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ABSTRACT
Escenda Engineering AB is a Gothenburg located engineering consultancy
company. They mainly work towards the automotive industry and are a
supplier for Polestar Performance AB, which develops high-performance
Volvo cars.
This thesis is based on an older Bachelor Thesis where a topology optimized,
or weight-optimized, wheel was developed for Polestar Performance’s Volvo
S60 and V60.
The main goal with this thesis is to further develop the obtained results from
this wheel.
The work-methods that has been chosen for this thesis is the early parts of
Fredy Olsson and parts of the design method that is presented by SVID
(Stiftelsen Svensk Industridesign, The foundation of Swedish industry design).
In this thesis, great importance has been given to research regarding the
different manufacturing methods on which the authors believe could be
relevant if a wheel of this kind would be manufactured.
The thesis will also give an account for various conceptual designs followed by
a final conceptual design and end with a critical review regarding the whole
project.
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1. BACKGROUND
This Degree Thesis is based on a Bachelor Thesis from 2015, authored by
Thomas Breitschneider and Martin Koivisto from Chalmers University of
Technology in Gothenburg. [17]
Their assignment was to weight optimize the current 20” Polestar Performance
wheels for Volvo S60 and V60, in collaboration with Escenda Engineering
AB. Their work resulted in a conceptual design of a two-piece wheel.
The materials they had in mind for a two-piece wheel is AlSi7Mg-T6 (cast
wheel), which is also the material of the current 20” Polestar Performance
wheel, or A 6061 T6 (wrought wheel). The manufacturing method of a wheel
of this type is still not decided.
Since the wheel is topology optimized, videlicet all the material which is not
critical for the construction itself, is removed. Therefore, further material
cannot be removed to change the design of the spokes, thus it impairs with the
strength of the construction.
If another, lighter design would be made, new FEM-analysis according to the
ISO7141-curb test to determine the strength would be a requirement.
Since this does not fall within the frames of this project, the opposite method is
in focus - adding material.
This does, though, make the wheel heavier which is something that must be
kept in mind while making conceptual designs.
1.1 CLARIFICATION OF THE ISSUE
The two-piece wheel, developed by Breitschneider and Koivisto, requires
further study for the merging technique to determine which method is best
suited.
Methods for both a “solid” wheel (non-dismantlable) and a dismantlable wheel
after the merging process will be studied in this report.
1.2 GOALS
The main goal for this project is to develop conceptual designs for the weight
optimized wheel. The designs are to be targeted towards four different vehicle
types - Cross-Country, Electric, Racing/Performance and a Standard wheel.
The CAD-models developed using Catia V5 will be made according to the
work- methodology at Escenda Engineering AB.
Two different solutions for joining the two parts of the wheel will be
presented. One method will be for the dismantlable wheel and the other for a
“solid” wheel (non-dismantlable).
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1.3 LIMITATIONS
No specific limitations were taken into account when studying and comparing
the merging methods as well as developing the design concepts, although
weight and price were to be kept at a minimum.
1.4 PRODUCT RESEARCH (INDUSTRIAL DESIGN PROTECTION)
Patent and design protection is not something the authors put in
consideration hence a small adjustment in the pattern or design avoids
a potential breach of existing protection.
The authors, however, found a pending patent which is quite like the
current work.
Patent no. US20070157470 [4.] which is described:
“A process for attaching a wheel cover to a wheel in which a wheel cover
and wheel are placed together and a foamable adhesive is injected into
the gap defined between the wheel cover and wheel. After the foamable
adhesive is injected into the gap defined between the wheel cover and
wheel at an injection station, the cover/wheel assembly is transported to
a station in which the cover/wheel assembly is heated to a temperature
that is sufficient to affect the forming, expansion and curing of the
foamable adhesive. The cover/wheel assemblies are supported and
transported on carriers that are provided with clamping mechanisms.”
This is something that may need further research if this project is further
developed.

2. THEORETICAL FRAMEWORK
2.1 WELDED JOINTS
The two dominant welding methods for aluminum is the MIG/MAG- and
TIG- methods. The TIG-method is better for thin materials and where great
surface finish is required whilst MIG/MAG is considered an interesting
technique for aluminum and is rapidly increasing in popularity. Welding
overall is a joining technology that heats up the metals which are to be
joined to such heat that they melt together.
In general there is two different welding methods that is most commonly
used, pressure welding and fusion welding. Examples of pressure
welding is friction-, induction-, and point welding. In these types of
welding’s, the materials are exposed for enormously high pressure to
make them join, with or without heat. Regarding fusion welding, the
surfaces of the materials is heated to the melting point using a gas flame,
laser, arc or beam.
The material of the wheel in this project is a mix of aluminum and
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magnesium, which is classed as a soft metal. The method most
commonly used for welding soft metals is TIG-welding since, unlike the
other welding methods, it can break through the protective oxide layer
metals have.

