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Sammanfattning 
Det här examensarbetet är ett produktutvecklingsprojekt som har genomförts i samarbete med 
Vattenfall Research and Development. Projektuppgiften bestod i att konstruera och utveckla en 
fungerande prototyp av en laddningsstation för elbilar baserat på ett tidigare utvecklat koncept. 
Prototypen som har konstruerats och tillverkats i det här projektet kallas NEW. 
Fokus under projektet har varit att konstruera och tillverka en fungerande prototyp. En metod 
som har tillämpats i projektet är en SWOT-analys. Det utvecklade konceptet granskades även 
med hjälp av en utvärdering i hållfasthet. När det tidigare konceptet kritiskt hade granskats 
genomfördes förändringar och förbättringar av prototypen med hjälp av brainstorming och 
diskussion. För att underlätta denna process skapades en visuell prototyp i CAD. Ytterligare 
undersökningar undersökte kabelförlängning och friktion i konstruktionen. Baserat på den 
tekniska prototypen utfördes en kostnadsanalys för att utvärdera konceptets ekonomiska 
aspekter. 
Laddstationen som utvecklades var användarvänlig vilket betyder att användaren kunde ladda en 
elbil med en hand, utan att bli smutsiga och även när det är mörkt. Prototypen bestod i stor del av 
strängpressade aluminiumprofiler. Profilernas tvärsnitt är designade för att innesluta alla 
komponenter, uppnå önskade funktioner och ge ett positivt visuellt intryck. Prototypen 
monterades och demonstreras på Vattenfall i Älvkarleby den 13 juni 2012. 

Slutsatsen av examensarbetet är att en fungerande prototyp av en ny innovativ laddningsstation 
för elbilar har tagits fram till Vattenfall Research and Development. Prototypen eller en 
produktserie av prototypen kan användas för att utvärdera konceptet. Utifrån demonstrationen 
konstaterades att prototypen NEW’s avsedda funktioner fungerar som förväntat. 
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Abstract 
This master thesis is a product development project that has been carried out in cooperation with 
Vattenfall Research and Development. The project task is to design and develop a technical 
prototype of a charging station for electric vehicles based on a previous concept. The prototype 
manufactured in this project is called NEW. 

Methodology used in this project included a SWOT-analysis. The detailed concept was also 
reviewed by an evaluation of solid mechanics. Once the previous concept had been critically 
reviewed, brainstorming and discussions helped introduce new changes to further improve the 
prototype. To aid this process, a visual prototype in CAD was created. Additional investigation 
researched the cable elongation and friction in the design. Based on the final prototype, a product 
costing was performed to evaluate the financial properties of the concept. 

The developed charging station retains user-friendliness by allowing the user to charge electric 
vehicles with one hand without getting soiled, even in darkness. The prototype was 
manufactured using extruded aluminium profiles. The cross-section of the profiles was designed 
to contain all components, meet desired features and have a positive visual impact. The 
prototype was assembled and then demonstrated at Vattenfall in Älvkarleby the 13th of June 
2012. 
The conclusion of the master thesis was that Vattenfall Research and Development now has a 
technical prototype of a new innovative charging station for electric vehicles. The prototype or a 
manufactured series of the prototype could be used to evaluate the concept. From the 
demonstration, it was concluded that the prototype NEW’s intended functionality were working 
as intended. 
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NOMENCLATURE 

Here are the abbreviations and some difficult words that are used in this Master thesis. They are 
listed in a categorical order. 

 
 

Terminology 
Word Description 
EV Electric Vehicle. Vehicles powered by electricity. 

 
BEV Battery Electric Vehicle. Vehicles exclusively powered by chargeable 

batteries. 
 

PHEV Plug-in Hybrid Electric Vehicle. Vehicles featuring both electric motor 
and traditional combustion engine, with chargeable battery for the 
electric motor. 

 
HEV Hybrid Electric Vehicle. Vehicles featuring both electric motor and 

traditional combustion engine. 
 

SAE Society of Automotive Engineers. Organization determining standards 
for powered vehicles. 

 
IEC International Electrotechnical Commission. Organization determining 

standards within the electro-technical field. 
 

Single-phase Distribution of electric power through an alternating current between 
two conductors. 

 
Three-phase Distribution of electric power through three alternating currents, each 

between two of the three conductors. 
 

IP Code Code used to classify protection of casing to electronic components. The 
two digits following IP classify which environment the casing is 
suitable for. 

 
Product costing Method determining the costs for producing and/or retailing a product. 

 
Variable cost Costs that are linearly dependent to the number of units produced. 

(Example: material costs) 
 

Fixed cost Costs that are independent to number of units produced. (Example: costs 
for tools) 

 
Total cost Both variable and fixed cost summarized for producing a number of 

products. 
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Direct cost Costs that can easily be associated with a particular cost object. 
 

Indirect cost Costs that are not directly accountable to a cost object. (Example: 
administration costs) 

 
Type 1 Type of connector (plug and socket) included in the SAE J1772 and IEC 

62196-2 standards. It enables charging with single-phase AC. 
 

Type 2 Type of connector (plug and socket) included in the VDE-AR-E 26-23-
2-2 standard. It enables charging with single- or three-phase. 

 
Type 3 Single and three phase vehicle coupler (plug and socket) with shutters - 

reflecting the EV Plug Alliance proposal. 
 

Mode 1 Slow charging of electric vehicle from standard household socket with a 
maximum current of 16 A. 

 
Mode 2 Slow charging of electric vehicle from standard household socket with a 

maximum current of 32 A. Communication with the vehicle, from a 
control box in the cord, increases the safety and breaks the current if 
communication is lost. 

 
Mode 3 Slow or fast charging using standardised plugs and inlets for electric 

vehicles. Communication between the vehicle and charging station 
ensures the safety and breaks the current if the connection is lost. 

 
Mode 4 Fast charging using standardised plugs and inlets for electric vehicles. 

Similar to mode 3 charging with the difference that the power 
conversion is located in the charging station and not the vehicle. 

 
Plug An electrical connector to be inserted in a socket. 

 
Inlet Socket where the plug can be connected. 

 
Wallbox Charging station developed by Vattenfall with functionalities to improve 

the safety and enable other functionalities during charging of electrical 
vehicles. Serves as an outlet for the current and can communicate with 
the vehicle. 

 
CNC Computed Numeric Cutting. Automated machine tools that uses 

computer control. Runs on codes that can be input manually or 
converted through different software. 

 
Extruding Manufacturing method used for Aluminium. Creates long beams with a 

specific cross-section. 
 

Aging Hardening process used in manufacturing of different materials. The 
material is heated below its melting point under a long period of time. 

 
Anodizing An electrolytic process commonly used on aluminium to increase its 

oxide layer increasing the surface resistance to the environment. 
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Milling 

 
A way of shaping materials by removing material until the desired shape 
has been reached. The cutting is made by a milling tool similar to a drill 
but cuts mainly horizontally. 

 
Grooves A long narrow furrow cut by the extrusion tool. 

 
Heat-defect A visible defect in the surface of the material due to high processing 

temperature. 
 

Waterjet A cutting process using water with small particles to cut through 
material. Often used to cut through metal plates to get a desired 
geometry. 

 
DIN-rail Metal rail of a standard type widely used for mounting standard 

electrical components. 
 

Cable carrier A wheeled vehicle designed to carry the charging cable and reduce 
friction. 

 
U-beam A standard type of beam shaped like a “U” and only available in some 

specific dimensions. 
 

Solid Mechanics The branch of mechanics, physics and mathematics that concerns the 
behaviour of solid matter under external actions. 

 
Stress It’s a measure of the internal forces acting within a deformable body. 

 
Moment of 
inertia 

A measure of a material or geometry’s resistance to change of rotation 
or bending. 

 
CAD Computer Aided Design. Software’s that use computer technology for 

the process of design and design-documentation. 
 

Modularised The degree to which a system’s components may be separated and 
recombined. 

