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1 Introduction
Especially in The Netherlands, a bike is very common in the community. To take the bike with you easily, some had developed a bike that is foldable. By unscrewing some parts and folding them, the bike can be carried into a train, for instance. This is really useful in travelling with public transport.

The problem is, that a folding bike is not very time-efficient and most of the time, you have to touch very dirty parts, which is not acceptable in our opinion. On the top of that, elderly have to bend over to take some parts and bend them in a certain way. That is why we started to design a new folding bike, where you don’t get dirty and which saves you a lot of time.

2 Objective

During the first semester at the TU/e we were working in the ‘Next Nature’-theme. The goal was to develop a product which made use of nano-technology and which started an ethic discussion. 
3 Design

3.1 Idea generation and Concept Development

We started our project with the idea of a car that could change its shape by the usage of shape-memory alloys. The car’s shape would change in order to become more aerodynamic, to make the car shrink for easier parking or just for enhancement. In order to do so; we would use shape-memory alloys. After several days we concluded that a car would be quiet difficult to design, since we’re first year students. Our team decided to keep using the shape-memory alloys but to develop the concept of a folding bike. That is how the Q-bike was born.
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During the semester we did a lot of material research, especially about the shape-memory materials. Most of the other materials and resources we would need were researched during the creation of the business model canvas, we didn’t actually think of them before that. During our journey for a good material we decided to contact an expert who has experience with shape-memory alloys. After a small conversation it became clear that the alloy wouldn’t be usable. The alloy we wanted to use is really hard to weld, very expensive and it doesn’t exists in metal plates. We started doing new research and eventually we changed the alloy by shape-memory polymer, this material would only be used in the bending points. Because we weren’t sure if the polymers could hold a person’s body weight we made a structure that would be implanted in the bike to give it more strength. At first we made different structures out of wooden sticks and tape.
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After finding out which structure was the strongest we remade them out of metal. The structure shown in the picture was made of soldered 1.4 millimeters steel bars. It could hold a weight of approximately 80 kilograms.
Of course we needed a design for our bike so Robert started with the basic shape of our bike, which was hard because we wanted a futuristic look but it had to look good and be realistic as well.
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When we had a basic shape Willem took a picture of it and put it into illustrator. Because he wasn’t that good with illustrator he continued working on it in photoshop. The final design which we used for the demo-days in October has not been changed afterwards. A few days before the project deadline we decided to make a 3D-model. In reflection to our project we have to say that we should have done this earlier. But we are happy we made the 3D-model because it made our project seem more believable.
Next to the material research we did a lot of other research about the bikes bending points and the dimensions of the bike. We decided to measure the dimensions of several casual bikes and use these, because we were sure these dimensions would be right.
Finding the best bending points for our bike was more difficult. We didn’t want the folding process to be complicated and still the bike should be folded as tiny as possible. So we wanted to fold the wheels in some way and we had to find the best bending points for our frame.
Because wheels with tires aren’t foldable, unless you want to pump them up every time, we had to find an airless wheel.[image: image7.png]D
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After doing some research we found the Tweel, an airless tire, made of rubber which is created by Michelin. This would probably be one of our best chances to create a foldable wheel, as long as the wheels rim was made out of shape-memory polymers.

When we found a solution for the wheels we had to find the frame’s bending points. To find the best points we made a paper model of the bike and started folding it. After some time we found a way to fold the bike. When folded, the bike would be a bit larger than the bike’s wheels. Sadly enough we didn’t have enough time to make a 3D animation of the bike while folding.

While searching the best bending points, we were thinking about a name for our bike, which was really difficult. But we thought the following; if we could fold the bike as a cube we could name our bike ‘Q-Bike’. Later on we kept this name for our project. Although folding the bike as a cube would be way too difficult.
Right from the start it was clear that our bike would use a touch interface to fold and unfold the bike. When we wanted to explain somebody which movement they had to make to fold the bike, they almost never understood. So we decided to make a design for the user interface and a prototype of the user interface. During the final demo-days we remarked that is was much easier to explain to people how they would fold our bike while using our prototype.
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The creation of the business model canvas made clear how the production and the distribution of the bike would work. We thought of a lot of things we could do with our bike. Maybe it would be nice if the bike was customizable or if it was sent as a construction box. We thought about the materials as well, should we use the strength and lightness of carbon or the ecological look of bamboo? In the end we decided to keep it easy, we would just sell our bike in bike stores and the main material, next to the polymer, would be aluminum because we wanted our bike to be affordable and sustainable.