Figure 2.1

Figure 2.2

Above it is shown how potential welds are imagined.

2.1.1 TIG-WELDING
TIG-welding, or Tungsten Inert Gas (also known as GTAW, Gas Tungsten
Arc Welding), is a fusion welding method. The designation “Inert” refers to
the gas, which is intern, inactive and does not participate in the actual
welding process, but protects the melt and the electrode from the harmful
impact of the air so a fine and even weld can be made.
What distinguishes a TIG-weld is high quality, even and smooth weld,
good tolerances, concentrated stable arc, no slagging, no fume and so
forth, to mention a few benefits.In this type of welding, an arc is formed
between a non-consumable electrode and the workpiece itself. The
electrode, arc, melt and (optionally) additives are protected against the
influence of air by the inert protective gas.
The benefits of TIG-welding, compared with other methods, are the high
welding quality. This method can be used both manually for shorter series
or assembly- welding at larger ones. It can also be mechanized.
Materials primarily welded using the TIG-method are stainless and other
high alloyed steel, but also non-ferrous metals such as aluminum and
copper alloys. Overall, TIG-welding is a method where you have very good
control over the heat supply to the workpiece. Therefore, you can weld very
small details that could not be welded by other methods like MIG/MAG.
Benefits of mechanized TIG- welding are that thinner materials with heat
problems can be welded, safer welding, the same result every time, fewer
errors, pulsation of rotation and wire feed give greater control over the melt
and so forth.[23.][24.]
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[Figure 2.3] - The components in TIG-welding. [Figure 2.4] - Repairing of a wheel using the TIGmethod.

2.1.1 MIG/MAG-WELDING
MIG/MAG-welding (Metal Inert Gas or Metal Active Gas) is the method that
is constantly increasing in use [see Figure. 3.5]. Today it is the most common
welding method in Western Europe, USA and Japan. [22]
The main reason the method is increasing in popularity is, among other things,
its high productivity and that it is very easy to automate.

[Figure 2.5]
The distribution of different welding methods in Western
Europe.
Including solid thread and MMA (Manual Metal Arc Welding), SAW (Submerged Arc
Welding) and MIG/MAG.

In this type of welding, a metal wire is fed continuously and melting in an arc,
which is then cured with the molten base material. The metal wire itself acts
both as additive and electrode. The electrical energy to the arc is supplied by a
power source whose power can be adjusted. The arc and the additive are
protected by a gas that may be inert or active. Inert gas refers to a gas that does
not react with molten material while the active gas participates in the process
that occurs between the arc and the weld.
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The health risks that are greatest in MIG/MAG-welding are smoke and gases
as well as ultraviolet radiation from the arc itself. The benefits of this welding
method are mainly the high productivity, the relatively low heat input to the
workpiece and the method is easy to automate.
Why this methods productivity is so high is because no interruptions are
needed due to replace the electrodes. If there is a requirement for the weld, for
example no binder, few pores and such, there is high demands on the welder’s
skills.
The limits for the MIG/MAG-method are due to the complexity of the
equipment, and the design of the welding gun makes it less accessible in some
scenarios.

[Figure 2.6] - The components in MIG/MAG-welding.

2.2 RIVETS
There are a variety of different rivet types. There are, for instance, standard
blind rivets, pressure-tight blind rivets, pop rivets, blast rivets and so forth.
[6] Rivets are applied by passing it through a pre-drilled hole and then
plastically deforming the other side so that it is sealed, the only way to
loosen a rivet is to destroy it. Rivets is today used in many different
materials and designs, and especially while working with thin plates.
However, what must be kept in mind with rivets is that they hardly
contribute to the strength of the product, because the material used is
usually a softer metal. Hence the authors consider that this method isn’t an
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option for the wheel, as it means that holes must be drilled along the rim
front to apply the rivets, which means that the strength is reduced
considerably. Therefore, the authors will not make any further researches
regarding rivets.

[Figure 2.7] - The attachment process of rivets.

