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1.Introduction
	
	The aim of this technical report is to demonstrate several different materials and several different manufacturing methods for building bikes. The report will also include a brief history of the bike. Included within this report a suitable material and method will be established for the construction of the bike frame with sound reasoning behind both, method and material.

2.The history of the bike

	In 1817 a man by the name of Karl Friedrich Christian Ludwig Freiherr Drais von Sauerbronn or Baron Karl Drais as he is more commonly known, invented a device called the “Laufmaschine” (running machine). There were two wheels in line but no drivetrain there was a seat and rudimentary steering with what could be described as handlebars. 
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Yes, he had taken the very first step on the road that leads to what we know today as the bicycle. It didn’t last very long as it was quite heavy, it weighed about fifty pounds (22.6796 kilograms), not only that but it was quite difficult to ride. No sooner had it hit the streets it disappeared from the majority of European streets, a big concern was safety as there were no brakes and the streets around the time were in terrible condition, so riders rode on the pavement. Collisions with pedestrians were commonplace and the public throughout Europe were quite hostile towards this precursor to the bicycle (Historyofinformation.com, 2018)
A few decades later, there is much debate over who took the next step in the creation of the bicycle. Firstly, there was a man called Kirkpatrick MacMillan, a blacksmith from Scotland. It is said that he had invented a rear wheel drive, like that of a steam locomotive, with two treadles that were connected by rods to cranks on the rear wheels. However, there is no reliable evidence to corroborate these claims. The next candidate is an organ builder, carpenter and musical instrument maker, by the name of Philip Moritz Fischer, in contrast to MacMillan, Fischer’s bike has been proved without a shadow of a doubt. Fischer attached crank arms and pedals to the front wheel hub, along with a rudimentary brake system off a wagon. There is some controversy as to when he invented it though, it is said to be 1853 or 1855 that he invented it but, because it was not released to the public this date is highly controversial as it was not patented and is not documented in a conventional way. The first person to put a patent on attaching pedals to the wheel hub was Pierre Lallament. Unable to get any success from his home town with his bicycle design he moved to Paris where he met the Olivier brothers (Rene, Marius and Aime) and Pierre Michaux. These people are responsible for creating the first factory to mass produce bikes, all made of wood, they were called velocipedes, more commonly known as boneshakers because of the discomfort you would get from riding down a cobbled street (Bicyclehistory.net, 2018)
The 1870’s was the next big step with the introduction of the big front wheel so one rotation would take you a lot further, with rubber tyres instead of steel this was a much smoother ride than the boneshaker. More advancements came over the next one hundred and twenty-six years, including but not limited to: pneumatic tyres, metal frames, metal chain, thinner tyres, lighter frames and bikes made specific to requirements (road bike layout for the road mountain bikes for off-road etc) to name but a few (Iml.jou.ufl.edu, 2018).

3.Manufacturing Materials
	
	Bike frames can be constructed from numerous different materials, not limited to just metals or carbon fibre. As mentioned earlier the earliest forms of bike were created out of wood with wheels that looked like wagon wheels. Where as modern frames are made of composites like carbon fibre, or maybe steel or aluminium. The properties of these materials differs quite a lot and the each have their pro’s and con’s. 
	Steel
Steel’s Pro’s-Steel is relatively cheap and easy, as a raw material the costs are almost negligible (less than one pound per kg of steel). With high grade steel the ride comfort and quality are outstanding, and it is very durable unlikely to snap if it does bend. Even if it does break then it would be relatively easy to repair or recycle.
	Steel’s con’s- Steel is heavy probably the heaviest material currently in use in the bike manufacturing industry, it would be hard to mould steel without compromising its structural integrity so aerodynamics on a tubular frame are an issue. If not made correctly or too light or if the steel is of poor quality, then the frame can be overly flexible and finally it rusts which again could lead to structural problems.
	Aluminium
	Aluminium’s pro’s- Super light-weight frames can be made from aluminium, it is also cheap and easy to mass produce with a lot of stiffness so there would be great transference of power. It is also quite a durable material, so it would be quite tough. Aluminium can also be recycled.
	Aluminium’s con’s- Aluminium doesn’t always react well with carbon fibre so it could corrode, it would weaken over time, it is hard to repair and finally due to the stiffness it could be an unpleasant ride.