We asked the help from an expert to help us making the BCM but he forgot to reply until the demo-days, which was too late to help us. Our coach told Willem to show the business model canvas in a creative way, which as difficult because the canvas has a specific shape. But eventually he managed to do this. 
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We think that everything went quiet good but we have to be honestly, our communication and teamwork could have been better. As well we never saw one of our team members and we don’t know if he actually quit or what he was up to.
4 Technology

4.1 Current issues

Our project was about making a product or service that would contain nanotechnology. This product or service is supposed to trigger an ethical discussion. The first nanomaterial that we investigated was the shape memory alloy. This is an alloy which can be formed in any shape you want. When you’ve done this, you can start reforming the alloy. When the metal is heated or electricity is conducted through it, the original shape will be recovered. On the internet we found an expert on this material and we contacted him. His name is Ko Buijs, he has a lot of experience with this material and so we arranged an interview over the phone. The conclusions of the interview were that the material is very hard to work with. Also it is very expensive, 1000 euro per kilo. The material is very hard to obtain and the material would not be as effective on this scale to operate. But it should be strong enough to make a bike out of it.
After one of the expert sessions the coaches told us to investigate more materials and to look in other directions than the shape memory alloy. We came across a movie from the web site ‘Inventables.com’ and it showed a shape memory polymer. This was a material that could offer us much more because it is transparent and in this way we could use light effects on the frame. This material works in the same way as the shape memory metal does, the only difference is that it’
Another issue was that the polymer is very hard to work with and also to produce. Willem tried to contact one of the companies we found that are able of making this material but they unfortunately could not help us. This is what Cornerstone Research Group, the only commercial producer of this material and they replied to us:

Hello Willem,

I apologize for the delay in getting back to you.  Unfortunately, CRG no longer sells Veriflex as a raw material.  We produce and use the materials in projects we perform for customers, but we don't send them for customers to use.  We do this because most often the utilization of shape memories polymers requires a system design approach.  That is, success requires more than just the properties of the material but also the integration of the material into the entire system.  I'm sorry we cannot help you in this.

Best Regards,

Richard
4.2 assignment/project goals

The two- way shape-memory effect is a way to shape the material in to two shapes that needed. One shape is required when the temperature is low and the other when the temperature is high. The material can be ‘learned’ to behave in this way because at certain temperature the crystal formation changes. If the temperature raises then the crystal formation changes in a way so that the shape of the material changes. If the temperature drops, the crystal structure will go back in its original state and so the material goes back in form.

The shape-memory polymers are soft when going through the shape changing phase. This is different than the shape-memory alloys because they stay the same and do not become softer. The shape-memory polymer is more attractive than the shape-memory alloys. The shape-memory polymer has a high capacity for deformation (about 200% more). The density is lower, they cost less, easier processing and the required temperatures have a bigger variety.

Knowing that the material that we chose was not very easy to handle we decided to go on with our project because our product would be put to use in the future and it could be that this material improves over time so that it becomes easier to produce and handle. The folding bike we wanted to create has the size of a regular bike but it can be folded as small as a folding bike. This was our next challenge because the folding bikes nowadays are very small. First we determined the points that are going to bend. These parts are made of the shape memory polymer. The rest of the parts of the bike that are not going to bend are made from aluminum so that the bike will not be too heavy. The folding parts of the bike are made with a triangular structure so that the frame easily can bend.

We calculated the right shape of the triangular shape so that is needs three of these parts so that it can bend 180 degrees.

We figured out that the wheels are the biggest parts on our bike and we hand to come up with a system to fold them. We cannot use a regular tire because if we would try to fold this the pressure on the tire would be too high on some places and the tire would collapse.  We solved this problem with an existing technology that is researched by the army and Michelin. It is a tire that doesn’t use air. Instead it uses a sort of spoke construction that simulates the tension of a normal tire. This structure can be folded and so we can fold our wheels into a smaller shape.

One of the problems that our bike could have is that the construction we thought of is too instable and too fragile to be able to hold a person. This is an issue that we could not investigate because we do not have the materials to build the bike and test it. 

Another problem would be that if the bike will get hot from the sun it will change shape unwillingly. This could be inconvenient because the bike could fold on moments you do not want it to.

One of the big advantages is that there is no mechanical structure needed to fold the bike. It will be very smooth and there is no way it can be dangerous because you don’t have to do the folding yourself. With a traditional folding bike this could be a problem sometimes. It could be that you did not fold out the bike correctly and it collapses when you try to ride it. This will never be an issue with this material.