 
GANT-schedule A kind of bar chart that illustrates the start and the finish dates of project 

elements. 
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1  INTRODUCTION 
This chapter describes the background, the market situation, the project goal, the methodology, 
the scope and the connection to other projects. 

 
 

1.1 Background 
The interest for electrical plug-in hybrid vehicles is growing (ref 1). There are several obstacles 
before electric vehicles can be marketed on a larger scale. New charging solutions have to be 
developed and implemented into the infrastructure. The development of the new electric vehicles 
and infrastructure are interdependent. The consequences are an unstable market with many 
uncertainties concerning the design of the future charging solutions (ref 2). 
A concept of a user-friendly charging solution has previously been developed in a project in 
cooperation between KTH and Vattenfall during 2011 (ref 3). The concept will integrate the 
existing Wallbox, a product developed by Vattenfall for charging electric vehicles at home. The 
new concept was an attempt to improve the user-friendliness when charging. One important 
factor that had been improved with the concept was eliminating the risk of the charging cable 
getting in contact with the ground and keeping it clean. It also facilitates usage in darkness, with 
illumination so that the charging cable does not obstruct the user. Furthermore the concept 
enables the user to use it with only one hand and without removing gloves when it’s cold. 

1.2 Market situation 
When the market was observed in the previous project, “Design of a user-friendly charging 
solution for electric vehicles”, (ref 3) only a few charging posts in Stockholm was possible to 
find. There were only a few because both electric and plug-in vehicles remained uncommon (ref 
2). The demands of new charging solutions were considered to be raised by increased 
development of electric vehicles. 
The charging solutions in Stockholm were considered to mainly be available for public use and 
seemed to seldom be used for charging. The parking lots were normally occupied by 
environmentally friendly vehicles. It was not currently permitted by law to reserve parking 
spaces for electric cars (ref 4). The market for charging solutions seemed likely to increase, 
because an electric vehicle would be parked at home by night. This was deemed a good time for 
charging. Therefore it was predicted to be a future market (ref 5). Home charging solutions 
seemed to be in the process of being developed. In the near future it appeared reasonable to 
consider home charging as the main supplier to charge the vehicles (ref 6). The public charging 
solutions would be a backup when leaving home and its charging station. 

A study from 2009 by Trivector (ref 7) of the need, placement and costs for public charging 
stations concludes that much were happening within this market. It argues that a large-scale 
investment in supporting infrastructure was not yet essential to aid the development of electrical 
vehicles. The study also presented another aspect where a small series of charging stations for 
promotional purposes were more reasonable. At the time of the study it seemed realistic to 
research possible future solutions, so there would be solutions ready when the infrastructure 
could be in need of expanding. 
The automotive industry was developing and commercializing concepts of chargeable hybrid 
vehicles and purely electric vehicles (ref 8). Most of the major brands in Europe were likely to 



 16 

have at least one model for sale at the beginning of 2013. Volvo is for example was starting the 
serial production of a plug-in hybrid in the fall of 2012 (ref 9), and was currently producing 250 
electric vehicles of the model C30 Electric to test with costumers (ref 10). 

1.3 Project goal 
The goal of the project was to develop a technical prototype based on the concept of a user-
friendly charging solution (ref 3). The project was estimated to be finished in the end of June 
2012 and the prototype to be demonstrated at Vattenfall. The prototype will be functional, 
meaning it would be possible to charge an actual electric vehicle with it. 
The purpose was to evaluate the concept in terms of usability, user-value, manufacturing costs 
and if it’s feasible to manufacture. The results of the project were to research and give input to 
deciding if there were to be further projects, which may include development towards a 
commercial product. 
The strategy was to manufacture this prototype in cooperation with external companies that 
Vattenfall already had connections to, or to find new companies to collaborate with. 
Development of the existing concept and search for suitable components as well as partners was 
to be done before the manufacturing began. Hence, connection with the companies was to be 
made early in the project. 

1.4 Methodology 
The concept evaluated and developed in this project is derived from previous projects. This 
original concept was to be developed further in detail so that it could be analysed and critically 
reviewed by several different methods. One method used was a SWOT-analysis (Strength 
Weaknesses Opportunities Threats). This method asses the pros and cons and highlights the 
benefits that should be kept as well as the downsides that should be eliminated. The detailed 
concept was also submitted to a solid mechanics evaluation. This evaluation was to investigate 
stresses in the design and conclude if it was realistic to manufacture. These methods would then 
form a basis to make changes to the concept. 
Once the concept had been evaluated, brainstorming and discussions were held to implement 
changes that improved the concept. To aid this process a visual prototype in CAD-software was 
created with these changes, see Appendix A for visual prototype. This prototype facilitated 
decisions about the design and it's dimensions. After the changes had been decided this visual 
prototype could aid in the process of choosing components and finally to produce documentation 
to aid the manufacturing of the technical prototype. 
Some investigations were also performed to ensure the quality of the technical prototype. One 
investigation researched the cable elongation, see Appendix B, while the other researched 
friction in the design, Appendix C. 

A technical prototype was manufactured to enable future tests of the concept. It was to be used to 
evaluate the functionality of the concept with potential users as well as enable it to be used to 
attract publicity. The technical prototype was also to be used to concretize the concept. Both to 
discover impossible design features and to give reliable input data regarding manufacturing 
costs. To ensure the quality of the prototype a separate requirement list concretizing the aim was 
formulated, see Appendix D. This was to aid the decision-making of uncertainties.  

Based on the technical prototype a product costing was conducted to evaluate the financial 
properties of the concept. The purpose of evaluation was to investigate the costs of a smaller test 
series. 
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A vivid project organization was formulated to ensure the efficiency and solve disagreements. 
The participants in the project were given different responsibilities. In case of disagreement 
within one of these responsibilities, the person given the responsibility would have the final 
word. It was also up to the person with the responsibility to make sure that all problems within 
that field of responsibility were sufficiently dealt with. 

Axel Tollin 
• CAD 

• Communication 
• Product Costing 

Viktor Åkerblom 
• Components 

• Manufacturing 
• Assembling

 
To even further ensure the efficiency throughout the project and to keep the project within the 
time frame a GANT-schedule with specific milestones of deliverables were formulated. Some 
potential risks were formulated as well as actions to prevent them as much as possible, see 
Appendix E for the project plan. 

1.5 Scope 
The project included the manufacturing of a technical prototype with focus on the mechanical 
design and functionality, electronic controllers and relays etc. were excluded from the 
developing process and instead existing components from the Wallbox developed by Vattenfall 
were used. 

The manufacturing is to be done by external companies and the workshop at Vattenfall in 
Älvkarleby. To ensure the quality of the prototype a dialog with the companies will be held 
during manufacturing. This to make sure there are no misinterpretations. Due to the project 
budget, mostly standard parts will be used such as existing aluminium profiles. The charging 
plug was a type 2 plug because this was the standard Volvo used for the V60 plug-in hybrid. 
The project was scheduled for 20 weeks. This tight schedule forces a progress because a 
technical prototype was to be finished before demonstration. 
The focus was to develop a prototype of a charging station available when charging at home or at 
work. These were places where the vehicle was going to be parked for a long period of time. 
Therefore the concept has to be mountable on three different locations as follows: 

• At an open space (parking lot at the yard) 
• On a wall 

• In a garage 
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1.6 Connection to other projects 
The project was a continuation of three earlier projects by students on Vattenfall´s behalf. The 
first project, “Investigation of charging solutions for electric cars” (ref 11), looked into possible 
future charging solutions. The result was a concept of a portable charging cable which was 
stored in a smart casing. Other different concepts were also presented and analysed using 
SWOT-analysis. “Requirement specification user friendly charging cable” (ref 12) researched 
user demands on future charging solutions and concluded these into a requirement specification. 
This specification was then applied in the project “Design of a user-friendly charging solution 
for electric vehicles” (ref 3) to develop a concept for charging, here referred to as OLD (Original 
Last Design). The process and connection to previous projects are illustrated in Figure 1. 

