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[bookmark: _Toc531294518]Executive Summary 

Firstly this report was written to analyse some of the material and manufacturing processes involved in the making of Carbon Fibre bike frames. Secondly it will determine what materials are used in the making of carbon fibre.  Also it will highlight the main ways and processes that bike manufactures use to make the bike frames and why. Lastly this report will also talk about other process that are used to make carbon fibre bike frames and their advantages and disadvantages, also stating some other materials that can be used. 
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[bookmark: _Toc531294519]Introduction 
The primary composite for the majority of Carbon fibre is the organic polymer “Polyacrylonitrile” roughly 90% of carbon fibre is derived from Polyacrylonitrile and the other 10% usually comes from rayon or petroleum. However, the exact composition differs between manufacturing companies. This polymer is subject to heating processes with the addition of gasses, where it is turned into carbon fibre. (how is carbon fibre made, 2018)
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Figure 1 shows the mechanical properties of Carbon Fibre (CFRP, Epoxy Matrix (isotrope) CES 2)
The earliest uses carbon fibre date back to 1879, “Thomas Edison baked cotton threads or bamboo silvers at high temperatures, which carbonized them into an all-carbon fibre filament.” (What is Carbon Fibre, 2014 ) 
Currently carbon fibre is made from processes that are half mechanical and half chemical. Long strands of Polyacrylonitrile fibres are separated and then heated in an anaerobic environment. The environment has to be anaerobic or without oxygen in order to stop the fibres from burning. Polyacrylonitrile is known as the precursor for carbon fibre. The strands of polyacrylonitrile have a diameter of roughly 5-10 microns. During this heating, the atoms undergo carbonisation. This heat causes the atoms to vibrate and eventually just the carbon atoms will be left. The end product is a fibre made up of “long and tightly inter-locking chains of carbon atoms” in theory, there should only a handful of atoms left that aren’t made up of carbon. (What is Carbon Fibre, 2014 )
Prior to the fibres undergoing carbonization they need to have their chemical bonding altered, the atoms need to be more chemically stable otherwise they will not carbonize correctly. To be able to do this the fibres are heated up roughly to somewhere between 200-300 degrees Celsius. They have to be exposed to air during this process to allow for the fibres to attach to oxygen molecules in order for them to alter their atomic bonding structure. 
After being stabilized the fibres are subject to carbonization, this part of the process takes place in an anaerobic furnace. Inside the furnace the non-carbon atoms are lost, they are lost either as gasses or water vapour. “The carbon atoms that are still in the furnace start to form crystals that are extremely tightly bonded” according to (how is carbon fibre made, 2018)
After the atoms have been carbonized the carbon fibre is oxidized, by doing this it gives the carbon fibre better bonding properties. The process of oxidization is performed by surrounding the carbon fibre in gasses such as air and carbon dioxide. The carbon fibre can also be submerged in liquids such as sodium hypochlorite or nitric acid.  This process has strict criteria it must meet as if there are any defects on the surface it could cause the fibre to fail, and therefore resulting in a product that does not meet the industry standards nor the health and safety. The fibres are then coated, this is done so the fibres are protected for when they have to go through the weaving process. Common resins that are used to coat the fibres are epoxy, polyester and nylon. The fibres will then go onto be spun, this leaves the fibres “twisted into yarns of various sizes”. (how is carbon fibre made, 2018)
Carbon fibre has many appealing properties such as its corrosion resistance, it is very rigid, fatigue resistance and its high tensile strength. However, one of its best being its strength to weight ratio. This is what makes it so appealing to many industries and one of the most common being the cycling industry. (Carbon fibres: production, properties and uses, 2018)
 Figure 1 shows Carbon Fibres mechanical properties 
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How are carbon fibre bike frames made

