.
http://worldwide.espacenet.com/publicationDetails/originalDocument?CC=DE&NR=
102011101754A1&KC=A1&FT=D&ND=3&date=20120315&DB=worldwide.espace
net.com&locale=se_SE

A temporary license plate holder that sticks to the rear windshield.
http://worldwide.espacenet.com/publicationDetails/originalDocument?CC=US&NR=5
141191A&KC=A&FT=D&ND=3&date=19920825&DB=worldwide.espacenet.com&
locale=se_SE

A license plate holder that is stuck to the vehicle by magnetic strips.
http://worldwide.espacenet.com/publicationDetails/originalDocument?DB=worldwide
.espacenet.com&I1=194&ND=3&adjacent=true&locale=se_ SE&FT=D&date=197208
15&CC=US&NR=3683529A&KC=A

Another easy to remove the license plate, without any tools.
http://worldwide.espacenet.com/publicationDetails/originalDocument?DB=worldwide
.espacenet.com&I1=206&ND=3&adjacent=true&locale=se_ SE&FT=D&date=195106
05&CC=US&NR=2555706A&KC=A

Hard to remove the license plate (Anti-theft)

Three different versions of Anti-theft license plate holder which require a key to
remove the license plate.
http://www.google.com/patents?id=gTKBAAAAEBAJ&printsec=abstract&zoom=4&
hl=sv#v=onepage&qg&f=false
http://www.google.com/patents?id=jS4gAAAAEBAJ&printsec=abstract&zoom=4&hl
=sv#v=onepage&q&f=false

http://www.google.com/patents?id=5UcY AAAAEBAJ&printsec=abstract&zoom=4&
hl=sv#v=onepage&q&f=false
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Other

Two versions of anti-theft fastener for license plates.
http://worldwide.espacenet.com/publicationDetails/originalDocument?DB=worldwide
.espacenet.com&I1=53&ND=3&adjacent=true&locale=se_ SE&FT=D&date=2008020
6&CC=CN&NR=201015985Y &KC=Y
http://worldwide.espacenet.com/publicationDetails/originalDocument?DB=worldwide
.espacenet.com&I1=240&ND=3&adjacent=true&locale=se_ SE&FT=D&date=193611
24&CC=US&NR=2062057A&KC=A

Anti-theft versions which involve a string attached to the trunk.
http://worldwide.espacenet.com/publicationDetails/originalDocument?DB=worldwide
.espacenet.com&I1=186&ND=3&adjacent=true&locale=se_ SE&FT=D&date=197504
15&CC=US&NR=3877264A&KC=A

Porsche fastening method of an external adapter in the grille (Rotate adapter to
lock it in place).
http://worldwide.espacenet.com/publicationDetails/originalDocument?DB=worldwide
.espacenet.com&I1=61&ND=3&adjacent=true&locale=se_ SE&FT=D&date=2007020
8&CC=US&NR=2007028490A1&KC=A1

A way of reducing the clearance on Toyota external adapter.
http://worldwide.espacenet.com/publicationDetails/biblio?CC=JP&NR=2007038700A
&KC=A&FT=D&ND=3&date=20070215&DB=EPODOC&locale=se_EP

License plate holder with bumper guards to protect during impact.
http://worldwide.espacenet.com/publicationDetails/originalDocument?DB=worldwide
.espacenet.com&I1=78&ND=3&adjacent=true&locale=se_ SE&FT=D&date=2006072
0&CC=US&NR=2006156595A1&KC=A1

Nissan rear license plate holder/adapter with integrated illumination lights.
http://www.google.com/patents/US4406490?dg=license+plate+holder&hl=sv&sa=X&
ei=QKM9Ua-iDoWA4gSh7YHQCwW&ved=0CEKQBAEWBzgU

A license plate holder that has an integrated “Help” sign
http://worldwide.espacenet.com/publicationDetails/originalDocument?DB=worldwide
.espacenet.com&I1=90&ND=3&adjacent=true&locale=se_ SE&FT=D&date=2004092
8&CC=US&NR=6796060B1&KC=B1

A design protection of a license plate holder. It contains weight-saving pockets
and grooves that allow the fastening on many different cars.
http://www.google.com/patents?id=J0A9AAAAEBAJ&printsec=abstract&zoom=4&h
I=sv#v=onepage&q&f=false

A license plate holder that folds over the license plate. It also allows for adver-
tisement.
http://worldwide.espacenet.com/publicationDetails/originalDocument?DB=worldwide
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Appendix 5: Customer survey

1.