FUNCTIONAL AND 

TECHNICAL REQUIREMENTS

INVESTIGATION OF CHARGING 
SOLUSIONS

MANUFACTURING OF

TECHNICAL PROTOTYPE

CONNECTION TO OTHER PROJECTS

CONTINUED WORK
TOWARDS 

COMMERCIALIZATION

20112010 2012

DESIGN OF CONCEPT

 
Figure 1. Connection to previous projects. 

This project continued the process by developing and manufacturing a technical prototype based 
on investigations of the OLD concept. Since the concept is derived from several previous 
projects it had a requirement list setting demands from these, see Appendix F for the requirement 
list. Example of requirements was safety demands and issues concerning user-friendliness, such 
as charging in darkness without getting soiled. It was important to keep these requirements in 
mind when changes were implemented to avoid deviations from the original aim. 
The requirement list was still a bit comprehensive. It was summarized in the three words user-
friendliness, pure and safe. User-friendliness consists of the requirements of how to use the 
product, not getting soiled and the possibility to use it when it’s dark. Pure is a word used by 
Volvo to introduce the new plug-in hybrid car. It associates to the lack of emissions, which is 
possible by using green electric power when charging. Safe is the word that explains the main 
focus at Vattenfall. This meant that safety was a very important feature when developing a new 
charging station. 

During the project “Design of a user-friendly charging solution for electric vehicles” it was 
decided that the concept is going to be used at home or someplace where the vehicle is parked 
for a long time.  
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2  CRITICAL REVIEW OF OLD 
As described in the methodology section, the previously developed concept OLD was put to a 
critical review. The aim was to identify and preserve good qualities while eliminating 
weaknesses of the concept. 

 

 

2.1 OLD 
The concept OLD from the previous project consisted of extruded aluminium profiles which was 
known to be environmentally friendly due to the recycling possibilities. The pole was composed 
of two profiles, front and back, that were snapped together during assembly. Inside the 
aluminium casing a DIN-rail was mounted to support standardized DIN-components. Attached 
to this track were the components found in the earlier Wallbox developed by Vattenfall. This 
meant that this solution could replace the Wallbox. Figure 2 shows the rendered CAD-model 
along with the Volvo V60 Plug-in Hybrid. 

 
Figure 2. Concept OLD. 

The aluminium casing was based on modules. This meant socket outlets. The type 2 charging 
plug and hanger could be placed at a suitable height. It also enabled persons with special needs 
to customize the charging solution. 
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Because OLD should be mounted on a wall, in a garage or at an open parking lot, it was 
designed in two different variants. The first one could be mounted on a wall or inside a garage. 
The second variant could be free-standing at an open space, for example a parking lot in a yard. 
Both variants are shown in Figure 3. 

 
Figure 3. Freestanding and wall-mounted variant of concept. 

An arm was going to rotate depending on where the charging inlet on the car was located, as 
shown in Figure 4. The arm would also automatically reset to its original state if the charging 
plug was unplugged. At the bottom of the arm, illumination would improve visibility whilst dark. 
The movement of the arm allowed the light to follow the user where it was needed. This made it 
easy to find and connect the charging plug even when dark. 

 
Figure 4. Movement of the arm. 

To enable an evaluation of the concept OLD, it was initially developed to be more specific. The 
functionality of the arm was concretized and possible components were considered. This was 
implemented in the concept to form the basis of the SWOT- and solid mechanics evaluation. In 
Appendix I the detailed arm feature is explained. 
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2.2 Critical review 
The method of using a SWOT analysis was used to review the concept in a critical way. The 
result of the analysis is illustrated in Table 1. The method was used to analyse the strengths and 
weaknesses of the concept described above and compare it with other competitive products. 

Table 1. SWOT analysis. 

 SWOT ANALYSIS 

 Helpful Harmful 

In
te

rn
al

 o
ri

gi
n 

STRENGTHS WEAKNESSES 

user-friendly, adjustable illumination, no 
cable on the ground, charging outlets, 
communication of charging status, no risk of 
stumbling upon the cable 

advanced construction, expensive to 
manufacture, expensive bearing, risk of 
fatigue, limited range 

E
xt

er
na

l o
ri

gi
n 

OPPORTUNITIES THREATS 

lack of charging stations for home usage, 
new market, environment and political 
interests 

mode 1 charging with ordinary extension 
cord, similar product without a arm, no 
chargeable cars, stagnation of market, many 
competitors interested 

It was important that the concepts strengths were maintained during the design and development 
process. This would separate the final product from similar products developed by competitors. 
Focus was put on the user-friendliness. Some features were stated as strengths of the prototype. 
One was that the illumination followed the user and provided illumination where it’s needed. 
Another was that the design prevents the charging cable from getting in contact with the ground 
and would also exclude the risk of stumbling on the charging cable. The prototype would offer 
additional socket outlets to charge and use additional equipment such as a vacuum cleaner or a 
pressure washer. Finally a communicating feature that would announce the charging status and 
process was seen as a strength. 
Some noted weaknesses were that the design was complex. It was important to keep the design 
simple to facilitate the manufacturing and lower the production costs. A more simple design 
could also reduce the risks of fatigue by decreasing torques derived from the arm. 

Considering the market, that was assumed to be positive and growing. There was likely to be a 
demand of charging stations associated with the introduction of electric and plug-in hybrid 
vehicles. There was currently a focus on public charging stations, but the market was considered 
to still be very new. There was considered to be an opportunity in the market to develop a 
charging station for home usage, because the chargeable vehicles will be charged during the 
night. Political and environmental interests did favour this positive progress of electric vehicles 
and home charging stations. 
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Finally there were threats to consider. The concept was a conductive charging solution, but at the 
same time inductive solutions were being developed. This doesn’t mean the inductive solutions 
were likely to put the conductive solutions out of market. They were considered more likely to 
complement each other because of different properties. Several competitors would be on the 
market, demanding a development of a unique or less expensive charging solution. There was 
considered to be a risk that there will be a stagnation of the market or that it would grow slowly 
due to a slow introduction of electric vehicles. Also similar products or prototypes had to be 
considered. Finally the developed concept had to be compared with a simple ordinary extension 
cord, which can be used when charging in mode 1.  

Solid mechanics evaluation 

To research the stresses within the structure some simple calculations concerning the torques and 
forces was completed. Three different critical areas of the concept were investigated. These 
critical areas in the construction were considered to be the rotating joint to the arm, the 
orthogonal bend at the top and the fastening to the ground, as illustrated in Figure 8. 

 
Figure 8. Solid mechanics model. 

Based on the pulling force P of 2000 N and different angles θ, the torque and force resultant in 
all three areas were approximated in a mathematical simulation. The approximation showed that 
a torque of up to 800 Nm in the structure could be common, and that the solution should be 
designed to withstand it. 
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Since aluminium profiles had been considered to be used in the concept, some basic solid 
mechanics calculations were made to approximate the maximum level of stress in the structure 
for some standard U-beam profiles available. The theoretical case that was studied for the 
profiles is illustrated in Figure 9.  

 
Figure 9. U-beam model. 

When the maximum stress level of different available standard profiles were analysed, the results 
were based on a load of with an 800 Nm bending torque. The results are illustrated in Table 2.  

Table 2. Stresses for standard U-beams 

a x b x c [mm] Moment of inertia Maximum stress 

160 x 50 x 5 0,27 * 10-6 125 MPa 

160 x 50 x 10 0,59 * 10-6  60 MPa 

200 x 100 x 10 3,82 * 10-6 17 MPa 

160 x 60 x 5 0,45 * 10-6 87 MPa 

In the beam with the dimensions 160 x 60 x 5 mm this would result in a displacement ez of 10 
mm in a beam of length 1 m. This lead to a reasoning that if such a standard profile were to be 
implemented as the supporting structure of the prototype, it could without any support lift a 
weight of up to about 200 kg if the length of the arm was approximately 1 m. 
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2.3 Changing the design 
The SWOT analysis and the solid mechanics evaluation highlighted some problems with the 
concept. These were mainly high production costs for the concept and a risk of fatigue because 
of the arm. One more reason for the concept being changed was the possibility of using a bent 
aluminium profile that was discovered at a meeting with manufactures. 