Carbon fibre is used so widely in the bike manufacturing industry as it currently offers greater stiffness and strength than any other reinforced composites. It is also relatively easy to mold and cure which is also appealing as bikes require very specific geometry. 
Bladder Molding 
One way of making the carbon fibre frame is Bladder moulding. This involves sheets of carbon fibre (laminates) and uncured resin being wound round an inflatable bladder. Uncured resin is usually known as “Pre-preg” (bladder assisted composite manufacturing , 2018) the uncured resin reacts with heat. Pre-preg sheets are stored in freezers until they are needed in order to keep them uncured, this helps ensure that when they are used there is more of an even coverage. This bladder with the fibre wrapped around it is then put inside a mold. Pressure is applied inside the bladder which causes the bladder expand, thus pushing the wound fibre out towards the inside of the mold. Once the bladder if fully expanded heat is applied and this causes the fibre to harden “cure”. Even though Polyacrylonitrile is a thermoset polymer, it degrades before melting and does not melt under normal conditions which makes it suitable to use. This method of making the bike frames is very popular as it allows you to make complex hollow shapes which is ideal for making bike frames. (italica bladder molding , 2018) It can also be used for mass production as it is quick and the bladder can be re-used many times. 
The laminate fibre rolls can all run in the same direction. Ensuring that all the fibres run in the same direction offers maximum strength and stiffness, however this is only in one direction. Some manufacturers use this technique and keep the fibres in one direction, this is called unidirectional laminate. Another way to achieve strength in all directions is to weave the fibres together into a continuous matrix with polyester or epoxy resin. This will provide equal strength in all directions rather than just one direction. However, by using a matrix effect can lead to localised bending “as the fibres weave past each other” (Velocite/carbon fibre, 2018) The best way to achieve ultimate strength is to use patches of unidirectional pre-preg laminate in different directions. 
A disadvantage with Bladder molding would be that sometimes it can be hard to get the bladder out from the middle of the mold without damaging the structure, and also air can become trapped between the laminate layers resulting in defects. “This process can be overlooked as it requires an oven or an autoclave to cure the part”. (bladder assisted composite manufacturing , 2018)







Figure 2 shows unidirectional fibres
(Black magic:how carbon fibre bicycle frames are made, 2018) (Velocite/carbon fibre, 2018)
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Figure 3 shows an engineering layup diagram, laminate laid in different directions (how the resin transfer molding process works, 2018)

Resin Transfer system mold (RTM)
This method of molding is the most effective for mass production, it is mainly used for articles with large surface area, complex shapes and items that need a smooth finish which is why it is appealing to the cycling industry. However, it is only good if you want to produce standardised or limited items, as it you wanted to change the shape slightly you would have to make a whole new mold. 
This process involves the carbon fibre being injected as well as the resin being injected at the same time. A mold is created in the shape of the finished product, the composite and the resin will both be injected in, the air will vent though small vents at the top of the mold.  The injection process must guarantee that the resin and the composite completely mix or “impregnate”.  If complete impregnation does not occur, “dry spots will occur and there will be adhesion missing between the layers” (how the resin transfer molding process works, 2018). This is a disadvantage to this process. An advantage to this process would be that you could guarantee that there would be little to no air able to get between the laminates meaning that there is less likely to be deformities. 









[bookmark: _GoBack]Figure 4 shows the Resin Molding Process
(how the resin transfer molding process works, 2018)

Filament Winding 
An alternative method of making carbon fibre bike frames would be filament winding. This involves ribbons of dry carbon fibre being wound around a fixed mandrel. The mandrel is usually made out of aluminium or steel, the mandrel can be cylinder in shape or it can be the shape of the end product depending on the manufacturer. If the mandrel is cylinder in shape the end product will have to be machined into the correct shape, which can result in a lot of waste. Instead of having the resin already in the laminate sheets it is instead applied whilst the sheets are being wrapped. The laminate can then be completely wrapped in heat shrinking tape which creates more pressure. The whole assembly is then subject to heat and pressure in which time it cures. 
Filament winding is a more time consuming process than bladder molding, this process isn’t very efficient when I comes to batch processing as every separate part has to have resin added. However, it is a good option when it comes to custom designed bikes. Bladder molding and transfer molding are better for mass production as the same mold can be used numerous times and with Bladder molding the laminate is already mixed with the resin. 

