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Abstract 
The aim of this project was to find and develop and innovative foldable pedelec 
by focusing on the user and using industrial design methodology. 
 
Industrial design methods used include user research, market analysis, 
consideration of context of use, ideation sketching, prototyping and creation of 
design concepts. From the information that was gathered during the research 
phase many potential concepts were created and considered. Anthropometric data 
and literature of bicycle riding positions were considered during the product 
development of the foldable pedelec.  
 
The final concept presented in this report is a new design that focuses on the ease 
of use and comfort of the rider as well as the practicality and space efficiency of 
the product. 
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1 Introduction 
Personal transport is regarded as one of the biggest threats to the global climate. 
However with constant increasing of fuel prices many of the drivers are forced to 
change their means of transport. In fact, the majority of all car journeys are 
shorter than seven kilometres1. This makes the electric bikes the ideal alternative 
for shorter journeys and to help people connect with and between public 
transports. 
 
In addition to being practical it’s also fun and keeps you fit. It also means that 
senior citizens are able to make their everyday journeys a bit easier and improving 
their opportunities to enjoy their leisure. 
With the use of the pedelec the topographical height differences become much 
easier to handle. Last but not least, running and maintenance cost are much lower 
compared to any other form of transport. 
 
This project was completed as a part of a design study in Product Development 
and Industrial Design at Jönköping University, in cooperation with Fura d.o.o - a 
Slovenian company that provides pedelecs and charging stations for their 
batteries. Over the last few years there has been a growing trend in pedelecs but 
no manufacturer has done any effort in terms of aesthetics and proper design of a 
pedelec. It is possible to see many opportunities in the growing market of pedelecs 
as well as foldable design. The idea is that by combining both, the user is provided 
with a pedelec that is convenient to transport and store in various places such as 
office, public transport, car etc. 

 

1.1 Background 
Ever since the invention of the bicycle, people were able to, for the first time, 
experience means of faster transport. Apart from initial variations in shape and 
size, the bicycle has remained in its primary functional shape for over hundreds of 
years. This can be perceived as an indication that it had and still does have a big 
impact on transportation today. The bicycle served later as a platform to develop 
other means of transportation such as the motorbike. So equipping the bicycle 
with drive systems is nothing new be it based on fossil fuels or electricity. 
However due to the current eco trend and people growing more environmentally 
conscious, the combination of bicycle and emission free electricity seems like a 
good idea if not even necessary. The result of this combination is the ability to 
travel longer distances with less effort while giving the possibility to older and 
weaker people to experience the same pleasure of driving the bicycle as the 
average person. This then combines best of both worlds; convenient and healthy 
way to travel without damaging the environment. My objective with this design 
study was to attempt to develop an innovative foldable pedelec using design 
methods, focusing on research and prototyping. This design study documents the 
methods used and the product development process. 
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1.2 Objectives 
This project work has been undertaken to identify areas of possible improvement 
within the area of foldable pedelecs, by finding and focusing on a relatively 
untapped opportunity in the market. The aim is to develop an innovative concept 
by using industrial design methodology with the main focus on improving the 
design of foldable pedelecs as well as improving the short distance commuting 
lifestyle in regards to the environment as well as the user. 

 

 

1.3 Delimitations 
Typically, the full development of a brand new foldable pedelec can span several 
months. The majority of the product development process for this project was 
completed within 15 weeks, meaning that the end result is intended as a concept 
to illustrate a possible direction for the new product, as opposed to a product 
ready for the market release. 
 
There are no guidelines that are commonly agreed upon for ideal riding posture 
that must be followed. However, it was fundamental to search and use the best 
information possible as to prevent pain and discomfort to the rider. 
 
The foldable pedelec developed during this project is using the same engine as 
other Fura’s pedelecs. The battery planned for this foldable pedelec is still in 
development and has of current only shape restrictions, meaning it cannot bend 
or curve on sudden angle. 
 
The design and the report itself do not include any technical specifications since 
the project was done to evaluate the possible design direction of the foldable 
pedelec as a concept. If intended for production the product must be tested and 
evaluated by structural engineers for integrity and strength. 
 
Lights, pedals, brake handles and other bike components that can be bought as 
aftermarket products will not be redesigned but considered in such way that they 
would aesthetically and functionally fit with the final product. 

 
 
 
 
 
 
_______________ 
1Svensk Cykling, viewed 2nd February 2013, 
  www.svenskcykling.se/category/trender 

http://www.svenskcykling.se/category/trender
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1.4 Disposition 
 
Section 1 introduces the background, objectives and delimitations of the project.  
 
Section 2 describes a brief overview of the design process, why industrial design is 
used, various sitting positions, ergonomic of riding, existing design guidelines and 
form language.  
 
Section 3 describes the various design methods used such as functional analyse, 
mood board, user analysis, trend analysis, competitive product survey, 
anthropometric analysis, sketching and modelling.  
 
Section 4 describes the implementation of methods and findings during the design 
process and the decisions that were taken as a result of these findings. It describes 
the phases of the design process; discover, define, develop and deliver.  
 
Section 5 describes the result – a new pedelec concept that targets the 
opportunities discovered during the research and development process. The 
benefits and features of the final concept are described.  
 
Section 6 summarizes how the result has met the objectives, and reflection over 
the work completed in this project.  
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2 Theoretical Background 
Aspect of industrial design used and mentioned in this report are described briefly 
in this section. 
 

2.1 Double Diamond Design Process 
The Design Council UK has released a model where the design process can be 
divided into four phases: discover, define, develop and deliver. They are 
describing divergent and convergent stages of developing a design. 

 
Figure 1 Design Councils UK's double diamond design process2 

 

2.2 Development process of a product 
The method of approaching a design varies with every designer. In general, the 
development of a product is unique and based on view, opinion and experience. It 
is quite common in product development that one has to make decisions with 
incomplete information since it is often that the product being currently 
developed is very different from what already exists on the market. As such it has 
its own unique solutions to its problems. By later choosing a few to make simple 
prototypes or computer models, they can be further evaluated. In this process new 
information is discovered which was not previously possible by only looking at the 
sketches on paper. 
 
 
_______________ 
2 Design Council UK 2005, ‘The double diamond’ design process model, viewed 2nd February 2013, 
http://www.designcouncil.org.uk/about-design/how-designers-work/the-design-process/ 
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2.3 Design thinking 
Design thinking is a methodology for practical and creative solution of problems 
or issues that looks for an improved future result. In this regard it is a form of 
solution-based or solution-focused thinking that starts with the goal or what is 
meant to be achieved instead of starting with a certain problem. By focusing on 
the present and the future, the parameters of the problem and the solutions are 
explored simultaneously. This type of thinking most often happens in the built 
environment also referred to as the artificial environment. This differs from the 
scientific method, which starts with defining all the parameters of the problem in 
order to define the solution. Rather, the design way of problem solving starts with 
a solution in order to start to define enough of the parameters to optimize the 
path to the goal. The solution, then, is actually the starting point. 
 

2.4 The design development 
It could be argued that humans have always been involved in design from creation 
of spears and knives in the Stone Age to today when the process is more 
perfected and faster. However, according to Vihma (2005) it is not until the late 
17th century when the modern design starts to take form. Previously, it was 
mainly artistically handmade products designed for the selected few that 
dominated. Design methods and skills were passed down from master to student 
of s special craft. Later on when the industrial revolution hit Europe the industrial 
manufactured products started taking over. Design as a discipline emerged in 
connection with the result of division of the industrial production and product 
development. Designing different products have throughout history had different 
focus, in the early craft to a direct customer, adapted to be produced in factories, a 
decorative and ornamental nature, a focus on different functions, merged with art 
and user friendly design.  
 
 

2.5 Semantics 
A product does not look the same in everyone’s eyes. Different people from 
different cultures perceive different things in a product. And in the end it is the 
customer that decides if the interaction is acceptable or not. When it comes to 
product development some important parts are usually missing due to the lack of 
resources and knowledge. There is not only form and function that matters when 
it comes to product development. All products speak a special language that 
makes it possible for us as consumers to use the product; the language is called 
semantics. By using a tailor made method with special developed tools, significant 
data regarding the interaction are received. By bringing together the data regarding 
the semantics in a product a higher level of interaction is possible. The consumer’s 
thoughts about the form, surface appearance and colour are estimated in a parallel 
evaluation model towards a company’s specially selected core values to receive a 
higher level of interaction later on in the design process. 
  



Theoretical Background 

9 

2.6 Concept definition 
A design concept is something that describes an idea for a design and is as such 
used to demonstrate a possible product for the near or distant future. It is not 
necessarily fully finished or directly ready for production. 

 

2.7 Context of use 
Before designing a product it is important to understand the context is which it 
will be used. This then defines the problem which is to be solved with the 
product. This also includes use of existing products and testing prototypes. 

 

2.8 Marketing 
 

2.8.1 Benefits of a pedelec 

There are many reasons that point towards pedelecs in general being more 
popular in the future. From the municipal point of view the most important is 
space efficiency in parking. Pedelecs need just as little parking space as any bike, 
but because of their ease of use they have the potential to convince car drivers to 
move to cycling. This creates space for more greenery and play areas in town 
centres. 
Compared to public transport or cars, pedelecs are in general considerably more 
affordable. Costs of a pedelec, including depreciation of purchase cost, 
maintenance and wear is much smaller compared to a car.  
Pedelecs do not produce any CO2, are silent and emit zero particulate matter. This 
makes them extremely environmentally friendly. This then, shows that they are at 
least as good as cars for satisfying most everyday mobility requirements, just 
cheaper, cleaner and healthier.  
 

2.8.2 Potential markets 

Although many people consider bicycles in general as a limited form of transport 
the reality is quite the opposite. With the support of the electric motor many new 
possibilities have been found and the area of pedelec use has even grown.  
 
One of such was the possibility of transport of a larger number of children (see 
Figure 2). With the help of the electric motor the rider doesn’t need to put so 
much effort into moving the vehicle. 
 