The changes of the concept lead to: 
• Lower manufacturing costs 

• Lower risks of fatigue 
• Possibility of implementation of a bent aluminium profile 

• Cleaner design 
This was accomplished without decreasing the user-friendliness of the concept. The concept still 
maintained: 
• Good cable range 

• Illumination which aids in connecting the charging equipment 
• Cable handling 

• Usability with only one hand and gloves 
• Cable is not in the way 

• The cable does not get in contact with the ground 
The consequences of the changes with the concept were that the illumination wouldn’t follow the 
user and that there might be a bigger risk of the cable getting in contact with the vehicle. 
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3  NEW CONCEPT 
In this chapter the NEW concept is introduced. The used cross-section design, installation, 
charging range and ergonomics are described. 

 
 

3.1 NEW design 
The NEW (Next Evolved Way) design of charging station for EV:s held the components of the 
existing Wallbox. It was possible to charge the vehicle with just one hand and also when it was 
dark, thanks to LED lights. The movement sensor would automatically turn the lights on when a 
vehicle is parked. The cable handling kept the user free from dirt and moisture. The plug was 
protected under a hatch when not charging. There was an angle between the arm and the vertical 
profile. This feature retracted the charging cable only using the force of gravity. The new design 
was extruded from pure aluminium and could easily be disassembled and recycled. The most 
important features of the new design are illustrated in Figure 10. 

 
Figure 10. Important features of the new design. 
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The lower part of the aluminium profile could slide down for easy service of the charging 
station, see Figure 11. The opening revealed the electric components attached to a DIN-rail. A 
hidden wire kept the profile connected in service mode. Socket outlets with covering lids would 
also be used on the front to enable other equipment to be connected. 

 
Figure 11. Service mode in NEW. 

Several components and wiring was fitted in the protective aluminium casing. Figure 12 show 
different components that are fitted within the casing. The customized aluminium profiles were 
connected with standard U-beams and the joint was supported with water-cut aluminium parts. 
In this casing the electronic components and hanger of the plug was mounted in one standard U-
beam. The charging cable was to be fitted in the pole with a cable carrier to avoid abrasion and 
tangling. It was designed to fit within the extending arm to conceal it and protect it from the 
environment. A spiral cable will be used to increase the flexibility of range and give a smother 
movement along the cable carrier rail transporting the cable. 

 

 
Figure 12. Exploded view. 
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3.2 Cross-section design 
The cross-section was the same throughout the entire construction because it’s manufactured by 
extrusion, see Figure 13. A detail to guide the connecting U-beams was integrated in the profile 
to stabilize the design. The custom extruded profile was grooved in some places. The grooves 
hid potential heat defects created during manufacture caused by thicker thickness at the holes on 
the inside of the profile. Further features implemented in the custom profile were features to 
create a sliding rail to support the cable carrier. The design of the sliding rail depended of the 
dimensions of the cable carrier. 

 
Figure 13. Cross-section. 
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3.3 Installation 
The charging solution would be mounted onto a standard cast U-beam attached to a block of 
concrete at the bottom or wall-mounted, see Figure 14. The concrete base was a similar strategy 
used for the light posts, fences and most mast resembling structures. To keep the modality of the 
design it was to be spreadable into two halves, see Figure 15. This helps during transporting as 
well as enabling the lower part to be excluded if it would be mounted on a wall. 

 
Figure 14. Wall-mount 

 
Figure 15. The two halves of NEW. 
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4.4 Charging range 
The range of the charging solution depended on the length of the horizontal arm. The Volvo V60 
Plug-in Hybrid is illustrated below in Figure 16 together with the new design. The range is 
marked in different views. The horizontal arm is 1m long and located 2 m up. This was the range 
using a spiral cable before it’s extended, thus the actual range would be even further. The length 
of the spiral cable is decided based on the fact that it won’t get in contact with the ground. The 
spiral cable will be extended a little because of the weight of the cable and connector. 

 
Figure 16. Charging range before cable extension. 

The new design was dimensioned to reach charging inlets located in the front part of the car. If 
the charging inlet is located in the back part, the car can be reversed when parking or the 
charging solution can be mounted closer to the inlet. 
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3.5 Ergonomic perspective 
To evaluate which height that was suitable for the resting place of the plug, ergonomics 
references were used. Suitable height was reasoned to be above knuckle height, eliminating 
bending to reach the plug and below shoulder height, to eliminate over shoulder lifts. This set a 
suitable span of 800 - 1255 mm if 95% of the Swedish male and 95% of the female population 
were considered, as shown in Figure 17. If a person confined to a wheelchair were to use it, an 
interval of 1060 - 530 mm would be suitable. 

 
Figure 17. Illustration of ergonomic measurements. 

This implied that a suitable height for the charging plug hanger would be within the interval  
800 – 1060 mm. Since the concept included both a wall-mounted and a free-standing charging 
station, there was a separation at the height of 1300 mm. This set the lower limit for positioning 
the hanger. Therefore a height of 1400 mm was chosen.  
This was above the height limit that was desired, but it was prioritized to have the same top 
design. The height meant that it was not optimal in an ergonomic point of view, but still within 
reach. Important was that it was going to be used occasionally with comparatively long time 
spans, so stresses caused by over shoulder lifts with low weight would be no major health factor. 
Also of importance was that the wall-mounted variant could easily be adapted while installed to 
fit better for shorter persons or people confined to wheelchairs. Therefore the decision was made 
to differ from the desired height span. 
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4  MANUFACTURING  
From the new design a technical prototype were to be manufactured. This prototype was to be 
used to enable an evaluation of the concept when charging a real electrical vehicle. As 
mentioned in the methodology section of this report a requirement list was formulated to ensure 
the quality of the prototype, see Appendix D. Different external companies were consulted and 
collaborated with in manufacturing of the prototype.   

 

 

4.1 Aluminium profile 
The casing of the charging station was made of aluminium and the manufacturing method used 
was extrusion. 

Extrusion 

The design of the cross-section was an important milestone of the design process. It should 
house all the components and contain built-in functions to support them. In addition the design 
should cope with stresses, be inexpensive to manufacture and be easy to assemble and have a 
visual impact. Furthermore it had to protect components from moisture and ensure a safe usage. 

Because of the manufacturing method, the cross-section would be the same throughout the entire 
profile. This made it more complicated to design the cross-section. The extrusion of the 
aluminium profile was executed by an external company. A hollow profile was decided and a 
tool needed for the extrusion was ordered from their suppliers, see Appendix G for the full 
process in the cross-section design. 
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The final cross-section dimensioned is illustrated in Figure 18. The dimensions to the right with 
height 61mm and width 122mm was to constrain the U-beam to slide into place. This feature was 
to connect the modules together and contain the electric components, cable carrier and resting 
socket for vehicle plug. Pins was planned to be inserted in Detail A to further strengthen the 
charging pole and aid in assembling the modules correctly, even during external strain. At the 
underside of the profile a track for the cable carrier consisted of an edge illustrated in detail B. 
The width of the track was 49 mm to avoid problem with clamping tolerances to the wagon of 
the cable carrier with a width of 47 mm.  

 
Figure 18. Cross-section, dimensioned verified by constructor. 

Machining profiles 

To get the desired geometries the extruded profiles was cut into desired length and aged. The 
harder aged lengths were milled in a CNC-milling machine and some work was performed 
manually in a workshop. The completed profiles were then sent to be anodized, see Figure 19 for 
final result. 

 
Figure 19. Two milled profile parts. 
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Investigation of bending and open profile 

Some early ideas of the prototype design used a front and a back profile. Cross-section 1 in 
Figure 1 consists of a standard U-beam and a custom extruded profile. The tool needed to 
extrude an open profile is cheaper than a hollow profile. The grooves in cross-section 1 hide the 
connection between the two different profiles.  
After discussions with ProfilGruppen the design of the custom profile in cross-section 1 was 
impossible to extrude because of material height, see Figure 20. This meant that the extrusion 
tool would break if not modifications of the design were made to enable extrusion. For further 
investigation of bending and different cross-sections please see Appendix G. 