5 Users
In the first place we think that our customers would be people that want a folding bike but who don’t want to fold it every time. Because folding a folding bike can be difficult, the cyclist might get dirty and when you have back problems it isn’t good to bend forward. But of course, other people can use the Q-bike as well because the automatic folding is way more user friendly. 

In the beginning, we stated that our target group would be young entrepreneurs and we do still think it is the best choice. We chose these people as users for our product, because we think that young entrepreneurs have to travel much more than an average person and they have a tight schedule, so every minute counts. 

Most of the time, these people go by public transport. It is much more time-efficient, than driving you to work. When stepping out of a train, for instance, the entrepreneur takes his folding bike to travel the final part of his journey. By using our bike, the entrepreneur does not waste his time on unfolding the bike and unscrewing all the nuts. 

Of course, everyone could use our bike. Elderly, for instance, would have a great time using our bike, because they are not that mobile anymore and still want to travel by bike every now and then. They would benefit from the ease of use of our product.

We needed to create a perfect user for our bike. What we wanted to do is making a persona. Before we managed to make one, we had to interview some people from our target group. By asking questions about thoughts of a folding bike, staying healthy, functionality, aesthetics, prices and technology, we could create a persona. The results of the interview were not very surprising. Mostly, the interviewed people are willing to go by bike to stay healthy and thought that a folding bike would only be useful when travelling by public transport. They would want to spend extra money to a bike that is better, regarding to functionality. Aesthetics are not important, according to our users, and they do care about the latest technologies. All of these results match our concept.

On the top of that, we managed to create a list of requirements, by asking some more personal questions. Think about colors, for instance. In general, it was about functionality, the look and feel, ease of use and performance.

To get more information from our users, we had the idea to make a user test, in which we made the user draw a bike. The restrictions were that it had to be a futuristic folding bike. We gave them just a blank sheet and a choice to draw with just a pencil or draw with colored pencils. The results were quite nice. But the main reason we did this, was to have someone look at our project. Feedback from another point of view is very important for our progress.

Here is an overview of what Bram has done with the assignments he got in the ‘User focus & Perspective basics’ lectures:

Context of use:

User: Young entrepreneur who travels a lot. They need our product, not because they aren’t skillful in folding a bike, but because it costs less effort. On the top of that, these people often have a tight time-schedule. With our product, they don’t spend as much time to fold and unfold the bike, as with a common folding bike.

Context:

A young entrepreneur wakes up, early in the morning. He decides to go to work by bicycle to stay healthy. After his breakfast, he takes his bike, which is lying on the table. He unlocks it and touches the flashing lights. The bike unfolds to its normal shape and it’s ready to use. The young man jumps on his bike and cycles to his workplace. Arrived at destination, he steps off his bike. He locks the bike again and touches the flashing touchpads. The bike folds itself to an easy to carry shape. The man carries it inside the building where he works and puts it in the corner of his office.

This process repeats itself when going home again.

5.1 Persona hypothesis Q-bike

1. Name and Title:

Finn O’Sullivan, car crash employee Alesbury.

2. Basics:

Finn is 25 years old, engaged, male and living in Castleblayney. He likes classic cars and is an early adaptor for Q-bike. His favorite color is blue.

3. Professional and personal background:

Finn graduated from Cork University and has worked as a car safety employee ever since. He likes to go to a pub with some lads in his spare time. One of his big hobbies is making car models out of sheet metal.

4. Quote:

Finn is very enthusiastic about Q-bike, but it needs some little changes as for the production. Finn thinks that the production isn’t efficient enough.

5. Technical background:

Finn is really good with computers and intelligent devices and uses them a lot for social media and references. He’s very cautious with his personal information, so he doesn’t download any files very often. He’d rather read the information online.

6. Favourite websites:
- http://www.google.ie/

- http://www.carandclassic.co.uk/
- http://www.modelcars.com/
7. Goals:

Finn has enough money to do what he wants. As long as the quality of the products he buys is excellent, he’s fine with it.

8. I need / I want statements:

Finn does care about the appearance of a product. Especially with a bike, since everyone can see you riding it. Finn cares about what people think of him, so this is an important aspect. Function and aesthetics are both very important in his opinion.

[image: image10.jpg]



After the analysis of the interviews and reactions on the sketches, I was able to set up a persona.

5.2 Persona Q-bike

1. Name and Title:

Finn O’Sullivan, car crash employee Alesbury.