Some companies also see the potential of the pedelec in strengthening their brand 
name in terms of eco friendliness. For example Vrachfiets (see Figure 3) - a load 
carrying pedelec that is lent out by IKEA stores in the Netherlands to customers 
so they can transport their new furniture home. 
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Figure 2 Kindergarten pedelec3 

 
 

 
Figure 3 Load carrying pedelec4 

 
_______________ 
3 Kindergarten pedelec, viewed 10th February 2013, 
http://extraenergy.org/main.php?language=en&id=30889 
4 Load carrying pedelec, viewed 11th February 2013, 
http://vrachtfiets.nl/  
5 Fleet bikes, viewed 11th February 2013, 
http://www.bicyclechica.com/2012/08/14/bicycles-at-work/ 
6 Rent pedelecs, viewed 12th February 2013, 
http://www.amazon.com/wiki/Electric_bicycle 

http://extraenergy.org/main.php?language=en&id=30889
http://vrachtfiets.nl/
http://www.bicyclechica.com/2012/08/14/bicycles-at-work/
http://www.amazon.com/wiki/Electric_bicycle


Theoretical Background 

11 

 
Figure 4 Fleet bikes5 

 
Some jobs i.e. postal and food deliveries, curriers etc. require manoeuvrability, 
quiet use and low maintenance. These bikes are called Fleet bikes and are used in 
large quantities. Using a pedelec in this area of work would ensure the workers an 
easier job and faster and more productive operations. 
 
 
To promote personal public transport some companies such as DB (Deutsche 
Bahn) give their commuters the opportunity to rent pedelecs. This gives the 
commuters better connection possibilities as well as wider range of travel.  
 

 
Figure 5 Rent pedelecs6 



Theoretical Background 

12 

Taking the previous idea even further is the foldable pedelec. Essentially it is a 
bicycle that folds into a convenient size for transport or storage and is equipped 
with an electric motor. This is still a relatively new market which means they are 
available only for private use. However there are possibilities of renting as well as 
financing from the company for their employees.  
 
 

 
Figure 6 BMW Foldable Electric Bicycle7 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
_______________ 
7 BMW Foldable Electric Bicycle, viewed 10th February 2013, 
http://timesnewgeek.blogspot.se/2012/06/cool-stuff-bmw-i-pedelec-foldable.html 

http://timesnewgeek.blogspot.se/2012/06/cool-stuff-bmw-i-pedelec-foldable.html
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2.8.3 Sales and market development 

Due to high fuel prices, car insurance, maintenance etc. a lot of people seriously 
consider using pedelecs as an alternative. This results in better build quality and 
higher prices of the products offered on the market. 
 
 

 
Figure 7 Market development of pedelecs and e-bikes in Europe8 

 
 
Because pedelecs do not have to be registered and because they are also often 
imported into Europe under various different customs codes, nobody can say 
exactly what the true figures are. But it is still clear that it is already very many, and 
it is ever increasing. A market report in the trade magazine Bike Europe stated that 
for 2010, sales of electric bikes in Europe had exceeded the one million mark. For 
2015, 3 million are expected8.  
 
 

 
Figure 8 Expected growth in Germany to 20188 
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Especially in the developed markets, a change in the consumer behaviour can be 
seen as the average prices of the bicycle are increasing. This can presumably be 
traced back to the trend towards pedelecs, even though these appear only in the 
latest statistics - and even then, they are often not detailed separately8. 
 
The consumers today also have more experience and place higher expectations on 
the product and are consequently ready to pay more for it (see Figure 9). This 
means that there are hardly any more “cheap bikes” on the developed markets and 
higher asking prices are accepted by the buyers. 
 
 
 

 
Figure 9 The average price buyers are willing to pay for a new pedelec9 

 
 
 
 
 
 
 
 
 
 
_______________ 
8 ExtraEnergy, viewed 14th February 2013, 
http://extraenergy.org/main.php 
9 The pedelec market in Flanders, viewed 14th February 2013, 
https://lirias.kuleuven.be/handle/123456789/198640 

http://extraenergy.org/main.php
https://lirias.kuleuven.be/handle/123456789/198640
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2.9 Ergonomics of biking 
In general, good posture and sitting starts with the proper position of the pelvis 
and rigid support underneath the sit bones. This principle is applied in various 
areas such as furniture design, car seat design as well as bicycle saddles.  
 
By further following the ergonomic guidelines, Helander (2006), and 
anthropomorphic data it is possible to achieve correct positioning of the hands, 
feet and entire body to avoid injuries in: neck, shoulders, back, hand and wrist, 
groin, pubic area, buttock, hip, knee, foot and ankle. Depending on the 
environment in which the bicycle will be used and how advanced you are the 
ergonomic parameters will vary. 
 
The ergonomics aspects of biking can be divided into two main groups; sitting 
and hand ergonomic. 
 
 
 

2.9.1 Sitting ergonomics 

 

2.9.1.1 Various sitting positions 

It is important to define the sitting positions. There are only a few in relation to 
the shape and the inclination of the back.  
 

 
Figure 10 Sitting positions 

 
The racing position implies on a rounded back. The curved back, usually, does not 
cause problems to the racing bike rider due to his well-trained muscles. In essence 
he is flying over the bicycle with little contact with the seat and the handlebar. 
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The all-purpose/round traveling bike is only defined by the inclination of the 
back, meaning there is no special bike that would fit this position. This means that 
every bicycle that fits to your body dimensions could give you this driving 
position. 
 
When the bicycle was first introduced in the 19th century horseback riding was 
taken as an origin to the bicycle riding. Like on a horse, the Old-Dutch position 
requires you to sit straight with your hands deep and near your body. This 
position enables the spine to keep its usual double S shape as well as forcing only 
your back and core muscles to hold the upper body in a vertical position.  
 
City bike position is similar to the Old-Dutch position where the body uses the 
back and core muscles to support the upper body in a vertical position and using 
stretched out hands as support. Although comfortable at first it does not take long 
for the rider to have his back muscles relaxed which causes the rider to have a 
curved position when riding and in long term pain in the neck and back. 
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2.9.1.2 Saddle height 

Another important feature when riding is the saddle height. A good position is 
when in the deepest position the leg is almost stretched and the heel is always 
lifted a little so that the Achilles tendon cannot be overstretched and cause injury. 
A good indication of the seat being too high is if the pelvis is moving sideways. 

 
Figure 11 Correct saddle height 

 

2.9.1.3 Horizontal position of the saddle in comparison to the bottom 
bracket 

The perpendicular line from the knee has to be pointed at the middle of the pedal, 
when the crank and pedal are in front and horizontal position. This ensures that 
the point of gravity of your body is in front of the bottom bracket and the whole 
power and force is focused on the front of the pedal. Moving the seat backwards 
puts the body’s point of gravity behind the bottom bracket, meaning that the 
power is focused on the back of the pedal. This results in using more power to 
move the bicycle.  
 
  

Figure 12 Sitting in regards to the point of gravity 
correctly (left) and wrong (right) 
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2.9.1.4 Crank length 

Until recently the bicycle manufacturers produced only standard sizes of cranks; 
165mm, 170mm and 175mm and other, special sizes were offered by smaller and 
expensive companies. The standard crank size of 170mm or 175mm will fit people 
with height between 170cm and 190cm. Although this is not of big concern to 
taller people since smaller cranks do not cause injury or pain, it is different for 
shorter people. If shorter people use standard size cranks their legs will be angled 
at more than 90° in the upper position of the pedal. This could cause pain or even 
damage the knees. 
 

2.9.1.5 Foot position 

Tiptoe pedalling gives freedom to the knees. The knee is a complicated joint that 
moves in different directions when open or closed. The only joint that could 
counter such movement is the ankle. If the ankle is fixed the knee is forced in a 
wrong direction and starts to hurt. For this reason it is important not to use the 
heel or even the whole foot for pedalling.  
 

2.9.1.6 Weight distribution 

 

 
Figure 13 Recommended saddle shape depending on the riding position and the 

forces connected to them 
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There are differences in weight distribution depending on the sitting position. And 
each seating position has a recommended saddle to maximize the comfort and 
avoid injuries. 
 
As seen on the above picture the minimum strain is in the racing position. Almost 
all the force is focused on the pedalling meaning that there is not much weight on 
the seat or the handlebar. 
 
The all-purpose position focused less force on pedalling and more weight on the 
seat.  
 
The Old-Dutch and City bike position focus most weight and force on your arms 
and least on pedalling. 
 

2.9.2 Hand ergonomics 

The biggest problem when it comes to the hand ergonomics is the limitation of 
nervus ulnaris, which causes numbness in the fingers. The problem can be found 
in applying too much pressure on the highly sensitive areas of the inner palm and 
the potential positioning of the hand. Ergonomic grips are anatomically optimised 
and provide full contact of the hand and grip. This relieves the pressure on the 
hand and consequently prevents the numb sensation as well as wrist ache. 
 

 
Figure 14 Standard grips and area of pain connected with them (top), and 

ergonomically designed grips (bottom) 
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2.10 Components and technology 
There are no current accepted guidelines on how to design a pedelec apart from 
the existing bicycle dimensions. It consists of a frame (bicycle), electric engine, 
battery and control unit. There are no standards on where to place the engine or 
battery so one finds a lot of different solutions. However, when it comes to engine 
placement it is possible to find three solutions; engine in the back wheel, front 
wheel or in the middle, between the cranks. 
 

2.10.1 Frame materials 

Commonly the frame is taken directly from a bicycle upon which the battery and 
the engine are placed. Some manufactures decide to explicitly show the battery to 
make it even more obvious that it is a pedelec while others tend to hide the battery 
in order to emphasise the sleek design.  
 
Today there is a wide range of materials that are at the manufacturer’s disposal. 
They are chosen based on the style of riding, the environment, price, durability 
etc.  
 
Carbon (high-tensile) steel: Most commonly used material in bike frames.  It is 
strong, long lasting but not light. 
 
Chromalloy (chrome molybdenum) steel: A light and strong composite. When 
it’s butted and shaped to take off excess weight it can deliver a light frame that will 
last through years of hard use. This steel is responsive and offers good flex while 
maintaining its form. Its positive sides are that it is very strong and stiff as well as 
durable and cheap. On the down side it is heavy and prone to rusting. 
 
Aluminium: Since it’s less expensive today it’s widely used on today’s bikes. The 
material stands for light, strong and stiff.  It is also quite inexpensive and 
rustproof. On the down side it has less strength than steel and can break under 
heavy use. Because it is difficult to repair the most common solution is to scrap 
the broken parts. 
 