Figure 20. Cross-section 1 and bending radius 1200 mm. 

Changing to hollow aluminium profile 

After meetings with the constructor at ProfilGruppen it was concluded that bending two different 
aluminium profiles so that they would fit together would be too difficult. Instead a solution with 
a hollow profile was discussed. This would mean that these bending difficulties could be avoided 
as well as give more freedom in designing the profile for the prototype. 

To avoid losing functionality when changing to one hollow profile a new construction were 
designed to keep the modularization and service features. This new construction consists of 
several modules that form the charging solution. Some of these would be optional and other 
necessary modules would be standard, see Figure 21. 

 
Figure 21. Module based profiles. 
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Bending strategies 

This new hollow profile meant that ProfilGruppen would be able to bend the profile. The 
bending radius was however uncertain. A radius of approximately 900 mm could be guaranteed 
theoretically for this specific profile, but smaller radius’s were possible practically, but could 
result in a more uneven surface. Because of the uncertainties, tight project schedule and cost 
aspects the bending was neglected. Also the bend in Figure 21 was far from the desired bending 
radius shown in Appendix G.   

4.2 Components 
Some components of the prototype are visible in Figure 22. Components in the prototype 
included a movement sensor, LED-lists, cable carrier, screws, nuts, vehicle plug etc. These parts 
were purchased at retailers, except some sponsored components. The components also included 
some water-cut parts for hanging the plug and stabilizing the joint of the arm, as well as end-
plugs for the customized aluminium profiles manufactured through 3D-printing, see Appendix H 
for more detailed description of included components. 

 
Figure 22. Some components for the prototype. 
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4.3 Assembling 
Assembling of the prototype took place at Vattenfall in Älvkarleby, see Figure 23. Drawings had 
been made so that workshop could aid with some final fitting and drilling. A schedule of the 
assembling process had been made to ensure the assembling could be completed in the limited 
time available. With the components ready the assembling were performed within the project. 
Help was received with installation of the electronic components purchased and the ones from 
the Wallbox.  

 
Figure 23. Assembling of NEW. 
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5  PRODUCT COSTING  
This chapter describes the product costing and displays the prime production costs. A graph 
shows the costs dependence to number of units. 

 
 

5.1 Product costing scope 
The aim of the product costing is to estimate the costs of the product. The estimation can support 
a decision whether to continue with the project or not. It is important to notice that this product 
costing is only a calculation. The figures have to be evaluated when exact data is available.  

Costs depend on the manufacturing method used. Furthermore the method depends on the 
product volume. The product calculation will focus on product volumes as follows: 

- 10 products 
- 50 products 

- 100 products 
- 500 products 

The pole of the prototype is assumed to be extruded with fixed costs of the extrusion and 
bending tool. The method is suitable at high product volumes. The end plugs on the other hand 
are 3D printed when the product volume is low. The manufacture method has to be changed 
when the volumes increase. This affects both the direct and the indirect costs. The example 
affects several components of the product. 
There is a lot of different calculation methods used to perform a product costing. After some 
research two methods of interest were looked upon. 

5.2 Mark-up costing 
Mark-up costing is the most common used method in the engineering industry (ref 13). The 
method splits the product cost into direct and indirect costs. The former affects the product direct 
in calculations and accountings and the latter in the form of expenses. Because the product 
costing is based on fixed volumes and a new product, it is appropriate to use “Apportioning of 
Costs”.  
The alternative method “Activity Based Costing” is considered to be too comprehensive at this 
point. The product isn’t available on the market so to go in the opposite direction from mark-up 
costing is unnecessarily difficult. 

The indirect costs can be reduced to one single expense to facilitate the calculation of the product 
costing. 

5.3 Importance of actual costing 
It is important to compare an actual costing with the first calculations when the product is 
manufactured and finished. It makes it possible to evaluate the differences. The knowledge 
enables a better calculation of future product costing. 
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5.4 Product costing result 
The prime production cost varies from 65’000 down to 22’000 SEK/unit in the defined interval 
of 1 – 500 units. The data is based on the manufactured prototype, and data from another model 
of the Vattenfall Wallbox. The model includes the cost of manufacturing a fully functional unit 
as well as installation at a suitable location (with power supplies available to connect). A 
diagram of the costs dependence to the number of units produced is illustrated in Figure 21. 

 
Figure 21. Costs dependence. 

Figure 21 show that the total cost (TOTAL) is decreasing to about half per unit before the 25th 
unit. After that the decrease is slowing and at a series of 500 units it’s about one third of the 
original cost. It can also be seen that the direct material costs (DM) act like a step function that is 
reducing in value when it is profitable to the total price to have more advanced methods. At 
some points when this occurs the material expenses (MO) increases because of higher fixed costs 
for manufacturing methods. It can also be observed that the direct labour costs (DL) is fixed 
throughout the entire model. This is because of the limitations of the model, when in a real 
scenario this cost would be expected to decrease. This due to faster working pace from more 
effective methods for larger series as well as workers learning the specific tasks. 
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Since much of the work is outsourced and not manufactured in-house, much of the cost falls to 
the category of Direct Material Costs. A large portion of this category derives from different 
purchased components with a cost from low-volume purchases and it’s hard to tell how larger 
orders could influence the cost. Below in Table 3 is an example of the prime cost distribution for 
producing 10 units. As shown here the fixed cost per unit is only 7’500 SEK. 

 
Table 3. Prime production cost of 10 units [SEK]. 

Direct Material Cost 17616 (Purchased parts 11245) 

Direct Labour Cost 6165   
Material Expenses 7500   

Manufacturing Expenses (Not applicable)   
Manufacturing Costs (Included in labour cost)   

Selling Cost (Not applicable)   
Administration Cost (Not applicable)   

Prime Production Cost (Not applicable)   
Total 31281   
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6  DEMONSTRATION  
This chapter describes the demonstration of the technical prototype at Älvkarleby and the first 
impressions. 

 
 

6.1 Demonstration 
The prototype was assembled 11th-13th of June in Älvkarleby, just in time before the 
demonstration. The result was as expected and the parts were easy to assemble, even though 
some edges were razor sharp. The photo in Figure 24 is showing the day of demonstration. 

 
Figure 24. Day of demonstration. 
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About 15 people attended the demonstration and they were all impressed by the prototype. As 
seen in Figure 25 the prototype was mounted on a tree and the electric Renault Kangoo Z.E. was 
parked next to it. The Kangoo has a Yazaki type 1 charging inlet, which doesn’t match the type 2 
Mennekes plug used on the prototype. The chosen charging plug of type 2 will match the 
charging inlet of the brand new Volvo V60 Plug-in Hybrid. 

Unfortunately the charging cables ordered from Miltronic were delayed and were to be delivered 
the same day as the demonstration. Instead a similar cable from the company was used. This 
delay lead to no charging was possible at this time. It wasn’t a problem because the only electric 
vehicle available, the Kangoo, wasn’t compatible with the charging plug. The focus was to show 
the prototype and let the members of the demonstration test the features.  

 
Figure 25. Prototype, meeting attendees and Renault Kangoo Z.E. 

6.2 First impressions 
The impressions were positive when assembling the prototype. The parts fitted perfect with each 
other even if they were manufactured at different places and with different methods. This was 
exceeding expectations. 
When assembling the prototype the first impression was that it felt big. The dimensions are 
based on the components mounted inside the aluminium profiles. Mainly the cable carrier 
needed the largest space. Also the prototype size is needed when it comes to charging range and 
it’s important that the resting hanger of the charging plug is reachable. The dimensions of the 
prototype felt better when it was mounted outside and next to a vehicle. 
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7  DISCUSSION AND CONCLUSIONS 
A discussion of the results and the conclusions that are drawn during the Master of Science 
thesis are presented in this chapter.  