Quality Control, design guidelines and Ethnicity
Joins are not ideal in composites are they are have a major weakness factor, this is because the fibres are not able to bridge the gap. Manufacturers should try to design their molds with as little joins and screw points as possible to maintain maximum strength and to keep the bike light. However, there will have to be joints so to overcome this two or more laminates usually are joined together using adhesives, this is done to try and make sure that there is an adequate joining to maintain strength. The fact that the laminates are overlapped will dramatically reduce the risk of failure. Holes want to be avoided when laminates are involved, they considerable reduce the strength factor. (Velocite/carbon fibre, 2018)
[image: https://www.velocite-bikes.com/images/Tensile_Strength.jpg]The strength of composites depends on the fibre-resin composition. To strengthen a fibre firstly you increase the amount fibres in the fibre-resin ratio, secondly you lay the fibres parallel to the loading direction. The longer the fibres the stronger the composite will be and better at compensating applied loads. However, longer fibres cost more to make and they are also more difficult to work with when manufacturing. Shorter fibres are easier to work with and process, making them cheaper but not as strong. 
Figure 4 shows a graph plotting tensile stress against tensile modulus (Velocite/carbon fibre, 2018)


With regards to most things environmental conditions affect carbon fibre. The strength of carbon fibre is affected. If air is present during the heating process it can stop the other gasses reacting correctly and therefore resulting in a product that isn’t as strong and has deformities as it interferes with the bonds.  Fatigue loading, moisture and heat can all reduce strength in the composites. 
· Carbon fibre will undergo numerous quality checks before it is deemed OK. Some of the checks include; “Coalescence” this will show how many fibres are stuck together. This test will require a sample size of 24K. If the reading comes back with a high Coalescence this could result in low tensile strength.
·  The “Spool hardness” is also tested to ensure that the spools are not wound too tightly or loosely. 
· The density of the fibre is tested during the oxidation process, it is also tested after the LT and HT furnace. This will show how effective the process conditions are. 

Carbon Fibre costs a lot to make, it roughly uses fourteen times more energy to produce than steel. Also the process that is used to make the Carbon Fibre emit a lot of greenhouse gasses. However, it has a much longer life span than that of steel as it does not corrode, fatigue or degrade like steel and other metals do. Meaning that you should only have to make one Carbon Fibre part where you could be making many steel ones, which does make it fairly ethical and environmentally friendly. Carbon Fibre like steel and many other metals can now be recycled. In order to recycle carbon fibre it has to be shredded resulting in shorter fibres which are not as strong but it can still be reused. (is carbon fibre better than steel , 2018)
















[bookmark: _Toc531294521]Conclusion

Carbon fibre is an amazing material and can be used in many industries, its weight to strength ratio is the greatest of all composites. It is so versatile and as discussed it can be molded in various different ways to suit many manufactures needs. Its properties can also be changed very easily which makes it appealing to so many different industries. However, the processes used to produce Carbon Fibre are not very good for the environment as they emit a lot of greenhouse gasses, much more than the manufacturing of steel and other metals. On the flip side Carbon fibre does not degrade, fatigue or corrode when produced correctly unlike many metals. Which intern means that you shouldn’t have to make as many carbon fibre products as you shouldn’t need to replace what is already made. 
Carbon Fibre is expensive when compared to other materials that can be used to make bike frames. Bikes can be made from Steel and Aluminium, both these metals are much cheaper to buy, manufacture and don’t produce as many greenhouse gasses when they are being made. Aluminium is not as light and as stiff as Carbon. It also is said to be a “harsh” ride (carbon, aluminium, steel or titanium, 2017) Steel can also be used and has many of the same advantages as Aluminium, however it is much heavier. This doesn’t appeal to many customers as many of the people buying Carbon Fibre bikes as they usually want something extremely light weight yet strong. And in theory is you spend a bit more on a carbon fibre bike it should last longer than a metal one unless it becomes damaged. 
Bladder molding seems like the best option to obtain maximum strength as you are able to lay unidirectional laminates in patches resulting in maximum strength in all directions. The frames should achieve maximum strength providing no air gets trapped between the laminates. Also you are able to use this in mass production. 
To conclude I think that Carbon Fibre bike frames are significant to other metal options, as they provide huge strength yet are light weight and resistant to many elements. Hopefully research will allow us to minimise the amount of Greenhouse gases produced and eventually the cost will depreciate. 
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