2.3 ADHESIVES
The smoothest surface that can be manufactured is believed to have a profiling
depth that is approximately forty times too large for the surfaces to merge
together [16].
A great solution? Adhesives. An adhesive bond shape itself after the material
surfaces using its wettability and then cures. Since there are different materials
with different ability to withstand wetting, there are also adhesives with
different wetting or wetting properties. This is one of the reasons why you
must choose an adhesive which suits a specific material. Generally, the
constituents in adhesives are wetting agents, base materials (plastic), water or
solvent, filler and optional curing agent. Adhesives are available in both liquid
and solid form. Below are some of the pros and cons regarding adhesive bonds.
Pros and Cons of adhesives [16]:
+ Provides dense joints and smooth surfaces.
+ A dense adhesive joint reduces the risk of corrosion.
+ The stress is distributed evenly across the entire adhesive surface - no
stress concentrations similar to screw- or rivet joints.
+ No debilitating holes that may cause fracture.

- Completely clean joint surfaces are required for a successful result, which
can be difficult in an industry.
- You need to have a thorough knowledge of materials, and the joining
technique is special for adhesive bonds.
- The strength of the adhesive joints is completely dependent on the
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temperature and the environment at the site of use, which may differ
widely from different adhesives.
- Natural aging.
- A loaded adhesive bond ages faster than unloaded.
- Adhesive bonds on plastic surfaces usually have a longer lifespan than on
metal surfaces.
Usually the properties of an adhesive bond are compared with a rubber band.
And just like there are hard, soft and elastic rubber bands, there are also similar
adhesives.
In general, an adhesive joint is good against tensile and shear forces but badly
against tearing forces. If the bond is too strong, it may be subjected to breakage
due to fan load.

Figure 2.8 - Above it is shown how a potential adhesive bond is imagined.

Figure 2.9 - Above it is shown how a potential adhesive bond combined with a screw joint is
imagined.
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2.3.1 DRYING ADHESIVE
There are different types of drying adhesives. There are those that are water
based and contain about 50% water and solvent based containing 70-80%
solvents. This also means that drying adhesives shrinks 50-80% when it
solidifies, which results in it being difficult to get the joint dense. [16]
Therefore, this is considered an unfitting adhesive for this project.
2.3.2 THERMAL ADHESIVE
Thermal-, also known as activatable adhesive, refers to the adhesive applied to
a joining face and merges with optional component using heat. [16]
These types of adhesives can quickly lose strength at temperatures above 50
degrees, which means this is an unfitting adhesive to this project due to
glowing brake discs that can emit higher temperatures than that.
2.3.3 HARDENED ADHESIVE
Both water and solvents are lacking in hardened adhesives, making them one
of the most qualified and most common adhesives for plastics and metals.
Since this type of adhesive lacks water and solvents, it must be cured under
pressure and therefore it is required to keep both components fixed throughout
the process.
Therefore, this is considered a suitable adhesive for a project like this. [16]
2.3.4 EPOXY ADHESIVE
Epoxy adhesive adheres well to most materials and has good characteristics,
which is why it is today among the most common hardened adhesives.
It’s properties are emphasized by shrinking a bit, giving a relatively hard and
strong joint, usually (depending on the manufacturer) withstands chemicals
like petroleum and oils, works well on metals like aluminum and steel and is
found in 2-component (requires hardener) and 1-component (curing using
heat, epoxy adhesives requires at least 95 degrees). [16]
Therefore, this is considered a suitable adhesive for a project like this.
2.3.5 POLYURETHANE ADHESIVE
Polyurethane adhesives remind a lot of epoxies with its strong and filling
joints. However, there are several significant differences. Polyurethane
adhesives are usually used when joining thermoplastics as it wets better than
epoxies do. It has better cold resistance and is considered less unhealthy from a
health perspective. Polyurethane adhesives are also available in both 2-, and 1component. It is commonly used for sandwich constructions. [16]
Therefore, this is considered an unfitting adhesive for this project.
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2.3.6 CYANOACRYLATE ADHESIVE
This type of adhesive cures using ambient air humidity or in the material to be
joined. Cyanoacrylate adhesive, or often called instant-, express adhesive and
such, attaches well to most materials and provides strong joints. However, it
fits better for smaller surfaces due to its fast curing time. This type of adhesive
is available in a variety of special variants that are suitable for metals, plastics,
rubbers, porous materials and more. As this adhesive is so fast-curing, often in
a few seconds, this is considered an unfitting adhesive for this project. [16]
2.3.7 PHENOLIC ADHESIVE
This type of adhesive is often used in the aerospace, electronics and
automotive industries. Often, it is combined to change its properties, such as
phenol + epoxy, phenol + vinyl and so forth. It is cured using high heat for a
long time, however, this results in an adhesive bond that can withstand higher
temperatures than many others can. [16] Therefore, this is considered a suitable
adhesive for a project like this.
2.3.8 ACRYLATE ADHESIVE
One of the major advantages of this type of adhesive is that you do not need to
mix the adhesive with the curing agent before application. You can place the
adhesive on one component and the hardener on the other. It also has good heat
and environmental resistance, short curing time, good application ability on
oily surfaces, good for use with metal and thermosets. [16] Therefore, this is
considered a suitable adhesive for a project like this.
2.3.9 ANAEROBIC ADHESIVE
What is unique with anaerobic adhesive is that it cures when it “suffers”, thus
getting relatively little amount of air. For the most varieties of this type of
adhesive, contact with metal is required for the curing to commence, which is
why you could understand why it’s often called metallic adhesive. However, it
is more suitable for smaller surfaces due to its short curing time. [16] Even
though the adhesive is present with different viscosities, it should not be
assumed that it gives a dense joint, which is why the authors consider that this
is an unfitting adhesive for this project.
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2.3.10 ADHESIVE CHART
Below is [Table 2.1] a compiled chart from page 64 in [16.] to weigh different
adhesive bonds against each other. The more plus signs, the better, and the
more minus signs, the worse. As you may see, the chart does not contain all the
adhesives which the authors have researched, this is just to get an estimate.
The data we entered in our assessments and in the chart, are only orientated,
with that said, there are many different types of adhesives in each category that
have different characteristics that may be both better or worse. These are only
guidelines.
ADHESIVES