 
 

7.1 Discussion 
There were delays in the process of manufacturing the prototype. Some of these could have been 
reduced by having a faster process to establish the design with manufacturing collaborators and 
to start the manufacturing earlier. Delays from different manufactures were expected and a good 
contact has been held, especially thanks to visits at the companies. Experiences show that it is 
positive to stay in touch on a regular basis and verify deliveries and possible problems at an early 
stage. The positive contact reduced some delays because these problems were discovered early. 
Because the prototype has been such a low-series production there has been some difficulties to 
be prioritized by the manufactures and being able to apply pressure. 
Since the beginning it has been known that an optimistic project plan had been formulated. 
Because of this a large buffer for delays were kept in the end of the project. This buffer was 
exceeded, but there were still enough time to finalizing a prototype that could be used at a 
demonstration. 
Because of the time pressure throughout the project not all the different parts have been able to 
be evaluated from a solid mechanics perspective. This has resulted in that some of the 
components are a bit oversized and could be reduced. Another important factor of time pressure 
is that it forces a progress. For example the pole uses a hollow profile. From the beginning this 
was a demand from the manufacturer to be able to bend it. When this bend wasn’t used the 
profile was still hollow. Early ideas describe an idea of using a standard U-beam in the back and 
then attaching a custom profile in the front.  

The product costing was based on the manufacturing of the prototype, some further sources from 
manufactures and Vattenfall’s Wallbox. This means that the model is more accurate at low-series 
production while some savings at larger series is not included. These are factures like more 
effective work-pace and more beneficial conditions for negotiating price of components.  

It is expensive to use extrusion when just a few products are developed. This was known from 
the start, but it was worth it because the value of the research of the manufacturing method. 

The product represents the words user-friendly, pure and clean. During the demonstrations the 
members could use the charging station without any uncertainties. It was noticed that they used 
two hands when the hatch was pulled up to reach the charging plug. Further tests have to be 
executed to verify charging range, visibility, time to charge, wearing and usability in different 
weather conditions. 
The classification of the IP code of the charging station will be determined of the outer casing. 
Test could verify the classification of the protecting casing. This is required to reach the safety 
demands and to get a certified classification. 

Potential of concept 

The prototype focused on charging at home and was to be mounted in a car port, garage, on a 
house wall or a parking lot. With the result of the real prototype it may be more suitable to use 
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the charging solution in public areas. The size is needed to fulfil the charging range and the 
ergonomics. Furthermore the cable carrier needed the dimensions to be able to move freely.  
A positive thing with the size is that the charging solution is visible. It may advertise electric 
vehicles as well as Vattenfall if branded. A good place to mount the prototype in first place are 
parking lots at Vattenfall or other places where it’s visible and the user can charge the electric car 
for some hours. The area does not need to be illuminated, the prototype has this feature. 
If the charging solution is to be implemented at home charging the size of it has to be smaller. At 
the same time it competes with a regular wall socket. Future user tests have to evaluate if the 
feature of the prototype overcomes the simplicity of the wall socket. The test should be a long 
term test. It’s not hard to use a loose cable for some days. The advantages of the prototype will 
be in everyday use.   

7.2 Conclusions 
The concept has been changed based on insights reached from different evaluations. Despite 
these changes towards a more producible product the functionalities of the previous concept have 
been kept. The result is a more finished product with lower manufacturing costs and reasonable 
configuration. 
The user-friendliness of the concept has been kept. The prototype enables usage without getting 
soiled and the illumination helps when it’s dark. 
The bend that was planned to be used in the concept was eliminated because of too much 
uncertainty of the end result. This has shown that this would be an unsuitable method of 
manufacturing. 

There have been problems with delays in manufacturing throughout the project. Some of these 
could have been avoided. The project plan was optimistic and was exceeded slightly. 

The result of the mark-up costing implies a cost for producing and installing the product of 
something between 20’000 and 30’000 SEK. Negotiating prices for purchased components 
seems to be essential to the final cost. 
The produced prototype or a manufactured series of prototypes could be used to evaluate the 
concept. At the demonstration the intended functionality worked as expected. Some test under 
tougher conditions could evaluate the functionality further and make a base for changes. 

The product also includes some innovating features which today is unaccounted for on the 
market. 
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8  RECOMMENDATIONS AND FUTURE WORK 
In this chapter, recommendations on more detailed solutions and/or future work in this field are 
presented.  

 
 

8.1 Recommendations 
It’s recommended to manufacture a small test series to evaluate the NEW concept. This could 
give further inputs on usage as well as manufacturing costs on larger series. It could also verify 
that the concept requirements have been fulfilled. 

The continuation of the process may be performed by either an external company, master thesis 
students or through consulting. 

8.2 Future work 
The next step after evaluating the NEW concept is to confirm successful features. Once this 
features have been concretised a decision whether to proceed with commercial production, to 
iterate the concept or to gather what has been learned throughout the projects and develop a new 
concept. 
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APPENDIX A: VISUAL PROTOTYPE 
To proceed towards production of the technical prototype a visual the prototype where made in a 
CAD-software. The visual prototype represents the design for the technical prototype. To get a 
more clear view of how it would fit in an actual environment, a picture was rendered with a 
suitable environment, see Figure 1. 

 
Figure 1. Visual prototype rendered in a setting. 

This lead to a process where details of the design had to be decided. The modularization of the 
aluminium pole, as well as the profile could be developed as the cable carrier and supporting cart 
were decided. Other details as joints and end-plugs for the profiles were also developed. This led 
to that the fitting of different components as well as the overall design could be tested. In the 
CAD-software the developed visual prototype consisted of several parts, see Figure 2. 

 
Figure 2. Components in the visual prototype. 
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To present the visual prototype several pictures were rendered to illustrate different colour 
choices and lengths as well as the overall design, see Figure 3. 

 

 
Figure 3. Rendered pictures of the concept. 
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APPENDIX B: CABLE ELONGATION 
To ensure that the cable won’t extend too much over time and then get in contact with the 
ground the elongation of the cable is investigated. A test cable is hung with the planned length 
and plug, see Figure 1.  

 
Figure 1 Cable elongation test. 

The length is then measured over a period of two weeks with the cable hanging free. As the 
pictures below shows, see Figure 2. The elongation is significant for the first days but stagnated 
after that. The elongation was approximately 20% in this test. 

 
Figure 2. Documented elongation test for two weeks. 

However there are a lot of factors that might influence the actual elongation not considered in 
this test such as heat, weight of plug, moisture, heat while charging and effects by UV-light. The 
test was performed in an office environment which means that these factors will vary depending 
on the weather in a real scenario. 

Also the cable is not meant to hang free like in the test. The cable is to be rested in a hatch in the 
aluminium pole. Much of the elongation of the cable might be during charging when the cable is 
extended to the vehicle inlet and the heat from the charging current. 
The purpose of the test was to ensure that that the cable wouldn’t extend to the ground if it was 
left hanging. Later tests with the finished prototype can be used to investigate these concerns 
more accurately. 
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APPENDIX C: EVALUATION OF FRICTION 
To evaluate the angle necessary for the cable carrier to slide some simple tests are conducted. 
Different samples of aluminium were used to get a span of the difference in friction. The 
necessary angle could easily be determined from the geometry as illustrated in Figure 1. 

 
Figure 1. Geometry to calculate sliding angle. 

The experiment imitates the actual intended design as much as possible, with a spiral cable 
suspended and a cable carrier implemented, see Figure 2. The aluminium plate is then tilted until 
the cable carrier stated sliding and a height when the sliding started could be measured. With 
basic geometry the angle could then be calculated. 

 
Figure 2. Friction test. 

The tests are performed four times with each sample and the average height before the cable 
carrier started sliding is calculated. As Table 1 shows, the angle before sliding varied between 
20-30 degrees. 

Table 1. Friction angle. 