Titanium: Lighter then steel but just as strong. More expensive then steel and is 
found on high end road or cross country mountain bikes. Flexes well enough 
while maintaining its shape. The positive sides of the material are that it is 
extremely light, strong and rust proof. On the down side it is very expensive and 
very difficult to repair. 
 
Carbon fibre: very light and very tough, but tends to be brittle. The fact that 
metal can bend and regain its shape is what makes it last. That’s why carbon fibre 
bikes are made even stronger then needed. The positive sides are great strength 
and stiffness, very light and is doesn’t rust. On the down side it is expensive and 
prone to brake. 
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Weight: To save weight on the frame design, manufacturers have incorporated all 
sorts of metals and methods. The common practice is that the more you pay for a 
bike the less it weights. 
 
The average weight of a city bike is 15-20 kg and 20-35 kg for a pedelec. The 
higher weight reduces the riding comfort, riding stability and energy efficiency. 
Therefore a high weight pedelec should be avoided.  
 
 

2.10.2 Motor 

The motors used in electric bikes are DC (Direct Current) types that operate with 
a power supply, the battery, which is also a DC power source. Most DC motors 
used in electric bikes are of the brush-less type. Brush-less motors use permanent 
magnets of the Neodymium-Iron-Boron type. The Neodymium magnet, also 
called REM (Rare Earth Magnet), is the most powerful, allowing the motor to be 
lighter and smaller than older designs that used ferrite magnets. 
 

2.10.2.1 Blushless motors 

An important functional issue for motors is that brushes wear out, thus limiting 
the motor’s life. A brushless motor will last much longer with the only limiting 
factor being the life of the bearings. Motors that have fewer parts, such as 
brushless, sensor-less designs are both less expensive to build and have fewer 
failure points. 
 

 
Figure 15 Blushless motor10 

 
_______________ 
10 Innov8tivedesigns, viewed 24th February 2013, 
http://www.innov8tivedesigns.com/ 

http://www.innov8tivedesigns.com/
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2.10.2.2 Hub motors 

 
Hub motors use a space that is not otherwise used by a conventional bicycle 
design – making the addition of a motor easy and elegant. Additionally, the hub 
motor wheel that simply bolts into place in a normal bicycle frame reduces the 
need for engineering or design changes, and fits into the assembly / sourcing 
processes of the normal bicycle industry. However, hub motors, due to their 
confined space and the complexity of adding internal, changeable gears, are less 
efficient than a bottom bracket drive – and cost slightly more. 
 
Manufacturers of hub motors for pedelecs can be found in Europe, Asia and 
North America. Designs of motors for pedelecs will continue to improve to 
increase torque performance and efficiency as well as to reduce size and weight. 
 

2.10.3 Motor placement 

There are a variety of engines on the market. When the engine is placed in one of 
the wheels it is of round shape but can vary in size depending on the output. If 
the engine is placed in the middle, between the cranks, the manufacturers have a 
bit more space to play with which results in different shapes and sizes and 
consequently also the output which can vary from 250-750W and more. 
 
To classify a bicycle as a pedelec it has to have an engine with a maximum effect 
of 250watts which will take the rider to a maximum speed of 25km/h. Above that 
speed the power is cut off and the rider uses his own power to reach higher 
speeds. Unlike an e-bike, a pedelec requires constant pedal assistance in order to 
receive support from the electric engine. 
 

 
Figure 16 Motor in the rear wheel 

 
There is no simple explanation to which is the best place for the motor – front, 
centre or rear of the bike. It is similar as with cars where front, mid and rear 
engines all have their fans. Same can be said for pedelecs, where depending on 
priorities and intend of use the best specific setup is used.  
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When the motor is placed in the rear (see Figure 16) it usually means good 
traction and compatibility. It is possible to use existing bicycle frames and update 
them to a pedelec. On the other hand when the wheel needs to be changed the 
cables must be disconnected. It also puts extra weight at the rear and extra 
unsuspended mass in the wheel. 
 

 
Figure 17 Motor in the middle 

 
With the motor in the centre the rider also gets good traction and the weight of 
the drive is central meaning the pedelec is more balanced. When the tires need to 
be replaced or repaired there is no need to disconnect the cables for the engine 
and command unit. However this also has its negative sides. Because of the 
placement of the motor, a special frame has to be designed that will support at 
mass. Also increased development effort is needed in the cycle design. 
 

 
Figure 18 Motor in the front wheel 

 
Similar to the first setup this one also allows for an easy fitting. It also gives free 
choice of pedal power transmission. The negative sides are the loosing of traction 
when riding uphill and on slippery surfaces. It also presents potential accident risk 
when fitting a powerful motor to the forks that are not dimensioned appropriately 
for this. 
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2.10.4 Battery 

The sealed lead-acid battery (VRLA - Value Regulated Lead Acid) is currently 
dominant battery used in electric bicycles in China where the emphasis is on low 
cost. However, electric bicycles made in China for the export market are mostly 
equipped with Lithium Ion (Li-ion) and in some case Nickel Metal Hydride 
(NiMH) batteries that are both lighter weight and operate up to 2,000 recharge 
cycles. The Nickel-Metal-Hydride (NiMH) battery is also used in China and in 
around half the pedelecs sold in the European Union. Their performance however 
is significantly reduced in cold weather and they need to be fully discharged 
regularly to maximize battery life. 
 
The other half of pedelecs in Europe is equipped with a Li-ion battery. The 
majority of past safety relevant issues with regards to lithium-ion batteries, which 
put a question mark over their suitability for electric bike applications, have been 
for the most part solved. Li-ion batteries have a narrow and defined "window" of 
operation, if the cell or pack deviates outside this operational window, they can 
enter an unstable operational condition. Hence, Li-ion batteries of all types must 
be equipped with the appropriate battery management system (BMS) to maintain 
the cell and/or pack parameters (voltage, current, temperature) within its stability 
window. There are numerous Li-ion cell types on the market to choose from. 
However, this framework will limit commentary to the three most widely used Li-
ion varieties in the pedelec sector. 
 

2.10.4.1 Lithium Ion batteries 

The most common Li-ion cell on the market is the lithium nickel manganese 
cobalt oxide (Li-NMC) with a nominal voltage of 3.6 V per cell. This cell offers a 
good mixture power to energy. Li-NMC cells perform well at low temperatures, 
and generally have a good safety record. The most common all round cell type is 
the 18650 design, which is produced on a scale of hundreds of millions per year, 
at low cost, and at a high manufacturing quality. 
 
The second most commonly produced Li-ion based cell type on the market is the 
cell Lithium-Polymer (Li-Po) type with a nominal voltage of 3.3 to 3.6 V per cell. 
This type can consist of a number of chemistries. This cell type offers significant 
advantages in packing design/form and in high power applications. However, it 
often has the disadvantage of limited availability and high costs due to limited 
production. It can be considered a specialist battery. 
 
The third place contender for the most common Li-ion cell type for electric 
bicycles applications is lithium iron phosphate (LiFePO4 or LFE) with a nominal 
voltage of 3.3 V per cell. This cell type is considered the safest of Li-ion family. It 
exhibits considerable electrical and thermal stability if the cell deviates outside its 
normal operational window. However, at present compared with the Li-NMC and 
Li-polymer cell types, the LFE cells have considerably lower nominal voltage, 
energy densities, and higher production cost. 
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Regardless of the cell type, all Li-ion cells require a minimum level of electronic 
management and charger safety management. The responsibility for the 
implementation of cell/pack electronic safety measures and certification lies with 
the electric bike manufacturer and not the cell manufacturer. 
 
 
 

2.10.4.2 Cost of battery 

Cost is another important element for batteries and that is generally specified as 
€/Wh, the cost in Euros per unit of energy or rated Wh. Lead-acid batteries are 
currently priced around 30 €/kWh, NiMH and Li-ion at around 300 to 600 
€/kWh, a factor of twenty difference. This explains the big price difference 
between electric bikes with lead-acid and those that use NiMH or Li-ion. It is 
expected that the price of Li-ion will decrease as more Li-ion batteries are put into 
production for four-wheel and light electric vehicles. 
 
Manufacturers will use more automation at all levels of materials and cell 
production that will provide high quality, reliable and less costly batteries. A 
replacement battery would cost from two to three times the above mentioned 
prices; that would include battery pack fabrication, distribution and shipping costs. 
Furthermore, it is unlikely that the €/Wh cost of Li-ion batteries will ever come 
on par or fall below the cost of lead acid batteries. This is mainly due to the 
intrinsic design requirements of Li-ion batteries i.e. BMS, cell manufacturing 
complexity, and raw material sourcing etc. These costs are not present or relevant 
for lead acid based systems. The most realistic long-term €/Wh cost target for Li-
ion systems is closer to 200 – 250 €/Wh. 
 
As pedelecs are usually torque sensor controlled, the sophistication of the 
software in the controller is also a factor. Higher voltages allow the motor to 
operate with more torque, and at higher RPM. This leads to more battery cells. 
Hence, there is a trade off in cost versus performance. The higher voltage systems 
require a more costly battery, but deliver significantly better performance. 
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2.10.5 Control unit 

Starting the system generally works without any keys, a simple turn of the pedals 
does the trick. However some systems start with a classic key or a radio key which 
must be held against the display in order to unlock/turn it on.  The power assist 
levels are accessed via buttons on the handlebars. The buttons are also enhanced, 
mostly with LED lights or and LCD display that provides the rider with the 
information on the bikes current status and on how much battery is still at 
disposal. These more “basic” displays are suited mostly for rent bikes to reduce 
the cost and urge of theft. 
 

 
Figure 19 Display8 

 
There is also a possibility of mounting larger displays in the centre of the 
handlebar. In this case the function buttons are placed near the grips to avoid the 
need of the user to let go of the steering while choosing their functions. Currently 
there is a trend toward linking up smartphones with complex apps which would 
replace the classic control unit and take the developments even further. 
 
The control unit controls the torque sensors that are generally fitted to the crank 
set, in the bottom bracket, at the dropouts or on the rear axle. Forces are 
measured by minute deformations of the sensor. By measuring these 
deformations, the motor controller can calculate precise information about the 
muscle power being applied by the rider through the pedals. Only by using a 
torque sensor of this type can a good pedelec be made to ride intuitively8. 
 