A

B

C

D

E

F

G

H

EPOXY 2-component

+++

++

-

++

+++

yes

roomtemp.

--

EPOXY
1-component

+++

+

--

+++

++

no

heat

-

Polyurethane
2-component

++

+++

++

++

+/+++

yes

roomtemp.

--

Polyurethane
1-component

++

++

++

+++

+++/-

no

heat/wet

(-)

Cyanoacrylate

+++

+++

++

+++

---

no/some

Moisture in air or material

---

Acrylate (SGA)

+++

+++

+

+++

+

no

glue & hardener on each side

---

Anaerobic

+++

---

---

++

--

no/some

in the joint (without air)

-

[Table 2.1]

A: Steel & Metals
B: Thermoset
D: Joint strength (attractive force/shear)
F: Joint density
G: Curing
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C: Thermoplastics
E: Suitable for big surfaces
H: Working environment

2.4 SCREW JOINTS
Screw joints in construction is the connection of components with screws or
bolts. Advantageously when a construction must be able to be
disassembled either for moving or replacing components. In the wheel
industry, screw joints are used in some cases to join the rims with the
spokes and hubs, usually with about 30 screws around the entire rim. A
larger number of screws reduces the mobility between the parts when the
rim rotates or strikes an object, sidewalk, pothole and so forth. This is
extremely important as small movements mean faster wear of the wheel.
A screw joint is not necessarily the strongest alternative regarding the
strength of the wheel but is the only option that allows for dismantling.
What must also be considered when using screw joints are the surface finish
of the two surfaces to be joined. These must be fine so that any major
friction does not occur, but that they still interact well. The possible
connection problem with screws is the vibration that can occur while the
car is running, which can cause the screw to loosen or vibrates that much it
damages the surface treatment on the wheel, which leads to corrosion risk.
If an injury would occur on the surface treatment, there is a high risk of
stagnant fluid between the damages wheel and the bottom of the screw
head, which could lead to crevice corrosion that may
cause pitting
corrosion in the sealing surfaces. [13] The screw joints the authors consider
being the best for further research is threaded screws and weld studs.
2.4.1 THREADED SCREW
The idea of using threaded screws is to bore a hole on the backside of the
front part of the wheel with an internal thread which allows a screw to be
tightly secured from within the wheel. For this procedure, a guiding hole
needs to be drilled and then a tap can be screwed into place to create the
internal threads. The use of greasing oil helps to create a smoother thread.
The same procedure is then performed to the rim track, if the holes on the
rim track aren’t cast instead.
To minimize the amount of space needed around the screw heads while
assembling/disassembling the wheel, the use of INSEX or TORX is
recommended since they are both internal which releases space for the
tools around the head of the screw. [16]
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Figure 2.10
Figure 2.11
Figure 2.12
Above it is shown how a potential threaded screw joint is imagined.