Where do you want to place the front license plate with regard to the appearance?
Choose between cars 1-4.

Which placement of the front license plate do you prefer? The left one which has it in
the grille or the right one who has it below the grille?

Do you believe that the advertisement on the license plate holder reduces the overall
aesthetic appeal of the car? If yes, how much? (Scale 1-5, where 1 = notat all and 5 =
to great extent)

What look do you prefer; to place the front license plate directly on the car or use an
adapter?

What look do you prefer; to place the rear license plate higher up on the tailgate or
lower down on the rear bumper?

What is most appealing, an adapter colored in the same color as the car or a con-
trasting black color? Would you consider paying extra for a colored version? If so,

how much?

Do you appreciate an anti-theft solution which locks the license plate in place? Would
you consider paying extra for it? If so, how much?
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4.

With adapter:

Without adapter:
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Appendix 7: Fastening methods of the plate and the holder

Screw with nuts

Some kind of nuts is used together with screws in order to attach the holder.

Screw with wingnut

Screws are used in combination with wingnuts.

Screw with movable nuts

The nuts are inserted into holes in the bumper and used together with screws. The
placement of the nuts can be at different locations depending on the size of the license
plate.

Screw with fixed inserts

Inserts that provides a threaded attachment is used in combination with screws.

Screw with movable spacers

Self-tapping spacers can be placed anywhere on the bumper by the installer, and can
be used in combination with screws. The spacers provide threads for the screw.

Screw with threaded hole

The bumper has threaded holes and could be used together with screws.

Bolt with molly insert

Threaded molly inserts is used that expands on the other side of a thin material which
gives a fixed mounting. The insert should also be threaded in order to make it possible
to use metric screws in combination with the molly insert.

Molly bolts

Similar to the concept above but the bolt and the foldable part is connected here.
Threaded molly bolts are used in order to provide an attachment on a thin material.
The molly bolts has expandable wings that will be folded out when the bolt is tight-
ened. The wings will then squeeze on the other side of the surface and the bolt will se-
curely fix it on the outer side.

Self-tapping screw

Screws that are self-tapping is used to secure the adapter. Some reinforcements on the
bumper might be needed.

Rivet joints

Rivets used by inserting them into pre drilled holes through both the holder and for
example the bumper. Rivet joints are rather strong, robust and it makes the adapter
tightly fixed to the car.

Expanding plug

This fastening method is based on using a plastic plug that is inserted through a hole in
the adapter as well as a hole in the bumper. In order to make the plug expand a plastic
cylinder is inserted in the center of the plug. This will make it expand which will se-
cure that the adapter and the mounting surface is tightly fixed.

Tow hook insert

This concept allows a mounting of a license plate holder to the tow hook insert in the
front of the car.
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Tape

The adapter can be fastened with double sided tape.

Glue

The adapter can be fastened with glue. It is often permanent.

Velcro straps

The adapter can be fastened with Velcro straps which does allow for a removal.
Magnets

The adapter can be fastened with magnets. Depending on how strong they are the
adapter can be easy or hard to remove.

Electro magnets

The holder can be fastened with electro magnets. It is anti-theft proof since the driver
will be the only one who can turn them on and off.

Suction cup

One or several suction cups can be used as a fastening method.

Snap fasteners

Snap fasteners can be used to hold the holder in place.

String, wire or cable tie

The holder can be fastened with strings, wires or cable ties. They are somewhat easy
to cut in half which is why they are not that good from an anti-theft point of view.
Center of gravity

By using a counter weight attached to the adapter it can be fastened inside the bumper
or grille, by theories of center of gravity.

Clips, clamps and pressure

The holder can be mounted to the bumper or grille by using clamps which creates a
pressure to keep it in place.

Self-locking geometry

The holder can be fastened by using a self-locking geometry, for example an anchor
which can be twisted into a hole in the grille or bumper and be locked behind it.
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