	Carbon Fibre
	Carbon fibre’s pro’s-  Carbon fibre can be moulded to almost any shape, so aerodynamics would never be an issue. It also has an incredibly high tensile strength and considering how light it it’s the strength to weight ratio is outstanding. Carbon fibre doesn’t corrode, and every part of the ride comfort or stiffness can be controlled during the manufacturing process depending on what is required.	
	Carbon fibre’s con’s- Carbon fibre is incredibly hard to repair, it is also very expensive scratches or cuts that can affect structural integrity could potentially cause a part to break without warning, perhaps following a crash or something similar. The quality could also vary wildly if the lay up is done correctly or not, if not done correctly then this could lead to a catastrophic failure. One of the biggest drawbacks is that once carbon fibre has fulfilled its usefulness it can not be recycled.
	
	Titanium
	Titanium’s Pro’s- Titanium is used for armour plating in military vehicles so it is quite literally bomb proof, and rust proof and it has a high resistance to metal fatigue. Titanium has a very good strength to weight ratio and has a very nice ride quality, close to that of steel in-fact.
Titanium’s Con’s- Titanium is another very expensive material, the manufacturing process is quite expensive too involving intensive labour and a skilled frame builder. Titanium is also quite hard to repair and finally sometimes the light-weight frames can seem to be too flexible (British Cycling, 2018).

 Wood
  Wood’s Pro’s- Wood is a very broad term for a material however certain woods are incredibly good at absorbing vibrations, so it gives an incredibly smooth ride. As a material it can be incredibly cheap to acquire and can even be made quite cheaply too. Wood can be quite mouldable, by that I mean a form of stiffness or rigidity can be incorporated into any frames design. Wood can give terrific durability and once it reaches the end of its useful life it can be recycled quite easily. Wood can also be crafted with some simple tools in a garden shed without the need for expensive welding equipment or 3D printers or harsh chemicals (Montgomery, 2018).  
Wood’s Con’s- Wood, again as a broad term, has varying properties, it can be very light, it can be very heavy, it can be very weak or very strong, it can be water resistant or absorbent. This is one of the downfalls of wood is that it can be too unpredictable the correct wood would need to be chosen to have the correct durability and stiffness as well as the ride quality and flexibility that would be required. Grain direction and knots within the wood could also be an issue. 
4.Manufacturing methods
 
	When making a bike frame there are numerous different methods that can be used depending on the materials that are going to be used. Metals can be bent or welded, and wood can be carved or even layered, carbon fibre has different ways in which it can be formed. Bike frames are made with a mainly tubular shape throughout, aluminium, steel and titanium tubes can all be bent to form the desired shape to reduce the need for too much welding. Carbon fibre and wood however are very different stories. For each part the is made for a carbon fibre bike a mould would need to be made the carbon fibre would be inserted, layered in the correct manner this is called the layup. Wall thickness can be controlled quite easily though with the type of resin or the amount of layers included in the part (YouTube, 2018). By that I mean depending on the part that’s made the orientation of the fibres would need to be aligned in a different way otherwise the part would be useless if done incorrectly. Wood, also can’t be bent like metals, it can be built up in layers which can be bent to a certain extent. Through a process called glue lamination, using stock wood cut into thinner pieces set to a shape and glued together in many layers, a structure or frame can be built that can be stronger and may be lighter than the original wood that was used in the beginning (YouTube, 2018).

5.Conclusion
[bookmark: _GoBack]	When looking at the best course of action to follow in the construction of a bike frame there is one thing that really stands out, that is what happens after it is finished with. In that respect the wooden bike would be the better choice due to its durability and the fact that there are numerous companies already making wooden bikes, one of which has a lifetime warranty, says a lot really, with some engineering the wooden frame could be made that would last a lifetime. The process for this would be the lamination process as proven with carbon fibre layer would seem to be the key and if this can be achieved with wood we would have both a super light-weight and durable bike frame but it would also be greener for the environment dramatically reducing our carbon foot print and leaving a very good legacy for future generations.
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