2.4.2 STUD WELDING
Another alternative is stud welding. Within stud welding there are three
different methods, CD-, ARC- and SC-method.[12] Stud welding uses an
arc of light between the stud itself and the desired material which makes the
material melt, then the stud is pressed upon the melted material and
hardens. The advantage of stud welding is that it only requires a very short
amount of time for the material to melt which minimizes the risk of
deformation in the material, leakage, discoloration and a burn-through.
When using the right components, it allows the front of the wheel to be
dismantlable. If a threaded stud were to be welded to the backside on the
front part of the wheel, and a drilled or casted hole in the corresponding
location on the back part of the wheel were made, it would allow the
threaded stud to go through and then be fastened with a lock-nut. The slag
created by the weld must be considered when creating the hole on the back
part of the wheel, either remove the slag or make room for it so no gaps
occur between the two parts.
This is a simplified image of how it would be done. Since there is no or little
for a similar procedure on the other part of the wheel, this would have to be
in combination with some of the previously mentioned methods.

Figure 2.13 - Above it is shown how a potential weld-stud is
imagined.
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2.4.2.1 CD-METHOD
The CD-method is a stud welding method that uses capacitor discharge for
welding material. It can be used for steel, stainless steel, aluminum and
brass with a stud diameter of 2-10mm. This method requires very short
welding time due to the rapid discharge that a capacitor packet receives,
the burn time is between 1-3 milliseconds. This means that this method is
very suitable for thin plates, as thin as 0.5 millimeters. [19]

[Figure 2.14] - The three steps of stud welding using the CD-method.

2.4.2.2 ARC-METHOD
The ARC-method is a stud welding method known as “the arc method”.
The method can be used for steel and stainless steel with a stud diameter of
3-25 millimeters. The power source of this method resembles a traditional
welding, with transformer and a time control, the burn time can be 0.1-2
seconds. As a rule of thumb, the thickness of the base material should be at
least ¼ of the diameter of the stud, but is preferably used on 2 millimeters’
sheets or thicker. [20]

[Figure 2.15] - The three steps of stud welding using the ARC-method.

2.4.2.3 SC-METHOD
The SC-method is a stud welding method known as “short cycle”. The
method can be used for sheet metal, non-alloy steel and stainless steel
with a stud diameter of 2-12 millimeters. The burning time is 5-100
milliseconds. This method gives a slightly deeper weld than the CDmethod, and is therefore better suited for coarser goods, preferably over
0.5 millimeters. [21]

[Figure 2.16] - The three steps of stud welding using the SC-method.
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3. METHOD
The basis that has been chosen for this thesis is parts of Fredy Olsson’s
method and the design method that is presented by SVID (Stiftelsen Svensk
Industridesign, the foundation of Swedish industry design).[10]
The Fredy Olsson method is distributed between three different parts,
principal-, and primary- and manufacturing method. The authors have only
used parts of this method since they are not developing a new product,
more particularly the principal method. The pros of this method are that its
early stages are designed for when you are based on a technical need
solution. Which in this case is research and development of the different
joining methods the authors see fit for this project. Also a small part of
Fredy Olsson’s primary method, “Component Selection” was implemented
when filtering the different joining methods.
The pros of the SVID method, which is mainly focused on design, is their
view on different designs. Is design something that is the foundation for the
entire project or is design something that is added in the end of a project?
The SVID method describes different stages of design in their method,
phase one – need (in this case, a need for conceptual designs for the wheel
on which this thesis is based on), phase two – ideas (in this case, different
conceptual design ideas regarding different car models), phase three –
development and phase four – implementation (implement the designs into
CAD-models). The authors consider that design is an important part, but
not in control of the entire project. Design is a question of shape and looks.
Below represents the flowchart of the project. [15] [18]

Starting Point

Evaluation of
Joints

Component
Selection

Product
Research

Evaluation of
Designs

Implementation

Theoretical
Framework

Conceptual
Designs

Presentation of
Results

[Figure 3.1] Flowchart of project.
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4. RESULTS
4.1 STARTING POINT
In Breitschneider and Koivisto’s Bachelor Thesis they have already conducted
a user study and mood board to understand who drives a Volvo Polestar, what
their lifestyle is like and what design preferences they may have. Distinct
corners and edges in combination with details in clear and strong colors creates
an aggressive look and exclusive impression. They developed two design
concepts, as presented below, on which the authors could find inspiration. As
presented earlier, the current wheel is weight optimized, which means that the
adding of materials must be at a minimum. This, of course, limits the
possibilities of changing the shape on the wheel.
Which is why the authors mainly focused on different thin patterns that could
be added on the current wheel layout. As a final conceptual design, the authors
will choose two designs from each category of cross-country, standard, racing
and electric.