 
Figure 20 Torque sensor beside the crankset8 
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2.10.6 Folding 

There are no rules or common guidelines on how to best fold a bicycle. Different 
manufacturers do it differently depending on what they prioritize; small size, 
ability to role, solid feel, etc. This is achieved in different ways depending on the 
actual size of the bicycle as well as the design and technical specification of each 
model. However by looking at what is available on the market, most 
manufacturers decide for the “fold in the middle”. Here the frame is pivoted 180° 
at its geometric centre. This enables the front and rear wheel to meet and align 
which means the length of the folded bicycle is half of the actual size. To further 
decrease the size the seat pole and steering pole are collapsible as well. The first is 
usually lowered telescopically towards the frame to reduce the height while the 
steering pole is either pivoted between the frame or on top of it. It is important to 
mention that the more fold points the bicycle has the more wobbly and unstable it 
becomes. This could be understood by the customer as unreliable, cheap and 
hazardous, which must be avoided in order to have a successful and selling 
product. 
 

 
Figure 21 Folding types 

 

 
Figure 22 Folding types 
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2.11 Safety and regulations 
According to the Vienna convention a bicycle must have sufficient brakes in order 
to stop quickly in an emergency, a bell that can be heard at a sufficient distance 
but carry no other audible warning device, be equipped with a device that indicate 
white/yellow light in the front and a red light or/and red light deflector at the 
rear. Of course as the technology progresses there are many other features that 
can be seen on bicycles such as traffic distance reflector, in-pedal and in-wheel 
deflectors etc. However these are not (yet) recognised as standard musts and 
features. 
 
 

2.12  Form language  
“Form language is a visual “feel” or identity that characterises a brand, product or 
entity. They are many characteristics that contribute to this look or feeling, 
including colour, shape, texture, lines, materials and patterns.”11 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
_______________ 
11Car Design News, viewed 5th February 2013, 
http://www.cardesignnews.com/site/home/new_cars/display/store4/item131864/
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3 Method 
The methods used during this project are described below. Many of these 
methods, or some variation, are commonly used by industrial designers, though 
reference has been made to IDEO Method Cards, which is available as an 
application released by the American industrial design consultancy IDEO. The 
application of these methods is later described in this report in the 
implementation section. 
 
 

3.1 SWOT analysis 
A SWOT analysis is done where the strength, weaknesses, opportunities and 
threats of the projects are analysed. The strength and weaknesses are internal to 
the project and concerns issues such as products and marketing, finance, 
manufacturing and organization capabilities. The opportunities and threats which 
are external to the project are often divided into an analysis of the overall business 
environment, the market and the customers. The market concerns the competitor, 
suppliers, distributors and the customers. 
Setting the objective should be done after the SWOT analysis has been 
performed. This would allow achievable goals or objectives to be set for the 
organization. 
 
Strengths: characteristics of the business or project that give it an advantage over             
others 
 
Weaknesses: are characteristics that place the team at a disadvantage relative to 
others 
 
Opportunities: elements that the project could exploit to its advantage 
 
Threats: elements in the environment that could cause trouble for the business or 
project 
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3.2 Functional analysis 
A functional analysis is a document which consists of functions of the product in 
development. These functions are then evaluated and rated by significance. 
Usually one function can have one rating; P-primary, N- necessary, D-desirable, 
U-unnecessary. Each function is further described in words to give a clearer idea 
of what each function is to be used for. By the amount of N and D letters it can 
be seen in which direction the design should go and which functions it will 
include. 
 
 

3.3 Mood board 
A mood board is a sort of collage where all the images, shapes, textures, colours… 
are collected and put together on one sheet of paper. It serves as an inspiration or 
“mood-setter” for the designing product. It supports the whole design concept 
and can be referred to in the end when the design is complete as an explanation of 
the result. 
 
 
3.4 Time planning 
Time planning is a personal activity that is done individually and can be done in 
different ways. Firstly the start and the end date are marked and the milestones 
that are already known are inserted. Afterwards the individual activities are 
identified and listed and given an estimation of time it will take to complete them. 
This enables the user to schedule and plan his everyday activities according to his 
deadlines. Some require monthly deadlines while others like to plan more detailed 
by weeks or even days. It is important to note that in design most activities 
overlap and some cannot start until others end. 
There are also different formats. Some use a classic pen and paper or a calendar 
where they mark milestones other use computer programs such as Microsoft’s 
Excel or the more advanced Microsoft Project. 
In this project the pen and paper approach was used. The bigger milestones were 
identified and given a timeframe in which they should be done. To keep on track a 
“to do” list was made as well and being updated as individual milestones were 
reached. 
 
 

3.5 User analysis – Story telling 
To make the product feel even more feasible and real and to persuade the 
manufacturers, the user analysis is done. This is a way to determine and show who 
your target group or main user focus is. It can be done simply with some pictures 
and text to help visualise the “ideal user”. In this case a story of a user was 
created, describing their daily life and exposing their needs even more. This gave 
better insight to their needs and made it easier to develop the new product. 
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3.6 Stakeholder analysis 
A stake holder is someone who is in some way influenced or are influencing the 
project. It is important to the project manager to identify the projects 
stakeholders. In a stakeholder analysis each of the stakeholders are identified and 
an evaluation is done how to manage each one of them. Some are more important 
to consider that others but it is still important to investigate all viewpoints and 
needs so that everyone is considered in the project. 
 
Core stakeholders are stakeholders who are the decision makers. Primary 
stakeholders are directly influenced by the project or would like to influence it. 
Secondary stakeholders are stakeholders that have very low or no influence the 
project. 
 

 
Figure 23 Groups of stakeholders 
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3.7 Trend analysis 
Depending on the release date and function of a product it is also important to do 
a trend analysis. This helps to track current trends and foresee what is to come. 
This way the product is released in the right time with the right functions. If one 
of these is off it could mean that the product will not sell either because it is not 
popular due to a failed estimation of the future trend or not new enough and “out 
of date”. 
 
One way to do the trend analysis is by using the TAIDA method. 
TAIDA stands for: 
 
• Tracking: to trace changes and signs of threats and opportunities. 
• Analysing: to analyse consequences and generate scenarios. 
• Imaging: to identify possibilities and generate visions of what is desired. 
• Deciding: to weigh up the information, identify choices and strategies. 
• Acting: to set up short-term goals, take the first steps and follow up the actions 
 
Tracking is about observing changes that are most of the time small but have a big 
impact on the company or the market. Being able to observe and find these 
changes is what keeps the company or market competitive. 
 
Analysing is about orienting. It is about discovering future consequences based on 
changes that are happening in the present. Usually it answers the questions to 
what is actually going on and which are the weak or strong points. 
 
Imagining is both used for orienting as well as deciding. It is a matter of 
approaching changes more intuitively. The users can discover their own 
intentions, their own will and relationships to them. That way they acquire a good 
foundation for strategic choices. 
 
Deciding is about choosing the direction. It is a matter of selecting or rejecting 
certain decisions that would inevitably bring the user to their goal. 
  
Acting is about taking action by using the for-mentioned techniques or milestones. 
It is a matter of keeping the vision alive and ignoring what is irrelevant, but also of 
learning to rely on what we intuitively perceive and doing what is essential to reach 
the final goal. 
 
 

 
Figure 24 The TAIDA - model by Kairos future12 
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3.8 Competitive Product analysis 
Competitive product analysis determines how your product compares with the 
competitors’ products in the market place. The first step is to identify products 
that are similar to yours and which can affect your market share. 
 
It is very rare that a product has no competition. Common practice is that there 
are many products of same quality and price range which offer to satisfy the same 
need of the costumer. It is here that the competitive product analysis enables you 
to differentiate your product from the competition. 
 
The following parameters of the competitors’ products need to evaluated in a 
competitive product analysis 
 

• Does the product deliver what it promises 
• product pricing 
• product positioning 
• how is the product promoted 
• overall product experience 
• customer satisfaction with product 

 
Once you have the competitive product analysis data, the next step is to determine 
how your product compares with the competitor’s product on various parameters 
and this comparison can help determine your future product strategy. 
 
 
 
 

3.9 Anthropometric Analysis 
Physical anthropometric data charts completed by Snyder in 1975 were used as a 
guideline. While designing the bicycle the dimensions which fit 95% of the 
population were used. This would ensure that the full scale model would be in 
perfect proportion to the human body resulting in better comport and less strain 
and injuries. 
 
 
 
 
 
 
 
 
 
 
_______________ 
12Kairos future, viewed 27th February 2013, 
http://www.kairosfuture.com/v%C3%A5r-arbetsmodell 

http://www.kairosfuture.com/v%C3%A5r-arbetsmodell
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3.10 Sketching 
Sketching is the first step where ideas are getting formed and documented on 
paper. From simple lines and shapes new ideas are born that carry the ideation 
and concept further. After the simple ideation sketches are done they are taken a 
step further and developed more in detail with more precision and attention to 
details. This can be done either by pen and paper or marker rendering or even in a 
digital format by using Photoshop or other digital rendering programs. This stage 
is very important since it serves as a base for future decisions and products 
evaluations of shape, dimensions, colours etc. 
 
 

3.11 Digital modelling 
Computer Aided Design or CAD is a computer software used for designing 3-
dimensional objects. These objects are shapes and surfaces created in virtual space 
by placement of points and curves. There are two types of CAD programs solid 
and surface modelling. While solid modelling makes it easy to edit the geometries 
it makes it difficult to create complicated surfaces. The surface modelling on the 
other hand is easier to use when making detailed and complex surfaces but not as 
advanced in editing solid surface geometries. The benefits of CAD are that it 
makes it easy and simple to test tolerances and functions as well as simulations 
and preparations for manufacturing. Most CAD programs also have rendering 
tools imbedded in their system. This enables the designers to get a more realistic 
render, make a movie to explain the functions, highlight the details etc. 
 
 
 

3.12 Physical modelling 
Even though the computers 3D image can give a good understanding of the 
product is still lacks the actual physical feel or touch. Physical models allow 
visualization, examination, and may provide information about product the model 
represents. A physical model of something large is usually smaller and vice versa. 
The purpose of a physical model on a smaller scale may be to have a better 
overview while making the physical model in a big scale to see the structure of 
things that are normally too small to see properly.  
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4 Approach and Implementation 
During the product development process in developing the concept for a new 
pedelec I did not bound myself only to known design processes and methods, but 
also used my analysis and intuition. I used methods that were most suitable at the 
given moment. In the final stages of the concept design I have found out that my 
process was quite similar to the one described by Design Council UK in their 
“Double diamond” design process.  
 