2. Basics:

Finn is 25 years old, engaged, male and living in Castleblayney. He is interested in the latest technologies and is an early adaptor for Q-bike. His favorite color is red.

3. Professional and personal background:

Finn graduated from Cork University and has worked as an entrepreneur ever since. He likes to go to a pub with some lads in his spare time. One of his big hobbies is dealing high quality goldfishes.

4. Quote:

Finn is very enthusiastic about Q-bike, but it needs some little changes as for the production. Finn thinks that the production isn’t efficient enough.

5. Technical background:

Finn is really good with computers and intelligent devices and uses them a lot for social media and references. He’s very cautious with his personal information, so he doesn’t download any files very often, only his favorite music. As for the information he needs, he’d rather read it online.

6. Favourite websites:
- http://www.google.ie/

- http://www.ohgizmo.com/
- http://www.hqgoldfish.com/
7. Goals:

Finn has a reasonable amount of money, so he doesn’t have to be cautious with it all the time. As long as the quality of the products he buys is excellent, he’s fine with it.

8. I need / I want statements:

Finn does not really care about the appearance of a product. So riding an odd bike, while everyone stares at him doesn’t really bother Finn. You can say that he doesn’t care about what people think of him. Function and goes above aesthetics in his opinion.

The difference between the persona hypothesis and the real persona is, that the first one is an imaginary user, of who I think he’s an ideal user for our product. But after the analysis of the results of the interviews, I was able to set up a real persona. This displays an ideal user for our product, after we adapted the bike to this user.

Fortunately, I made a pretty good guess as for the hypothesis. The only big difference is that the user doesn’t care a lot about aesthetics and chooses for functionality instead. The reason for this, is that the person in the hypothesis has enough money to do what he wants, while the real user doesn’t have that amount of money. In such case, the user chooses for functionality above aesthetics, which is understandable.

Storyboard, folding bike. Our product:
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Storyboard, common folding bike.:
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The questions that belong to the results are the following:

1. Age?

2. Place of living?

3. Profession?
4. Brothers/sisters?

5. 
What are your hobbies?

6.
What are your favorite websites?

7.
What’s your favorite type of music?

8.
What’s your favorite color?

9. 
Do you wear a special brand as for clothing?

10.  What’s your favorite type of transportation to go to work with?

11.
Do you go to work by bike every now and then?

12.
How about the distance between home and work?

13.
What’s your opinion of folding bikes?

Scale judgment questions:

From 1 to 5, rate the following statements, with 1 is fully disagree and 5 means fully agree.

14.  I like cycling.

15.  I care about my health.

16.  I sport a lot.

17.  I am willing to go by bike instead of by car to save money and stay healthy.

18.  Folding bikes are easy to use.

19.  Functionality goes above aesthetics.

20.  I care about what other people think of me.

21.  The latest technologies are interesting.

22.  I like gadgets.

23.  I am willing to spend more money for a better bike.

24.  I like products that look futuristic.

	
	Anton
	Geert
	Marion
	Paul

	1
	24
	28
	27
	27

	2
	Mierlo
	Heeze
	Mierlo
	Mierlo

	3
	Teacher & entrepreneur
	Remedial
	Teacher & entrepreneur
	Accountant

	4
	1 Brother, 2 sisters
	2 Brothers, 1 sister
	2 Sisters
	1 Brother, 2 sisters

	5
	Aquarium, cinema
	Cycling, photography
	Being a mother
	Being a father

	6
	www.dumpert.nl

www.youtube.nl
	www.johnknoops.nl

www.ohgizmo.com
	www.youtube.nl
	www.facebook.nl



	7
	Punk, punkrock
	Folk
	Pop
	Classic rock

	8
	Green
	Red
	Red
	Blue

	9
	No preference
	No preference
	No preference
	No preference

	10
	Bicycle
	Bicycle
	Car
	Train

	11
	Yes
	Yes
	Yes
	No

	12
	+/- 8 km
	3 km
	0.5 km
	0 km

	13
	Useful when travelling partially with public transport
	They are useful, but not necessary. They don’t look that cool
	They are useful, but they look very ugly
	Not necessary, unless there is no public transport nearby

	14
	4
	5
	3
	3

	15
	4
	5
	4
	4

	16
	3
	5
	1
	3

	17
	5
	5
	4
	1

	18
	3
	3
	3
	3

	19
	4
	3
	4
	4

	20
	3
	4
	2
	3

	21
	4
	5
	3
	5

	22
	2
	5
	3
	4

	23
	5
	5
	4
	4

	24
	2
	4
	2
	3


Requirements:

Our criteria are: Type of requirement, description, Rationale (why is it important)

Functional requirements:

The most important aspect of our bike is that it folds without hinges. Therefore, we need a shape memory material. The material we are going to use is Veriflex, made by Cornerstone Research Group. With a little electrical signal, the material bends to a shape we want, when the electrical signal stops, the material will reshape to its original shape.