[Figure 4.1]

[ Figure 4.2]

Conceptual designs by Breitschneider & Koivisto
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4.2 DESIGNS
4.2.1 CROSS-COUNTRY
Cross-country is an English term which is frequently used when describing
vehicles that is most commonly used for driving in harsher terrain or offroad. What characterizes a cross-country vehicle is often a greater ground
clearance, wider wheelhouse-fenders and a more robust design.
The authors visualize that a vehicle that is built for terrain should have
wheels with not too complex geometrical shapes, mainly to minimize the
amount of dirt collected by the wheels but also as mentioned, give it a
more robust design.

Figure 4.3 - Conceptual designs of Cross-Country spokes

4.2.2 ELECTRIC
The Electric conceptual wheels represent the futuristic genre of cars.
Electric cars are starting to appear much more frequently within different
car brands and are continuously developing and improving. When drafting
the concept sketches, more complex shapes and patterns had to be used to
achieve a futuristic design.

Figure 4.4 - Conceptual designs of Electric spokes.
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4.2.3 RACING
The racing wheel, or the sports wheel, is often the manufacturers high end
version on their production line. The design of these wheels is geared
towards speed and performance. Often with a lightweight design or in
some cases lighter material such as carbon fiber. The focus for this type
was to give the wheel an aggressive and “fast” impression.

Figure 4.5 - Conceptual designs of Racing spokes.

4.2.4 STANDARD
The standard wheel is meant to accommodate most of the production cars
and appeal to a wider array of customers.

Figure 4.6 - Conceptual designs of Standard spokes.
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4.3 RESULT OF DESIGNS
Out of all conceptual designs, two designs for each category were chosen,
resulting in a total of eight designs which are presented in section 6.4. As
mentioned in section 6.2 regarding the description of the different
categories, the authors chose the designs which they found the most fitting
and appealing for the specific category. They also considered some type of
decision-matrix to weigh in different abilities such as weight (of the added
material for the specific design), manufacturing cost, castability and such
to select designs based on different requirements. However, since the
conceptual designs is nothing more but conceptual designs, and the layout
of the designs is easy to change to be more fit for the possible
requirements, for example the thickness of the added material, how narrow
the geometry is and such, no matrix was made since the goal of this project
was to develop conceptual designs, not to develop the “best” design with
the “best” preferences.
4.3.1 3D-MODELLING
The first week at Escenda’s offices, a crash course in their methodology of
surface modelling was conducted to educate the authors on how to create a
stable CAD- model, according to them. This was of course of high priority in
making of the wheels. The advantages of a well-structured and stable CADmodel are that small changes in the earlier stages won’t cause errors later.

4.4 FINAL PRODUCTS AND RENDERINGS
In the following of this report, the final conceptual designs will be presented.
4.4.1 CROSS-COUNTRY

Figure 4.7 - Final rendering of Cross-Country wheels.
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4.4.2 ELECTRIC

Figure 4.8 - Final rendering of Electric wheels.

4.4.3 RACING

Figure 4.9 - Final rendering of Racing wheels.

4.4.4 STANDARD

Figure 4.10 - Final rendering of Standard wheels.
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4.5 PRICE ESTIMATES
After investigating the different methods, the authors obtained some rough
estimates regarding the price of manufacturing for some of them. However,
these are just estimates to get a price perception.
The authors contacted several manufacturing companies for a price check,
unfortunately with poor results. Most manufacturers were not keen to assist.
However, the authors managed to get a rough estimation of the cost for
welding and bore/threading holes.
Regarding welding, the price was set to about 500 SEK per hour,
depending on the production speed the price per wheel varies. Higher
production rate equals to lower cost per wheel.
Regarding the bore/threading there would be a rack cost of 750 SEK plus
200 SEK per wheel according to J. Samuelsson at Sunds Mekaniska AB
(e-mail 2017-05-03) plus the cost of the screws/bolts in use.
These were only rough estimates for manufacturing one set of wheels (4
wheels). If it would be mass-produced, the price would be a total different
number, it would also, with most certainty, not be manufactured in Europe
since the prices in, for example, Asia is much lower.
4.6 PROTOTYPING
A scale 1:5 model was produced using one of the universities 3D-printers.
Preferably a “base-model” for the audience at UTEXPO (the universities
exhibition for the thesis) to look at and to easier understand the geometry
of the two-piece wheel. The goal was to also print different designs to
show up in physical shape, but since the time was short, some issues with
the 3D-printers and high demand of the printers, the authors had to settle
for this “base-model” of the wheel to put on display for those who were
interested.