The framework outlined by Design Council UK is therefore used as a way to 
structure this report of my design process. 
 

4.1 Discover 
This phase consists of collecting information form a variety of sources. The 
discovery phase did not occur in a chronological manner of researching specific 
areas consecutively. It has occurred in different areas which would bring up more 
questions and that would in turn inspire a new idea and further investigation.  
 
The discovery phase is vital in order to help make a decision which area should be 
targeted. What needs to be solved could not have been decided before getting an 
overview of the current market, context of use or what is actually desirable. 
 

4.1.1 Sociological research 

Looking into different perceptions of bicycles gave me deeper understanding of 
why and how some people use bicycles.  
 
In the Far East, i.e., China, the number of bicycle users is very high. This is caused 
by high prices of fuel and other means of transport. It is also more convenient 
since the user can go about his way directly without unnecessary stopping.  
The bicycle is there regarded as simply a mean of transport either of goods or 
people. When it breaks the parts are mended but in general no excessive care is 
taken for the bicycle.  
 
Culturally speaking the bicycle there has a known reputation of being for the poor. 
It is only the people who cannot afford a moped or a car that buy them. 
 
 
 
Looking at the western world gave a completely different picture. Due to better 
economy and standard of living, people here choose a more convenient and faster 
way of transport such as cars, busses, trams, subways etc. Consequently the 
number of bicycle used is smaller although steadily growing.  
A bicycle here is not regarded only as a mean of transportation but also used in/as 
recreation, fashion & art, variety of sports etc. Some people actually own more 
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than one depending on the activity they wish to do. They are also prepared to pay 
higher prices for special models. In general the users put more attention on the 
bicycle and when needed will take it to a specialist to mend it instead of doing it 
themselves. In North Europe people drive bicycles even in winter when the roads 
are full of snow. They equip their bicycles with special full of studs that give better 
traction.  
 
Here bicycles vary in design, colour, shape, size and even price. There is a bicycle 
for everyone. This means that one can have a unique bicycle that can be regarded 
as a fashion accessory. As such they are highly regarded. 
 
 

4.1.2 Market research 

To complete the Competitive Product Survey a list of manufacturers that sell 
pedelecs in Europe was gathered by researching online, visiting local distributors 
in Jönköping, Sweden and visiting the Best of Bike 2012 fare in October 2012 in 
Salzburg, Austria. Currently there are numerous manufacturers that provide 
bicycles, foldable bicycles, e-bikes and pedelecs to the market. However there is 
very few that provide small (16-20inch rims) foldable pedelecs that’s why I 
decided to include both foldable bicycles and foldable pedelecs in the research. In 
essence they share some similar components and construction technique. I 
focused on the strongest and most competitive brands that represent the four 
main categories; 
 

• Sport 
• Urban 
• Conventional 
• Innovative 
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Figure 25 Design Matrix where the companies in red circle produce also foldable 

pedelecs 
 
 
 
 
 
 

4.1.2.1 Providers of pedelecs 

 
YikeBike 
 
The brand that represents innovation in the world of foldable e-bikes is YikeBike. 
Although they are a relatively small and new brand and produce only one product, 
the popularity has reached the masses very quick due to their unique and perhaps 
odd design. On the other hand due to their odd and new design some people stay 
sceptical and unsure. The driver sits at the very brining with his body ahead of the 
bicycle. The legs are then positioned on the sides of the front wheel while the 
arms are positioned lower at the side of the body. Movement is created by the 
twist of the handle grip while steering is done by shifting the torso and gravity to 
the side. 
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Figure 26 YikeBike Synergy13 

 

 

 

 
Figure 27 YikeBike folded13 

 
 

 
 
 
_______________ 
13YikeBike, viewed 4th February 2013, 
http://www.ecofriend.com/yike-bike-mini-farthing-electric-carbon-fiber-bike-costs-3600.html  

http://www.ecofriend.com/yike-bike-mini-farthing-electric-carbon-fiber-bike-costs-3600.html
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Dahon 
 
Another brand that is identified as predominantly urban is Dahon. They produce 
numerous types and sizes of bicycles but only one folding pedelec. There are also 
other Dahon folding pedelecs on the market but they are a product of 
cooperation between two different companies such as Dahon and BionX. They 
focus most on practicality and comfort thus making their customers mostly to be 
people who are commuters and recreational users. 
 
 

 
Figure 28 Dahon Ikon electric14 

 

 
Figure 29 Dahon Ikon electric folded14 

 
_______________ 
14Dahon bikes, viewed 10th February 2013, 
http://dahonbikes.com/mainnav/folding-bikes/single-view/bike/ikon_electric-1.html 

http://dahonbikes.com/mainnav/folding-bikes/single-view/bike/ikon_electric-1.html
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Brompton 
 
Brompton is a brand that is dedicated to producing only small foldable bicycles 
with the focus on practicality and lifestyle of the user. Recently they have also 
joined the electric bicycle market by releasing their first foldable pedelec. To make 
their bicycles trendier they play with the colours of the frame but keeping to their 
conventional build and design. Although crowned the best folding bike in the 
world, the pedelec version is not compact at all as seen from the pictures below. 
 

 
Figure 30 Brompton electric bike15 

 

 
Figure 31 Brompton electric bike folded15 

 
_______________ 
15NYCeWheels, viewed 9th February 2013, 
http://www.nycewheels.com/brompton-electric-bike.html#tabs 

http://www.nycewheels.com/brompton-electric-bike.html#tabs
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Montague 
 
Montague is a company that produces exclusively folding bicycles. Although they 
make models for different environments, the unique frame design is always 
present.  In terms of size, Montague claim that it does matter and that’s why they 
specialize in full-size folding bikes. Even though the bicycle is full-size they 
managed to create a design that when folded is slightly bigger than some small-
size foldable bicycles. Although they do not produce foldable pedelecs themselves 
there are a few on the market as a result of a collaboration between Montague and 
BionX.  
 

 
Figure 32 Montague Crosstown - one of the lightest models16 

 
 

 
Figure 33 Montague Crosstown folded16 

 
_______________ 
16Montague, viewed 20th February 2013 
http://www.montaguebikes.com/folding-bike/  

http://www.montaguebikes.com/folding-bike/
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Although the products very in size, equipment, design etc. there are some 
similarities between them. When it comes to the safety features and the brakes for 
example all of them use V brakes apart from the YikeBike which has electronic 
anti-skid brakes. The advantages of the V-brakes are in the light-weight and simple 
repair and use. However their stopping power can become questionable. On a 
normal bicycle they are sufficient but perhaps not as much on a pedelec which has 
more weight and higher speed. In terms of safety then the YikeBike is better 
equipped however the electronic anti-skid brakes are expensive and some might 
not be willing to pay as much. The meeting point then could be disc brakes that 
have good stopping power at a reasonable cost. 
 
When it comes to technology and innovation YikeBike is the one that stands out. 
As mentioned before it uses electronic anti-skid brakes, integrated battery, frame 
integrated lights and a single frame design. But this comes at a high cost and most 
users are not willing to pay as much. The use is also questionable since it is not 
operated as a standard bicycle. This might cause a lot of users to reconsider and 
decide for a streamlined bicycle which is more intuitive to use. 
Comparing the rest of the bicycles it is clear that they are more or less a standard 
bicycle equipped with the driving system and a battery. 
 
Looking at the bikes from the users’ side in terms of convenience and size the 
Montague brand stands out. It is a full-size bike making it not so compact. 
However the Montague Company argues that they are not willing to compromise 
the riding pleasure of the full-size bike. This then is the most compact full-size 
bike on the market. But if space saving is what you are after this is not a good 
choice. That place is taken by the small 16”inch wheelers. Without the battery 
pack, Brompton is the best folding bike on the market at the moment. But due to 
the placement of the battery and electronics it makes their bike very big even 
when folded. In this regard Dahon and YikeBike are the best. They both fold very 
conveniently and do not take a lot of space.  
 
So depending on what the user prioritizes; if it’s the uncompromising riding 
pleasure of a full scale bike – Montague is the way to go. Although its size it will 
still fit in most car trunks quite conveniently. 
On the other hand if practicality is the utmost concern both Dahon and YikeBike 
will be a good pick. While Dahon is more subtle and intuitive, YikeBike stands out 
from the crowd and has the most innovative features and design. 
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4.1.2.2 Car manufacturers 

Not only the bicycle but also the car manufacturers have realized that there is a 
great potential in the pedelec market which led them to join the productions 
themselves. Some have decided on producing e-bikes other for pedelecs, some 
have more conventional shapes while other more innovative and daring. There are 
also attempts at a few foldable e-bikes. For some time it was quite trendy that car 
manufacturers gave away their bicycles as gifts when purchasing their new car 
models. Lately the trend has changed and cars are becoming smaller and more 
economical. This also pushed the car manufacturers to develop foldable pedelec 
or e-bike concepts to strengthen their image of an environmentally friendly 
company as well as try out the new market of foldable electric bicycles.  
 
Since the car manufactures already have products it is necessary for them that the 
new ones reflect the form language of the whole company. This is done in various 
ways by expressing their core values with colour, choice of material and the design 
itself. There are of course a lot of possibilities of the product design but it is 
crucial that the finalized product has successfully adapted the core values and 
reflects the company’s image also in the eyes of the user. This then explains why 
certain pedelecs or e-bikes look and perform the way they do. Illustrated on the 
pictures below are only a few of such examples. 
 
 
 

 
Figure 34 Volkswagen foldable e-bike17 

 
_______________ 
17ElektroBIKE, viewed 25th February 2013 
http://www.elektrobike-online.com/die-pedelec-studie-von-vw-bik-e.582698.htm 

http://www.elektrobike-online.com/die-pedelec-studie-von-vw-bik-e.582698.htm


Approach and Implementation 

44 

 
Figure 35 BMW i-Pedelec concept17 

 
 
 
 

 
Figure 36 Audi e-bike concept17 
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Figure 37 Lexus pedelec concept17 

 
 
 
 
 

 
Figure 38 Ford e-bike concept17 
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4.1.2.3 System providers 

When it comes to the drive systems and control units some pedelec manufactures 
subcontract companies who specialize in this area while others develop their own 
systems. Regardless of the provider, there are three possibilities when it comes to 
the positioning of the motor with each placement having its advantages; 
 
 

• Centre motor (between the crank pedals) 
To achieve optimal weight distribution, the motor is placed in the centre of 
the bike. This gives it stability in every situation and contributes to the 
driver’s safety. Mid-engine drives are used in many model varieties i.e. from 
comfortable to sporty. 
 