The rest of the frame will be made out of a strong and light material. We had a few options, like carbon fibre, aramide or bamboo. Bamboo is the one we all agreed to use. The bamboo must at least have a diameter of 6 cm to be strong enough to carry a person.

An interface is needed to tell the bike when it should fold. This interface will be a touchpad integrated in the upper bar. The headlight and the rear light will be a touchpad as well. Just by a gentle touch, the light switches on and off.

The interface also contains an option to adjust the saddle and the handlebar. This will happen fully automatically after the height is selected.

Overall, we may conclude that the interface is very important, because it controls all the functions that are available.

Look-and-feel requirements:

The look of the bike, according to the interviews, shouldn’t be too futuristic. The potential users didn’t really care about futuristic looks. We could care about the color: Red. Most of the favorite colors were red, so the bike should contain red parts.

The feel isn’t very important. This depends on what material we use for the frame, so this isn’t easily alterable. The only requirements, as for the feel, are that the saddle has to be soft enough and the grips on the handlebar are soft and made of a material, which doesn’t get very cold when it’s outside in the winter, like any metal.

Ease of use requirements:

Our interface is the main panel, so this has to be easy to use. To achieve this, the interface should be user friendly and accessible to people who aren’t very skilled in working with computers.

The most annoying thing about switching on the lights on a bike, is finding the button. We decided to abandon this, and introduce touchpads instead of buttons. Now the user doesn’t have to search for a button.

Furthermore, everyone knows how to ride a bicycle at an early age, so this isn’t an issue. The same thing when you ask someone what time it is. You can assume that the person can read a clock.

Performance requirements:

The bike should make the folding as fast as possible to make it more time-efficient than the common folding bike. Therefore, we need a powerful processing unit which makes the interface interact with the folding spots very quickly. There will be no delay between the touching of the interface and the actual folding of the bike. This is important, because we designed this to save some time and people don’t like waiting, especially when going to work.

As for the workload, the bike’s computer doesn’t have anything to do with it, since there’s no memory needed. The memory is already integrated in the Veriflex material. This will save some time and money.

The performance as for carrying a human, the bike should be strong enough. For this, we need some tough materials, like the bamboo as mentioned before. This is very important, because we don’t want the bike to fall apart, when somebody is sitting on it.

User test:

I made a user test for three of the four interviewed. The mission was to sketch a folding bike with, in their opinion, the latest technology and how it will look like in about ten years. After this test, I got several new insights, such as folding the whole frame in the inside of the rim.

What I liked about this test as well, is that other people, who have no experience with our concept, give an opinion about it. And the other way around: These people appreciated to be involved in our project. They were very enthusiastic.

On the top of that, I am a good listener, so the feedback was really useful to me, despite the tested didn’t know much about it.

These are the results of the tests with explanation from the user:
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The latest folding bike, with no spokes. The frame consists of only one main bar, which connects the front and the back. Lights are integrated in the frame. It’s made of a very strong material, since only one bar has to hold a person. The straight handlebar is for sporty cycling. 


The triangular frame provides strength. Between the bars we find a lightweight panel, which is aerodynamic. That’s also the reason why the bike is stretched. The spokes are of a new concept and will be used in the future. The lights are still external.



The bike folds itself in such way, that it fits inside the wheel. The battery is located here as well. The folding happens without hinges. This new material is able to either be strong and stiff, or weaker to make it easy to fold. No pedals are attached, because the bike is electric. 
6 Conclusion




Now here we are, when we finish this paragraph the Q-Bike project will be over. We had a really nice time doing this project, we have learned so much and we are happy with the end result. Even though we could have done things in a better way and we could have cooperated better, we are sure that we did a fine first project. We all received feedback from our assessor and coach and we will do our best to apply it in the next project.

Thanks to everyone who gave us feedback, helped us or improved our feedback in any way.
7 Appendices
7.1 Contact information

· W.J. Goossens, w.j.goossens@student.tue.nl, GSM: 0032489437924

· R.M. Pak, r.m.pak@student.tue.nl, GSM: 0624738030

· B. Vervoort, b.vervoort@student.tue.nl, GSM: 0634959983
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