Figure 4.11 – An image of a 3D-printed wheel with the front part both on and off.
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4.7 FEM ANALYSIS
To compare the cast rim web with and without cast holes, a
simplified FEM- analysis was made to get a rough estimate if the rim
would break with cast holes or not.
The starting point of this project has been that materials cannot be
removed from the topology optimized layout on the spoke.
However, after the topology optimization was done, material has
been added for the two rim parts to have more contact areas.
The idea was now proceeding with this layout, including the added
extras, but to make cast holes in the spokes.
According to Breitschneider and Koivisto’s report [17.] they
obtained from the ISO7141 test that the mass of the “striker” that hit
the rim has a mass of 585 kilograms.
The authors made a very rough calculation using this number only to
get a rough estimation. 585 kilograms was multiplied with 9,82
which resulted in 5745 Newton.
Since the rim was cut into 5 pieces, so that there were only one spoke
to work with in the FEM-analysis, the result of 5745 Newton was
also divided by 5, which resulted in 1149 Newton on each spoke.
The hub was locked in the “space” and the estimated force was
applied on the spoke edge.
The result as shown below is the stress that occur in the spoke during
the load of 1149 Newton. As the result shows, the difference is very
small.

Figure 4.12 - Without cast hole. Von Mises stress =
362 Mega Pascal.
Figure 4.13 - With cast hole. Von Mises stress = 356
Mega Pascal.
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The result as shown below is the displacement that occurs in the
spoke during the load of 1149 Newton. And as the result shows, the
difference is very small.

Figure 4.14 - Without cast hole. Displacement = 9,59 millimeters.

Figure 4.15 - With cast hole. Displacement = 9,72
millimeters.

Conclusion: the wheel should not break if it is constructed with cast holes
on the spokes. However, as reported earlier, this is only a rough
assessment, if this wheel would to be manufactured, further analyses
would be a requirement.
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4.8 EVALUATION OF JOINTS
4.8.1 CHOOSING THE RIGHT METHOD
After counsel with Erik Westerlund, the authors were to further investigate
joining solutions for two different concepts. One for a “solid” wheel (nondismantlable) and one to enable dismantling of the wheel.
4.8.2 NON-DISMANTLABLE WHEEL
Starting with the non-dismantlable, or “solid” wheel. The only methods which
makes the wheel non-dismountable is a more permanent solution – welded
joints or adhesive bonds.
To choose one, the authors made a chart weighing pros and cons regarding the
two methods.

[Table 4.1]

The clear winner is welded joints. Like previously presented in the report, TIG
is a better option when welding on thinner goods thanks to a more controlled
heat extrusion, which is more beneficial. However, both methods are to be
further investigated. To further investigate which type of welding joint is the
best, another chart was made to weigh the pros and cons regarding TIG- and
MIG/MAG- welding.

[Table 4.2]

The clear winner is the TIG-method. With that said, the authors believe that the
TIG-method is the best if the wheel is to be non-dismantlable.
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4.8.3 DISMANTLABLE WHEEL
And now to the dismantlable wheel. Since the wheel is going to be
dismantlable, the welding joints and adhesive bonds is excluded. The
following chart is weighing pros and cons regarding the two methods left,
threaded screw/bolts or stud welding.
Since the stud welding does not need as much preparation (holes and
threading)
as threaded screws/bolts, the amount of time per wheel is reduced and
therefore generates a cheaper production cost.

[Table 4.3]

Because of the equal strength and added weight, the deciding factor was price
and production rate, which is why the authors chose to further investigate stud
welding.
In the next chart the three different stud welding-methods will be compared.