 

• Rear wheel motor 
A rear wheel drive stands for dynamic, sporty and off-road drive. The 
power is directly transmitted to the rear wheel giving the driver immediate 
boost when needed. It also reduces chain wear and allows for a more 
compact design of the bicycle frame.18 
 
 

• Front motor 
Similar to the rear wheel motor this option also allows for a compact 
design of the frame. It allows an easier dismantle and change in case of 
malfunction in comparison to the rear wheel motor. In this set-up the rider 
needs to get used to the power being delivered from the front wheel. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

_______________ 
18Khalkoff bikes, viewed 1st March, 2013 
http://www.kalkhoff-bikes.com/int/en/e-bike-info/drive-system.html 

http://www.kalkhoff-bikes.com/int/en/e-bike-info/drive-system.html
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There are three main system providers that are mostly used in Europe.  
 
One of them is Kalkhoff. In addition to producing pedelecs they also produce 
their own systems. Each system has its own name depending on the position of 
the motor on the pedelec. 
 
 

 
Figure 39 Kalkhoff Impulse drive system19 
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Figure 40 Kalkhoff Xion and Groove drive systems19 

 
 
 
Although the Xion system is still provided by Kalkhoff it has recently been 
updated and called BionX. In essence it still uses the same layout. What has 
changed is the voltage that has been increased from 36 to 48 V and the level of 
assist, it now has four and recuperation with 35 – 300% assistance possible. 
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A producer which is in big competition with Kalkhoffs Impulse system is 
Panasonic. They produce a system which has both the motor and battery in the 
middle. 
 

 
Figure 41 Panasonic drive system19 
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Favoured by most pedelec and e-bike producers is the Bosch system. It has a very 
good reputation due to its long lasting battery and powerful engine as well as to its 
heritage and company name. They provide a system that has both battery and 
engine in the middle. 
 
 

 
Figure 42 Bosch drive system19 

 
 
 
 
 
 
 
_______________ 
19 Drive systems for pedelecs and e-bikes, viewed 9th March 2013 
http://www.kalkhoff-bikes.com/int/en/e-bike-info/drive-system.html 

http://www.kalkhoff-bikes.com/int/en/e-bike-info/drive-system.html
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Apart from afore mentioned system providers there are also sub-developers. One 
of them is PowerBike. They focus on the drive system and system parts rather 
than on producing the whole pedelec. They produce batteries, engines and 
displays. They are one of the first companies to introduce the service of 
converting your ordinary bike to a pedelec or e-bike. The user can also choose the 
position of the engine and battery as well as the colour. This gave individuals the 
opportunity to create their own pedelec or e-bike without spending a lot of 
money. 
 
 
 
 
 

 
Figure 43 Engine colour options20 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
_______________ 
20PowerBIKE, bespoke options, viewed 11th March 2013, 
http://www.ebikes.at/ 

http://www.ebikes.at/
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4.1.3 Trend research 

Here, the trends that can be seen in Sweden as well as all over the world will be 
briefly described. 
 
 

4.1.3.1 Ecological trends 

There is a trend that is spreading across Sweden as well as the world. It is the eco 
trend where people are more considerate and respectful to the environment. This 
can also be seen in people purchasing more eco-friendly products. During the last 
10 years the amount of waste that is being recycled has increased from 77% to 
99% and the material recycling has increased from 29% to 33% while the 
biological treatment has gone from 10% to 15%.21 

 

The eco trend can be seen also in the car industry since they are one of the 
primary polluters. The improvements are implemented in their car range in terms 
of size and eco-friendly materials as well as the engines. Almost every 
manufacturer has a hybrid or electrical car. There are also many electrical super 
sport car concepts to promote the electric energy. They are also downsizing the 
volume of their engines and using turbo and superchargers instead. The goal is to 
produce the most fuel efficient car on the market since the price of fuel is heavily 
increasing.  
 
 

4.1.3.2 Health trend 

Another trend that is growing in popularity is the health trend. People try to 
exercise more, eat healthier and in general lead a healthy lifestyle. In Sweden, half 
of the workers have less than 5km to their workplace and half of all cars drive 
distances less than 5km. With the increasing prices of fuel and car taxes people are 
starting to see the benefits of the bicycle. It costs a lot less than the car, there is no 
need of fuel or registration fees, no traffic jams and you can get exercise as well 
while driving it. At Svensk cykling they have noticed an increase in participants for 
bicycle races such as Vätternrundan and CykelVasan.1 
 
 
 
 
 
 
 
 
_______________ 
21Sveriges avfallsportal, viewed 11th March 2013, 
http://www.sopor.nu/Rena-fakta/Avfallsmaengder/Vi-aatervinner-allt-mer 
1 Svensk cykling, viewed 12th March 2013 
http://www.svenskcykling.se/category/trender/ 
 

http://www.sopor.nu/Rena-fakta/Avfallsmaengder/Vi-aatervinner-allt-mer
http://www.svenskcykling.se/category/trender/
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4.1.3.3 Fashion trend 

In Sweden it is becoming very common to buy a second bicycle, one for 
commuting to work and the other for exercise and free time. The sales of bicycles 
have gone up by 10% each year for the last 5 years. In some bicycle shops the 
sales have gone up by 50%. People are also buying more expensive bicycles 
compared to few years ago. Not only that they are also spending a lot of money 
on bicycle equipment.  
 
According to Svensk cykling1 the trends of this year in bicycle world are dark 
colours with strong accent colours. They have also noticed that the users are more 
and more eager to affect the appearance of their bicycle in order to make it more 
personal. 
 
When visiting the Best of bike 2012 fare in October 2012 in Salzburg, Austria it 
was possible to see that the majority of the bicycles had shock absorbers at least in 
the front and were equipped with disc brakes in the front and rear. This could be 
seen on the sport and cross-country versions as well as on the regular city and 
leisure bicycles. 
 
 

4.1.3.4 Public transport 

According to an article in the Swedish newspaper, Dagens Nyheter, there are 
more and more people that use their bicycles all year round even in bad weather22. 
This puts more pressure on the government to plan better and bigger bike paths 
as well as maintain them in order for the bicyclists to use them on a daily basis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
_______________ 
22 Dagens Nyheter, viewed 4th February 2013, 
http://www.dn.se/nyheter/sverige/allt-fler-trampar-pa-i-hostmorkret 

http://www.dn.se/nyheter/sverige/allt-fler-trampar-pa-i-hostmorkret
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4.2 Define 
Towards the end of the “Discover” phase enough information was collected to 
narrow down the possible opportunities and begin the defining phase. 
 
The key features of the design that I developed are listed below: 
 

• A foldable pedelec that the average user can utilise in a primarily urban 
environment 

• Light and compact as to be as convenient to transport as possible 
• To fit younger and older users 
• Possibility of customizing 
• Easy to fold and store 
• Ergonomically designed 
• Frame integrated battery 
• Easy to adjust and fit people of different heights 
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4.3 Develop 

4.3.1 Ideation sketching 

Ideation sketching was used to explore a wide range of ideas. The actual 
evaluation of ideas would come later once the ideas have been documented as 
sketches on paper. The sketching itself took place over several sessions and 
throughout the whole research process as a way to explore ideas that were 
inspired by new information and findings.  
 
The key issue that I have dealt with is the frame since it defines the whole shape 
of the bicycle. It was important that it folds in a convenient and intuitive way as 
well as having a trendy and appealing design with all, to the rider, unnecessary 
details hidden. 
 
At first I tried to focus on the frame exclusively, regardless of other restrictions. 
This way I was able to come up with various frame shapes and design forms. 
After applying the restrictions a more feasible version of a foldable pedelec started 
to immerge, seen on Figure 44. 
 

 
Figure 44 Concept #1 

 
In the first variation of concept #1 (Figure 44, left) the battery is not integrated in 
the frame and sits low in the centre to keep a good centre of gravity and making 
the bicycle stable. The wires are threaded through the frame as not to disturb the 
clean design. The lights were positioned on the side of the frame as a unique 
feature on both variations.  
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The second variation of concept #1 (Figure 44, right) was the same as the 
previous with the difference of having the battery integrated in the frame. This 
allowed for a more clean design and unity of the bicycle. 
 
When trying to take the idea further in development it became obvious that the 
frame would be too heavy which would take me away from the initial goal of 
making the bicycle as light and convenient as possible. There were also quantities 
of material that were not necessary thus only adding to the weight. In addition the 
height of the frame would give the bicycle a high centre of gravity making it more 
unbalanced. 
 
 
 

 
Figure 45 Concept #1 

 
However, the benefits of the first concept were taken forward.  This was the 
folding mechanism and position of the fold. By folding the bicycle in the centre it 
would take the smallest space possible.  
 

 
Figure 46 Refinement of Concept #1 
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Figure 47 Refinement of Concept #1 

 
 
 
 
 

 
Figure 48 Refinement of Concept #1 
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When creating the second concept I tried to implement the good ideas from the 
first and improving the others. The second concept, seen in Figure 49, was of 
more subtle design and giving exclusive priority to the engineering aspects such as 
the folding mechanism, weight, gravity etc.  
 

 
Figure 49 Concept #2 

 
After creating the frame and the overall components I tried to change and 
improve individual parts such as forks and folding mechanism. I researched 
further with the previous frame fold and found out that by folding the handlebars 
the total folded length can be reduced even more so I decided to include that in 
the concept. 
 
I continued with searching for a way to reduce weight and make the fold as 
convenient as possible. This led to the ideation of single fork design (Figure 50). 
Although this meant the one single fork would have to be strengthened to take 
the force but still weigh less than the conventional design. It also enabled the ends 
of the bicycle to be closer when folded, further decreasing the space of the folded 
bicycle.  
 