Sample Average Height, X [mm] Angle [°] 

1 Extruded Aluminium 230 28 

2 Anodized Aluminium 190 24 

3 Unknown Treatment 180 22 

 
This was a larger angle than the angle of approximately 10° intended in the construction. It 
means that some other way to decrease the friction between the cable carrier and the aluminium 
is needed. Some examples of solutions for this are teflon coating on the aluminium or a cable 
carrier equipped with wheels or sliding surfaces. 
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Some observations from the experiment indicated that the pressure between the surfaces was 
highest at the end of the cable carrier where the charging cable and plug is suspended. Therefore 
the main part of the friction was located there. Another observation was that the sharp edge of 
the samples caused increased friction. This friction might not be affecting the intended design, 
but will in any case also be decreased with a cart at the end of the cable carrier or some grinding 
of the edges. 
The conclusion of the experiment was that less friction of the solution would be necessary. 

Reducing friction 

Since the evaluation of friction revealed a need of reducing the friction the use of a cart at the 
end of the cable carrier was investigated to decrease the friction. The cart was developed to 
enable the friction to be reduced with four wheels with ball bearings running along a track at the 
bottom of the profile. Parts are manufactured and assembled in the workshop in Älvkarleby to 
perform a more detailed test of this new design, see Figure 3. 

 
Figure 3. Cable carrier and cart. 

A new test similar the first is performed to evaluate which angle the cable would slide on its 
own. In this test the distance between the measured differences in height was 500mm and two 
different resting positions were investigated, see Figure 4. 

 
Figure 4. New angle test. 
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The sliding speed is estimated as initial, slow or fast for different height differences and from 
these the angle could be calculated, see table 2. With this new design an angle of 5° was enough 
which was considered as a suitable angle. This is compared with the estimated angle of 10° 
which was attended. 

Table 2. Friction angle with changes. 

Starting position Sliding at Height [mm] Angle [°] 
 Initial Slow Fast  

1 6 18 25 2 – 3 

2 24 34 43 3 – 5 
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APPENDIX D: PROTOTYPE REQUIREMENTS 
To determine the requirements of the prototype it’s important to define the purpose. Together 
with the supervisors at Vattenfall the purposes of the prototype are: 
• To use the prototype in order to evaluate the concept 

• To be able to use the prototype internally in Vattenfall as well as externally to inspire a 
discussion about the concept and other charging solutions. 

• To get practical insight in the production of a charging station that might be applied if the 
concept would be developed towards production. 

This means that the prototype must work as a real product and be able to charge an electric 
vehicle. It also means that a similar design of the prototype is commercially manufactured to be 
used in order to get as much practical insight as possible. Similar to an α-prototype. The 
prototype however also has a purpose to inspire, which leads to the importance of appearance. If 
the prototype is displayed internally and externally, it’s important that it has some level of finish 
and emphasizes the potential of the concept. 

This is two separate demands, one is the technical level of detail and the other is the visual level 
of representation. Since it’s important to fit within the project budget the first priority is to fulfil 
the technical demands. The visual finish will come in second hand.  
The conclusion of the different demands is a requirement specification list of the prototype: 

• The prototype must be able to charge an electric vehicle with a type 2 charging inlet. 
• The prototype must have all the functionality of the concept. 

• The prototype must be designed in a similar way as a potential commercial product in 
sense of materials, functionality, components, size, production and assembly. 

• The prototype must fit within the set project budget. 
• The prototype must have a level of finish which enables it to illustrate the potential of the 

concept and inspire. 
• The prototype must fit within Vattenfall’s graphical profile and be represent for the 

company. 
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APPENDIX E: PROJECT PLAN 
The project is divided into three phases: 

1. Preparations before manufacturing begin. The concept is then assessed and improved and 
contacts with manufacturers and suppliers will be established.  

2. Manufacturing of the prototype. First a visual prototype will be built. A CAD-model is 
used to manufacture the technical prototype.  

3. Final phase is the closing of the project. The project will be concluded and the prototype 
demonstrated. At the end of this phase a report about the project will be submitted to 
KTH and Vattenfall. 

 
Detailed schedule 

A detailed plan of what to do weekly is handled internally during the project. This plan states 
which matters each week will treat, and gives a direct feedback if something haven’t been dealt 
with yet. 
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 Milestone plan 
The milestone plan states the goals to achieve and when to deliver during the three phases of the 
project. 

  

 Project budget 
The budget is for a master thesis performed at Vattenfall. It covers some salary for supervisors at 
Vattenfall for tutoring and administration, office with workspaces at Råcksta, as well as some 
contribution for traveling costs that is necessary for the project. 

A gratification will be given to the students based on achieved goals. It will be received when all 
the deliverables of the project is completed. The gratification spans over three steps 40 000, 50 
000 and 60 000 SEK. If the result of the master thesis is under expectation the lowest amount 
will be received. If the result reflects expectation the middle amount or the highest amount if the 
result exceeds the expectations. The result will be assessed according to these four different 
categories: 

• Quality of the work performed 
• Organization of the work 

• Technical level of the work 
• Usefulness of the results within Vattenfall 

Nr Milestone Delivery Type Date 

1 Project Start Start - 2012-01-16 

2 Project Plan Finished D1 Report 
Specification 

2012-02-03 

3 Prototype Design 
Determined 

D2 Visual 
Documentation 

2012-02-24 

4 CAD-Model complete D3 Visual Prototype 2012-03-16 

5 Manufacturing 
preparations ready 

D4 Manufacturing Plan 
and Documents, 
estimated Budget 
for Prototype 

2012-03-30 

6 Prototype Assembled D5 Physical 
(Technical) 
Prototype 

2012-05-11 

7 Product Costing D6 Product Costing 
Report 

2012-05-11 

8 Demo and Evaluation 
of Prototype 

D7 Demo 2012-06-08 

9 Report Hand-In D8 Project Report 2012-06-13 

10 Presentation of Master 
Thesis 

D9 Presentation 2012-06-13 
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Prototype budget 

Apart from the project budget an individual budget is reserved for the manufacturing of the 
technical prototype. When selecting components an accepted cost for the individual components 
are set up to fit within the fixed budget. Costs of purchased components are documented and 
compared to the budget to receive direct feedback if the manufacturing is following the budget 
plan. 

 Project risk management 
Description Risk Probability Impact Action to Prevent 

Project Plan to ambitious Medium Medium Project 
can’t 
follow the 
Plan 

Detect Problems early in 
the Project, Implement 
some Time for Delays 

Can’t find suiting 
components 

High Medium Delay, 
changing 
Design 

Implement search for 
Components in designing 
phase 

Failure to find 
Manufacturer 

High Low Delay until 
solution 
found 

Start searching from the 
beginning, early first 
contact 

Parts for Prototype isn’t 
delivered in Time 

Medium Medium Delay Contact in advance, 
order with Time to spare 

Prototype exceeds 
Budget 

High Medium Delay, 
simplify 
Prototype 

Always record pricing 
Information, pay 
attention to the Budget 

Insufficient Know-How 
on Product Costing 

Medium Medium Poor Result Learn about the Method 
early, ask for Help with 
Difficulties 

Misinterpretations in the 
Communication with 
Manufactures 

Medium Medium Delay, 
Parts need 
changing 

Be clear with the 
Communication, use 
visual Aid 

Some wrong 
Measurements or 
Tolerances in the 
Prototype 

Medium Medium Delay, 
Parts need 
adjusting 

Control Measurements 
before sending 

Prototype is to advance 
to fit in the Time-
Schedule 

Medium Medium Project 
can’t 
follow the 
Plan 

Use the Project Plan for 
Feedback, simplify if 
needed 

One of the Student can’t 
finish the Work 

High Low Delay, 
Reworking 
the Project-
Specificati
on 

Teambuilding to build 
Responsibility toward 
each other  
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Risk monitoring and control 

The risks is monitored and controlled during counselling sessions with the supervisors. They are 
also controlled weekly when the project progress is analysed according to the time plan. The 
risks will then be documented in an on-going progress report. 
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APPENDIX F: OLD CONCEPT REQUIREMENT LIST 
Must have: 

• The cable assembly has the features for charging with single-phase connection.  