[Table 4.4]

Notice, a minus-mark does not necessarily mean it is a bad method. However, it
is not as good as the method it is being compared to.
The winner is the SC-method. With that said, the authors believe that the SCmethod is the best if the wheel is going to be dismantlable. However, further
research is required to determine how to join the flange of the wheel.
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5. DISCUSSION
This project resulted in eight different conceptual designs in four different
car categories, cross-country, electric, racing and standard. However, it
should be added that no exact geometries have been in mind since the idea
of this project was to develop conceptual designs for the reader to interpret
freely. Thus, in the screening of our conceptual design, we did not weigh
price, manufacturing cost or similar to each other, since we were able to
adjust our geometries so that every design falls within the frames of our,
possible, requirements, like the thickness of the pattern or the shape of the
fillets, to name a few. Concerning the different manufacturing methods, we
consider that we have obtained good and concrete facts that can be used as
a broad basis for further development of this project. Our mission was to
investigate the various attachment possibilities that could be possible, both
to make the rim dismantlable or non-dismantlable. We made a rough
screening of manufacturing methods we thought might be relevant and
weighed them against each other and made a rough estimate of which
method we considered should be the best, resulting in TIG welding if the
rim is non- dismantlable and SC-stud welding in combination with cast
holes in the spokes if the rim is to be dismantlable. As mentioned above,
this was just research about the various possibilities that might be relevant
to a rim of this kind, but if this project is further developed, a deeper
understanding and calculations of the strength of these machine elements is
required.
In the beginning of the project, a lot of the time was spent at Escenda’s
offices in Gothenburg. The main focus was on research and development,
get started with the report and sketching conceptual designs. We took part
of Escenda’s methodology for creating a stable CAD-model when working
with surface modelling in Catia V5. Erik led a crash-course regarding this
so that we could as their methods when modelling the wheel. It was very
different and much more structured than what we have learned in school so
it took some time to learn.
However, it was very useful from an educational perspective.
To interpret our results as well as to see if the possibility of even making
a cast hole in the rims was possible, we did a roughly estimated FEM
analysis. This resulted in a very small difference, which we interpret as it
could be fully possible. However, this is only an interpretation.
What practical consequences can you imagine that our results include?
As said earlier, we have studied the various manufacturing methods or joint
possibilities that might be relevant. We believe that we have come up with
good ideas to enable a two-piece wheel without compromising the geometry
too much. Something that has begun to be used more and more in the
automotive industry is adhesive bonding, which is used on the most parts of
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the car’s components, so we thought – why not the rims?
After some more research, we understood that the various adhesive joints that
exist today may not be optimally adapted to an environment where the joints
are constantly exposed to moisture, heat changes and other stress. This, of
course, resulted in the fact that welding won the highest in comparison with
adhesive bonding. As mentioned earlier, if this project is to be further
developed, a deeper understanding and calculations of the strength of these
machine elements is required.

6. CRITICAL REVIEW
If we were to start over with the whole project, things that would be done
differently would be to set up more specific goals and limitations. User-defined
surveys would be done to get a wider input of what different design
preferences the customers may have. As of now, we have been the only ones
deciding which designs to be used based on our personal preferences.
More focus would also be added on research around the different
manufacturing methods that may be fit for a project like this. We started with
minor research parallel to start making conceptual designs in CAD. Maybe we
should have focused less on CAD – until it was truly necessary, which was at
the end of the project.
However, we are satisfied with our results, both within the research of the
possibilities of joining the two parts of the wheel as well as the designs of the
rim. We developed far more designs than we first had counted on – which is
probably because we focused more on CAD than we should have.
We are also very pleased with our personal efforts. We wrote parts of the
project in-house in Gothenburg to feel the vibe within the company Escenda,
get to know the staff and the work ethics of the company. Escenda has a wide
array of employees, a total of 16 nationalities. The offices are very open and
welcoming which makes the communication easier when working in groups.
We also took great responsibility when working on the project while in school,
not only in the Escenda offices.
The cost of the wheel would be much greater than the current Volvo Polestar
manufactured wheels today, mainly because of the two separate molding
processes for each part of the wheel, and also because of the required merging
method a one-piece casted wheel wouldn’t need.
Our price estimates have been very rough and are not meant to represent the
final manufacturing costs, rather used as guidelines to get a perception of what
the costs might be. Koivisto and Breitschneider estimated in their report that
the total cost of the wheel would be around 300-400% more expensive
compared to the current manufacturing costs. [17]
Looking back, greater focus on ecological and environmental aspects would be
taken into account while evaluating the design proposals and merging methods
since some methods emits larger quantities of carbon dioxide than others.
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8. APPENDIX
All of the conceptual designs developed.

34

35

Oscar Möller, graduated from the
CAD-technician programme at
Halmstad Univeristy and have a great
interest in technology and the
automotive industry.

Jonathan Hägglund, graduated from
the CAD-technician programme at
Halmstad Univeristy and have a great
interest in technology and the
automotive industry.

PO Box 823, SE-301 18 Halmstad
Phone: +35 46 16 71 00
E-mail: registrator@hh.se
www.hh.se