When trying to improve the convenience of keeping the bicycle in place when 
folded I ideated about a magnetic design. The magnet would be placed in the 
lower end of the front fork and rear wheel centre. When folding the bicycle the 
two magnets would meet and create a bond strong enough to keep the bicycle in 
place (Figure 49, bottom left).  
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Figure 50 Concept #2 

 
The reason behind not taking this concept further was its static and quite 
mechanical/engineering design. On the other hand it gave birth to many new 
ideas that could be implemented in other concepts. Such was the idea of the single 
fork design. By ideating further I came up with the idea of a shell-like cover that 
would hide the bolts that hold the axle attached to the fork (Figure 50, bottom 
right). This idea would enable for a more sleek design and hiding the anaesthetic 
mechanical parts. In addition, the design of foldable pedals was added (Figure 50, 
top right). This would save space in width when folding the bicycle. 
 

 
Figure 51 Refinement of Concept #2 
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On the last concept the approach was from both design and engineering 
perspectives more subtle. Taking solutions from the previous concepts and mixing 
them with new ideas I was able to create the third concept. The first ideation 
sketches involved getting the right shape and proportions with the mechanic 
aspects in mind. 
 

 
Figure 52 Initial ideation of Concept #3 

 
 

When creating the first ideas it felt that the bicycle was not in proportion and a bit 
weak in relation to the battery size in the middle. This led to further ideation of 
frame design and battery placement. 
 
After many further ideations I have developed a concept that would be suitable 
for further development (Figure 54, bottom right).  
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Figure 53 Further ideation of Concept #3 

 
 
 

 
Figure 54 Further development of Concept #3 
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Figure 55 Concept #3 

 
 
 

 
Figure 56 Concept #3 
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Figure 57 Concept #3 

 

 
Figure 58 Colour variation of Concept #3 

 
 

The tree concepts were evaluated in correspondence towards the design 
requirements that came out of the defining stage in the design process. Each 
concept was evaluated in how well they correspond to respective design and 
technical requirements. Concept one was discarded because it did not fulfil he 
low-weight requirement as well as not being too compact. Although concept two 
presented a lot of technical solutions in terms of being compact it was not selected 
due to its aesthetics. The shape itself was deemed to static and mechanical and 
that did not fit with the initial brief or the user analysis. This led to the selection of 
concept three. It fulfilled both technical requirements in terms of being compact 
as well as being aesthetically more pleasing.  
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4.3.2 Modelling 

Modelling was done in two stages both running simultaneously 
 

4.3.2.1 Computer 3D modelling 

The process started with importing sketches in to the computer to be used as 
reference. The program used in this process of computer 3D modelling was 
Autodesk Alias Design – a design software that helps designers capture ideas 
digitally with design tools for technical surfacing and Class-A surface modelling. It 
started with a framework of lines that were later formed into surfaces, Figure 59 
and Figure 60. It was used as an evaluation and reference tool since it creates a 
real-time 3D model that enables further evaluation of surfaces, proportions and 
sizes. 
 

 
Figure 59 Computer 3D modelling in Autodesk Alias Design 

 

 
Figure 60 Computer 3D modelling in Autodesk Alias Design 
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Once the 3D model was created it was exported to another program called 
Keyshot. With the help of this program it was possible to apply textures and 
colours to the surfaces, see Figure 61. Once that was done the setting for the 
environment and camera were set (Figure 62) and the program rendered the final 
presentation picture of the product.  
 

 
Figure 61 Creating and applying surfaces in Keyshot 

 

 
Figure 62 Creating light environment in Keyshot 
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4.3.2.2 Physical modelling 

The physical model was created using foam material as well as real products such 
as handlebar, saddle, chain etc. because of the scale of the model, 1:1. By using 
hand tools as well as the milling machine, individual parts of the bicycle were 
created. The frame and the wheels were created using the CNC milling machine, 
by milling two half’s of each part, see Figure 63. 
 

 
Figure 63 Both half’s of the frame 

  
After the parts were completed in the CNC milling machine they had to be cut 
out, glued together and sanded down to a fine surface. 
 

 
Figure 64 Glued and sanded parts 
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Once the surfaces are sanded to an acceptable level they are taken to the paint 
booth where they are coated with spray-filler. This substance fills all the small 
holes that are left from the sanding and the original foam material. 
 

 
Figure 65 Front wheel after being sprayed with spray-filler 

 
Once all the parts have been sprayed with spray-filler they are sanded down again 
using finer sandpaper which leaves a nice smooth surface. After that process the 
parts are ready to be painted with colour. Some colours require and additional 
clear-coat after they are dry, to prevent loss of paint and enhance the shine. 
 

 
Figure 66 Front wheel painted 
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Figure 67 Shows the masking process 

 
 

 
Figure 68 Final layer of paint 
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After all the parts were dry from painting they were unmasked. This was the final 
stage of the paint process. The only thing left to do is to assemble the parts and 
mount the final model. 
 

 
Figure 69 Unmasking  

 
 

 
Figure 70 Shows the assembly of parts 

  



Approach and Implementation 

70 

Parts such as the steering and the seat pole were created using real aluminium 
because it was more convenient and gave a more authentic impression. The 
aluminium rods were inserted in the lathe machine and lathed to the right 
dimensions and shape and later polished to a nice surface. The steering pole 
needed a drill-hole so the steering bar could be attached with a screw. 
 
 

 
Figure 71 Lathing process 

 
 

After all the individual parts are finished they are assembled and fixed together to 
form the final product. 
 
 
 
 
 

4.4 Deliver 
The delivery phase of product development might include additional user testing 
of the first production prototype, evaluation, modifications and additional 
prototypes, final testing and launch. The scope of this report will not cover this 
phase due to the Delimitations as described in this report. 
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5 Result 
 

5.1 Overview of the final concept 
 
The final concept prototype is shown in the following figures. The final concept 
was intended to highlight the intuitive folding procedure, size and practicality as 
well as the ability to personalize the product with individual choice of colour.  
 

 
Figure 72 Final concept 3D render 
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Figure 73 Final concept 3D render 

 
 

 
Figure 74 Final concept 3D render  
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Figure 75 Physical model 
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Figure 76 Physical model 
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Figure 77 Physical model 
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5.2 Benefits and Features 
 
The pedelecs frame is constructed from three main components.  
First is the frame with its two oval supporters that help keep the frame firm and in 
place. At the front of the frame there is a cavity where the battery is placed. The 
rest of the frame is hollow apart from the folding points where it is reinforced to 
the able to withstand the forces and weight of the rider. The cables that connect 
the battery with the engine are threaded through the frame and rear fork to the 
wheel. For this reason the folding mechanism has two cavities. One is used as a 
hinge to swing the frame to an open/closed position and the other to thread the 
wires through a tube, making sure that when the user is using the mechanism he 
doesn’t damage the wires. The oval supporters are mostly hollow as well to save 
weight while at the pivot points they are reinforced for safety reasons. At the 
bottom of the oval supporters, the axle and crank set are attached. 
The single rear fork is connected to the rear oval supporter and is as well hollow. 
This enables the cables for the breaks and motor to be wired without being 
exposed to the exterior. 
The same idea is repeated in the front single fork where the wires for the disc 
brakes are threaded through. The reason for the single fork design is aesthetic as 
well as engineering – to save weight and space with a narrower fold. 
 

 
Figure 78 Components of the foldable pedelec 
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Figure 79 Hinge components of foldable pedelec 

 
 
 
 
 

 
Figure 80 Single fork design 
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The driving environment (Figure 81) is designed to be as simple and intuitive as 
possible. In the middle of the steering bar is a multifunction touch screen interface 
which can be removed by unsnapping it from the holder. The interface shows the 
basic information such as battery level, level of support pedalling received from 
the motor as well as satellite navigation. The system is designed in such a way that 
it is possible to change it with a smart phone in which case a special application 
would have to be installed. 
 
The rider has two basic brake leavers for the front and back disc brakes. There are 
no gear shifters as the gears are in-motor and adjust automatically depending on 
the pedalling support received from the motor. 
 
The handles are ergonomically designed to provide more support to the outer part 
of the palm where the force is biggest. 
 
 
 
The battery is placed in the front half of the frame (Figure 82). Around the battery 
and the frame cavity a waterproof seal is created with a special rubber and silicone 
layer. Keeping the battery in place is a key-locking mechanism. To remove it from 
the cavity, the key which is provided with the pedelec is used to unlock the 
mechanism.  
 

 
Figure 81 Drivers environment 
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Figure 82 Removal of battery 

 
To promote the intuitive and sporty feel of driving the pedelec, the motor was 
placed in the rear wheel, Figure 83. Since it is a solid piece the wheel spokes were 
designed with the intent of blending the two together. The spokes are attached to 
the outer shell of the engine which enables the mechanics to access the engine 
without having to replace the whole wheel. To emphasise the engine a black 
colour was chosen in contrast with the white rims to help it stand out. For power 
transmission a classical chain can be used, or a Kevlar belt which prevents grease 
stains and contributes to a quieter drive. Finally to help with the stopping of the 
bicycle, disc brakes in the front and back are used. 
 

 
Figure 83 Motor in the rear wheel 
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5.3 Folding and dimensions 
The folding is done in three main steps; steering, frame and saddle as seen on 
Figure 84. First the handles are collapsed downwards alongside the steering pole. 
Following is the collapsing of the steering pole towards the frame. Both the 
steering and handle mechanisms are attached to the frame and the rest of the 
steering (Figure 85). When the folding of the steering is completed the frame 
follows. By pushing the locking mechanism downwards (Figure 86) it becomes 
unlocked and the frame is able to pivot. The front part of the frame is then swung 
180 degrees clock-wise towards the rear wheel. Once the frame is in position the 
saddle is collapsed downwards using the locking mechanism (Figure 88). When 
the saddle is at its lowest point it will touch and hold the front part of the frame 
by the steering pole. This helps to keep the fold in place and make sure the parts 
down swing in different directions. Lastly the pedals are pushed inwards which 
releases the locking mechanism and swung upwards to save horizontal space. 
 

 
Figure 84 Folding procedure 
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Figure 85 Fold position of the handles and the steering bar 

 
 



Result 

82 

 
Figure 86 Frame lock mechanism, push down to unlock 

 
 

 
Figure 87 End position after swinging the frame 
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Figure 88 Locking mechanism of the seating pole 

 
 
 

 
Figure 89 Final fold position 
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Figure 90 Dimensions of the foldable pedelec 
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Figure 91 Dimensions of the foldable pedelec 

 
 

5.4 Colours 
To differentiate this product from the rest on the market even more the use of 
different colour has been implemented. To appeal to a wider range of users they 
are given the opportunity to choose their own colour codes. This means they can 
individualize their pedelec and make it unique from all the others on the market. 
 