• The cable assembly is user-friendly.  
• The cable assembly is possible to use in the dark.  

• The solution could be designed in such a way that a correct usage is obvious and  
self-explanatory.  

• The connector has a function which prevents it to be connected in an incorrect way.  
• A charging solution is available in the car.  

• The cable assembly has its own storage. The cable assembly is organized in its storage, 
not tangled.  

• The connector can be inserted and removed by the user with one hand.  
• The cable assembly verifies that it is properly connected and charging.  
• The cable solution can be connected, disconnected and assembled without the user 

becoming dirty.  

Should have:  

• Detachable cable assembly weighs less than 2kg with a cable length between 2-10m.  

• Less than 10 seconds to connect and 15 seconds to disconnect.  
• The cable solution has its own storage space in the car.  

• The connector has a function to prevent it from freezing stuck in the vehicle inlet.  
• The cable assembly can't be removed during charging by any other than the user.  

Could have:  
• The connector is inserted/removed in the vehicle inlet by the user without the removal of 

gloves.  
• The plug provides a function to locate the socket inlet.  

• The cable assembly informs the user of the charging condition.  

Constrains:  

• The cable assembly fulfils Swedish legal requirements.  

• The cable and the plugs will withstand to be run over by a car.  
• The cable assembly maintains its functions within the temperature interval, without effect 

on the electrical safety.  
• The connector provides a function that breaks the power before the user is able to pull it 

out from the vehicle inlet.  
• The cable assembly must follow the standards adapted by the automobile industry. 
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APPENDIX G: ALUMINIUM PROFILE INVESTIGATION 

 Bending 

According to Mikael Ekbring, constructor at ProfilGruppen, the smallest bending radius R1 
depends on the equation: 

10021 ×>
A
RR

 
where A is elongation of the current alloy and condition and R2 is the height of the cross-section. 
The bending radius of cross-section 1 in Figure 1 is 1200mm. It’s considerably larger than the 
desired radius of about 300-500mm as seen in Figure 1. 

 
Figure 1. Desired bending radius. 

Cross-section to minimize the bending radius 
To achieve a smaller radius the cross-section can be reconstructed. The problem is the height of 
the custom extruded profile, not the standard U-profile. To use different profiles demands two 
different extrusion tools and it’ll not fit within the project budget. One alternative is to design the 
back and front profile with the same height to minimize the bending radius. A way to perform 
this is shown in cross-section 2, Figure 2. The two profiles in the back and front are the same, 
meaning they are extruded using the same tool. 

Figure 2. Cross-section 2 and bending radius 708 mm. 
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Combined bending method 

Another way to solve the problem with the bending radius is to use a combined bending method. 
As illustrated in Figure 3 a cut out enables the profiles to be bent even more. It’s not cut all the 
way thru, instead the one side of the back profile is left intact. This will retain the most 
significant part in the view of construction strength. The cut out can then be welded together. 

 
Figure 3. Combined bending method. 
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APPENDIX H: COMPONENTS 

Prototype components 
Vehicle plug hanger 

The design of the hanger fits the vehicle plug and is manufactured using 5mm thick aluminium 
sheet and water-cut at KTH. Bending of the hanger is performed at Älvkarleby workshop. 

Cable cart 
The cable cart is manufactured at the workshop in Älvkarleby before the friction test, see Figure 
1. Standard parts are purchased and the cable relief is sponsored by Miltronic. 

 
Figure 1. Cable cart. 

End plugs and Hatch 

The end plugs for the aluminium profile and the hatch are manufactured using rapid prototyping, 
see Figure 2. Quotes for manufacturing these parts were requested from several rapid 
prototyping companies. They were decided to be manufacture at KTH using a 3D printer only 
having to pay the material cost. The printer’s building material is white ABS plastic. The printed 
plugs have to be spray-painted. 

 
Figure 2. End plugs and hatch. 
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Cable components 
Cable carrier 

A cable carrier of the model Basic-Line Uniflex 0250 was chosen and sponsored by Miltronic 
AB.  

Vehicle plug and cable 
Vehicle plug and cable was also sponsored by Miltronic. A vehicle plug of type 2 was chosen 
and ordered. The cable specifications were: 
• 3 conductors 2,5 mm2 

• 2 pilot 0,5 mm2 
• -30 grader Celsius (PUR) 

• Orange colour 
• Resistant to oil, snow etc. 

• Suitable for cable carrier, bending radius 70mm 
Dimensions (mm) and shape are illustrated in Figure 3: 

 
Figure 3. Charging cable, not in scale. 

Cable strain relief 

One cable relief mounted to a C-profile DIN-rail was used in the cable cart solution. Another 
cable relief were used for cables supplying the charging solution with power. These were also 
sponsored by Miltronic. One more cable relief were manufactured at the workshop in Älvkarleby 
to protect cables attached to the DIN-components from strain.  
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Purchased components 
Illumination 

For the illumination a LED-stripe was used. It had a power of 14.4 W per meter and was sealed 
with silicone coating. LEDGiganten was chosen as supplier. 

DIN-components 
DIN-components to control the Prototype included a mode 3 controller and other supporting 
DIN-components already purchased by Vattenfall. Roberth Hamrén and Kristinn Sigmundsson 
were consulted with the selection and wiring of these. 

DIN rail 

The European standard EN 60715 explains the standardized mounting on rails for mechanical 
support of electrical devices in switchgear and control gear installations. The DIN rail is widely 
spread metal rail used for mounting electrical components. It’s usually made from cold rolled 
carbon steel sheets with a zinc-plated finish. The Swedish standard is included in the European 
standard EN 60715. 
Currently there are three major types of the rail. The top hat rail that was used in the existing 
Wallbox was chosen because of that electrical components were to be reused from the previous 
prototype. This rail was 35.3 mm wide and had a height of 7.1 mm, all according to the EN 
60715 standard. 

Movement detector 

A movement detector was purchased from elbutik.se. The model is IQ-group E-807N, see Figure 
4. 

 
Figure 4. Motion sensor. 
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APPENDIX I: CONCRETIZED CONCEPT 
The previous concept was developed further in the design process towards a technical prototype. 
As shown in Figure 5 the arm is angled. This feature was to automatically pull the arm back to 
its resting place after charging. The box in the figure indicates the bearing. It was considered to 
be the most expensive and difficult part to develop and manufacture. It had to withstand high 
stress and torque, this meant that it might require an innovative solution. A spherical bearing was 
considered, which would defer to the torque. This would require an additional feature not 
allowing the arm to drop. 

 
Figure 5. Early sketch of the prototype. 

A considered feature is illustrated in Figure 6. The weight of the arm and applied external forces 
would result in a bending torque at the bearing. To counteract the torque a wheel would be 
mounted on the arm and is illustrated as an ellipse. To the left the box refers to a feature which 
would prevent any counter-torque. 

 
Figure 6. Bearing with wheel and box. 

The wheel and the box which would deal with the bending torque are illustrated from above in 
Figure 7. They follow a circular track when the arm is extended.  
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Figure 7. Bearing, wheel and box seen from above. 

There had to be a feature that locks the arm when charging and when it’s in its original position. 
Otherwise the wind could force the arm into motion. A wheel rolling between the arm and the 
fixed construction mounted on pretension springs was planned to solve this. This would mean 
that if the cable is pulled down, the wheel will be pushed in and the brake (square in Figure 7) 
will no longer be in contact with the surface. If the pulling force is released the pretension spring 
would force the brake in contact again. It would mean that when the cable is pulled the joint is 
rotating freely and when it’s not it would brake.  

This solution to lock the rotation demands the arm to be pulled down to move freely. Because 
the arm is mounted high above the ground it is impossible to move it without pulling it down at 
the same time. Because a spherical bearing is used it allows a few degrees of angulations. 
Furthermore, this flex will decrease the risks of fatigue.  

When the charging station would be waiting to be used the connector was to be resting in some 
kind of hanger. This would ease the usability compared with the original idea, where the plug 
was connected too firmly in the inlet, as tests using the prototype built during the previous 
project revealed. 