 
Figure 92 Colour variations 
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5.5 Materials 
There are many suitable materials for the frame depending on what one 
prioritizes. However the final choice was to use aluminium for its properties of 
being light weight yet strong and quite cheap. To achieve variations of colours, 
different colour treatment techniques are used but the material stays the same. 
 
The seat and steering poles and steering bar are from aluminium tubing to save 
weight. The crank set is also made from aluminium. 
 
For better stopping power the disc brakes are made from steel and the brake pads 
are sintered. Sintered pads are made up of hardened metallic ingredients, which 
are bound together with pressure and temperature. 
 
The ergonomic handgrips on the handlebar are from hard plastic but covered with 
softer rubber for better grip and more comfortable ride. The seat is made in a 
similar way; from plastic materials and covered with a gel layer to provide comfort 
for the rider. To save additional weight the mudguards and pedals are made from 
plastic and then colour treated to match the desired colour code and effect. 
 
The power is transmitted in a classical way via chain link between the rear wheel 
and the pedals. However in this product the chain is replaced by a Kevlar belt. 
This results in a smoother and quieter drive. It also does not need any lubrication 
and will not damage or dirty your clothes.  
 

5.6  Lights and reflectors 
The product is equipped with reflectors on the pedals as well as front and rear 
light reflector. A special design of the lights was not carried out as described in the 
delimitations. However aftermarket snap-on lights that include reflectors are 
offered with the product. They can be snapped on the steering and seat pole 
which provides good visibility for the driver as well as others in traffic. 
 

 
Figure 93 Snap-on front light 
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Figure 94 Snap-on front light 

 
 
 
 
 
 

 
Figure 95 Snap-on rear light 
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6 Conclusion and discussion 
A good project always starts with having a clearly defined vision or goal which we 
strive for. In this case introducing a design that is innovative and different as well 
as practical compared to other foldable pedelec on the market. I managed to 
achieve that quite fast both what to do and how to do it. I started by gathering 
information about the topic, the wider the search the better it is since even the 
smallest information can lead to another source etc. It often happens that this 
phase of gathering information takes too much time either because of lack of 
information or due to the fact one can do infinite research. Luckily it was not hard 
to find the information I required from both user and manufacturers perspective 
which included marketing, ergonomics, components and technology, safety and 
regulations as well as some philosophical aspects of design such as semantics, 
design development, design thinking etc. Because I planned my time effectively I 
was able to move to the next stage of the project in good time and with many vital 
information of good quality. 
 
After gathering all the information it was now important on how to use it. Thus it 
was of utmost importance to choose the right methods that would eventually lead 
me to the desired product. One of the first was the use of SWOT and functional 
analysis. With the help of these methods I was able to choose the right path when 
deciding key features, mechanical and design functions of the product. It also 
showed potential problems and weaknesses that might occur during the project. 
Since I have done a good and thorough analysis I was able to anticipate and 
successfully avoid them when they had a chance to occur. Of vital importance was 
also time planning which made it possible to always have a good overview of the 
project and make sure that all the activities were done and unforgotten. Of course 
there we also other methods that I used but it was the combination of all which 
made it possible to reach the final result. Here I would like to add that different 
designers use different methods depending on their experience and what suits 
them best. There are many methods that can lead to the same result; it is all about 
picking the ones you feel most comfortable with and that will work best in the 
given situation. 
 
The next stage was all about the actual design work. I started by making simple 
doodles and sketches to get some basic shapes. That made way for inspiration and 
soon I was able to come up with form sketches that roughly defined the overall 
shape of the product. Then with every sketch the sketches were more and more 
detailed and thought through as a working concept. This process was repeated 
many times so I had the opportunity to choose from many ideas and variations. 
The final idea was chosen based on the criteria given in the theoretical background 
and the design brief. That was then taken further into digital modelling where a 
digital 3D model was created. This helped me to evaluate the shapes, form, colour 
and other design attributes better compared to paper and other 2D sketches. I was 
also able to improve them if needed in real-time. This was one of the crucial 
stages because the digital model served as a base for physical modelling. Unlike 
CAD modelling where a mistake can be quickly repaired with a click of a button, 
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this does not hold true for physical modelling. Model pieces can be damaged in 
the process, asymmetric, can brake etc. That’s why, in my opinion, this stage is 
one of the hardest. Not only that it is time consuming but many things that could 
go wrong require remaking the damaged piece. Even when all the parts are done 
they still have to be painted in the end. This is a stage where even if the parts are 
nicely finished, with a bad colour application everything can be ruined. That’s why 
it is one of the “make it or break it” moments. In my case I have applied two clear 
coat finishes to achieve the satisfied result as well as repair the uneven clear coat 
layer. 
 
 
Although the concept is not perfect, the prototype has some features that inspire 
new ideas and further development. With the even increasing speed of technology 
development I am sure the future products will have the ability to be lighter, more 
compact and have a longer battery life. All of these will be also more affordable 
which will force the manufacturers to offer higher quality products for lower 
prices. 
 
 
If I were to continue on this project I would also add the creation of a working 
prototype that could be used for testing and generating feedback. It would 
generate useful information that could help improve and solve potential faults 
found by the users. With this it would then be possible to increase the level of 
user focused product. 
 
 
Although no user tests were carried out there are some improvements I would 
recommend should the development continue. I would focus on improving the 
central hinge mechanism that folds and holds the frame, by making it as light and 
small as possible. I would also constantly gather information about the new 
materials that are available on the market and could be used as the frame material 
for the pedelec. 
 
 
Before producing the product for market, all aspects of the design should be 
carefully considered for safety, and the final prototypes should undergo safety 
testing. 
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Attachment 1  Moodboard 
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Attachment 2 Functional analysis 
 

Analysis of functions Completed by: Mark Truden 
Product: Foldable pedelec Date: 2013-01-21 
        

Function   Class Restrictions 

Enable transport P   

Able to fold N As compact as possible 

Withstand bad weather N   

Withstand wear N   

Admit light N Legal lighting 

Admit energy N Facilitate power 

Able to adjust riding position N Height and inclination 

Minimize rider injury N Ergonomic solutions 

Resist corrosion N   

Minimize weight D Choice of lightweight material 

Minimize production cost D   

Prevent rider getting dirty D   

Simplify maintenance D   

Able to switch gears D   

Able to charge while battery in frame D   

Able to personalize D Colour options 

Express quality D Colour and surface texture 

Impress the market D Innovative, different 

P - Primary;  N - Necessary;  D - Desirable;  U - Unnecessary                                   
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Attachment 3  Pedelec providers images 
 
 
 

 
Figure 96 Driving position of the YikeBike23 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
_______________ 
23Motorcycle USA, viewed 4th February 2013, 
http://www.motorcycle-usa.com/1/868/2/Motorcycle-Blog-Post/YikeBike-Electric-Scooter.aspx 

http://www.motorcycle-usa.com/1/868/2/Motorcycle-Blog-Post/YikeBike-Electric-Scooter.aspx
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Figure 97 Dahon MuP824 

 
 

 
Figure 98 Dahon MuP824 

 
 
 
 
_______________ 
24NYCeWheels, viewed 10th February 2013 
http://www.nycewheels.com/dahon-mup8-bionx-electric-bike.html#tabs 

http://www.nycewheels.com/dahon-mup8-bionx-electric-bike.html#tabs


Attachments 

99 

 
Figure 99 Montague SwissBike X90 - one of the more extreme models16 

 
 

 
Figure 100 Montague SwissBike X90 folded16 

 


	Abstract
	Table of Contents
	1.1.1

	1 Introduction
	1.1 Background
	1.2 Objectives
	1.3 Delimitations
	1.4 Disposition

	2 Theoretical Background
	2.1 Double Diamond Design Process
	2.2 Development process of a product
	2.3 Design thinking
	2.4 The design development
	2.5 Semantics
	2.6 Concept definition
	2.7 Context of use
	2.8 Marketing
	2.8.1 Benefits of a pedelec
	2.8.2 Potential markets
	2.8.3 Sales and market development

	2.9 Ergonomics of biking
	2.9.1 Sitting ergonomics
	2.9.1.1 Various sitting positions
	2.9.1.2 Saddle height
	2.9.1.3 Horizontal position of the saddle in comparison to the bottom bracket
	2.9.1.4 Crank length
	2.9.1.5 Foot position
	2.9.1.6 Weight distribution

	2.9.2 Hand ergonomics

	2.10 Components and technology
	2.10.1 Frame materials
	2.10.2 Motor
	2.10.2.1 Blushless motors
	2.10.2.2 Hub motors

	2.10.3 Motor placement
	2.10.4 Battery
	2.10.4.1 Lithium Ion batteries
	2.10.4.2 Cost of battery

	2.10.5 Control unit
	2.10.6 Folding

	2.11 Safety and regulations
	2.12  Form language

	3 Method
	3.1 SWOT analysis
	3.2 Functional analysis
	3.3 Mood board
	3.4 Time planning
	3.5 User analysis – Story telling
	3.6 Stakeholder analysis
	3.7 Trend analysis
	3.8 Competitive Product analysis
	3.9 Anthropometric Analysis
	3.10 Sketching
	3.11 Digital modelling
	3.12 Physical modelling

	4 Approach and Implementation
	4.1 Discover
	4.1.1 Sociological research
	4.1.2 Market research
	4.1.2.1 Providers of pedelecs
	4.1.2.2 Car manufacturers
	4.1.2.3 System providers

	4.1.3 Trend research
	4.1.3.1 Ecological trends
	4.1.3.2 Health trend
	4.1.3.3 Fashion trend
	4.1.3.4 Public transport


	4.2  Define
	4.3 Develop
	4.3.1 Ideation sketching
	4.3.2 Modelling
	4.3.2.1 Computer 3D modelling
	4.3.2.2 Physical modelling


	4.4 Deliver

	5 Result
	5.1 Overview of the final concept
	5.2 Benefits and Features
	5.3 Folding and dimensions
	5.4 Colours
	5.5  Materials
	5.6  Lights and reflectors

	6 Conclusion and discussion
	7 References
	8 Attachments

