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[bookmark: _Toc213071194]Introduction
[bookmark: _Toc213071195]Overview of carbon fibre in motorsport 
In motorsport carbon fibre has been one of the, if not the most prevalent material used due to the desired properties of the material and is used in a vast majority of motorsport. Carbon fibre is used for a multitude of purposes from the cars body work to helmets to the wheel guns used by the pit crew.
[bookmark: _Toc213071196]Importance and relevance of carbon fibre 
Carbon fibre is so important, especially in motorsport because of the requirements that are expected from it. For safety reason certain properties are needed to prevent injury of the driver and spectators and carbon fibre is also crucial for performance gains on track, helping achieve faster lap times.
[bookmark: _Toc213071197]Aim and objectives of the report
In this technical report the key objective is to understand exactly why carbon fibre is used in motorsport. Furthermore, looking at the factors which may impact the consumers’ choice to choose carbon fibre based on various limitations. Finding examples in motorsport to see how it’s adapted and to see where it was used effectively.

[bookmark: _Toc213071198]Background 
[bookmark: _Toc213071199]History of carbon fibre use in motorsport 
In motorsport carbon fibre was first introduced in 1981 by the Mclaren Formula One team. The idea was to build the entire monocoque out of carbon fibre for the MP4/1, some early testing revealed that carbon fibre may not be ideal. When developing there were doubts from engineers, however through further development and structural and assembly changes, using different weave patterns (Figure 1) and curing it correctly resulted in material with extremely sought-after properties. Despite their success, they still needed to refine shaping the material so five separate sheets of carbon fibre were used to complete the MP4/1 monocoque. Shortly following the success of the MP4/1 carbon fibre would become the standard in Formula One. 
[image: Carbon Fiber Weaves: What they are and why to use them - Elevated Materials]
Figure 1 - Olliges, R. (2019) ‘Carbon Fiber Weaves: What they are and why to use them’, Elevated Materials. Available at: https://www.elevatedmaterials.com/carbon-fiber-weaves-what-they-are-and-why-to-use-them/
[bookmark: _Toc213071200]Properties of carbon fibre 
Many people think carbon fibre is a magical material that outperforms all other materials. However, what makes it special is the ability to possess multiple properties at one time that match the performance of top materials in their respective categories. The property that reaps the most benefit in motorsport is the high strength-to-weight-ratio, especially important in F1. Consequently, cars can accelerate, brake and maneuver through corners to a higher degree while maintaining safety for the driver. Furthermore, other properties that incapsulate safety include high thermal stability, ensuring prevention from a heat excess reaching the driver in the cockpit.
[bookmark: _Toc213071201]Manufacturing methods 
Manufacturing Carbon Fibre requires a precise set of steps for an ideal result. You first begin with prepreg, this is a flexible sheet that is a combination of fibre and resin which can vary in size and thickness. Having a mould ready laying the prepreg inside, then layering different breather sheets over it. The process autoclave is then used to dramatically increase air pressure and temperature while a vacuum is used to reduce cold spots and thus cure the material. It was essential that the layers of breather sheets were applied earlier as they squeezed out any excess and unwanted resin as the vacuum and pressure were applied.
[bookmark: _Toc213071202]Applications in car components 
Carbon fibre is used for a vast array of uses in motorsport incidentally there are many areas where the use of it would negatively impact a vehicle’s performance in competitive motorsport. Applications where the composite is used extensively in highly competitive series is the chassis, underfloor, bodywork, suspension and gearbox and aerodynamic areas such as the rear wing and front splitter. On the contrary, carbon fibre wouldn’t be seen inside particular parts of the vehicle like the power train due to extremely high temperatures exceeding 900˚C degrees. Carbon fibre starts to soften at 200˚C and can burn at 400˚C hence this would be detrimental to any car’s performance. Other limitations are also at stake such as regulations which often tailor towards sustainability and environmental impacts. Financial constraints are also a factor that needs to be considered due to the extravagant monetary nature of motorsport.

[bookmark: _Toc213071203]Discussion 
[bookmark: _Toc213071204]Performance benefits 
Despite the appealing aesthetic of carbon fibre this isn’t the main reason why it is so heavily used throughout motorsport, it’s about performance. To start, looking at something which would generally harvest the most lap time on a circuit, weight. This material is unfathomably light, as the resin and carbon are not atomically dense however when cured together it maintains that property but develops new traits in the process. One property is stiffness, ‘the fact of being hard and difficult to bend or move’ due to the strong covalent bonds that form during the autoclave process (Oxford Learner’s Dictionaries, 2025). Physical and thermal fatigue is also a trait carbon fibre possesses able to withstand high heat and continuous strain however its brittle and once it reaches a certain load it doesn’t just deform slightly, it fully breaks. With these benefits that carbon fibre exerts this means that motorsport can be significantly safer, preventing or limiting the deaths and injuries that unfortunately occur in motorsport. 
[bookmark: _Toc213071205]Limitations / challenges 
In the manufacturing process it is encouraged that shortcuts to reduce total expenditure are advised like increasing batch size or reducing staff. Too extreme in either direction may hinder the overall quality. Furthermore, finding the golden balance is important to maintain high material standards whilst not expending unnecessarily on workforce. Carbon fibre is marketed as expensive due to the skilled labour, energy, attention, and the raw materials (precursor) used to fabricate the highly sought-after material. Making up to 50-75% of the production cost is the most common precursor, polyacrylonitrile (PAN)(Nunna et al., 2019).  High energy cost is also a factor when manufacturing carbon fibre, requiring hours of stabilization at 200-300˚C and temperatures up to 1500˚C during carbonization, taking a large toll on the total time and monetary expenditure. Looking at the environmental impact because of the production of carbon fibre is not generally positive. Recycling carbon fibre to manufacture it back into the original high-performance material is difficult due to the fibres embedded in the resin and the properties deform and end up being less desirable. On the contrary, carbon fibre can be recycled in a cost-effective manner to create lower performing products.
[bookmark: _Toc213071206]Case studies 
Safety in motorsport is of the upmost importance due to the lethal cases that are more inclined to happen when the protection of the drivers is overlooked, using materials that wouldn’t provide energy absorption. Carbon fibre however is the main material that is favoured when the possibility of life-threatening accidents is a risk. The high tolerance to absorb energy is crucial in series such as F1 and Le Mans due to the average speed of travel when cars could lose control.
 An example of this was at the Circuit of Spa-Francorchamps where Cadillac Hypercar driver lost control during a 6-hour endurance race at eau rouge where he made an impact with the wall causing him then to spin, leaving the car totally wrecked. Fortunately, the dissipation of the kinetic energy spread the impact, not focusing it all at a specific point.
Comparatively, having the ability to withstand a substantial amount of thermal energy. The Romain Grosjean crash in Bahrain where the collision caused a fire, the high tolerance for heat and slow heat transfer was ultimately the property that kept him alive maintaining the monocoque structure preventing it from deforming.
[bookmark: _Toc213071207]Comparison with other materials 
When comparing to other materials Aluminium and steel are often used, they also both have many desirable properties that would be useful within a motorsport setting. Furthermore, it’s difficult to compare these materials because unlike carbon fibre metals are isotropic. This means that depending how a material is put under stress it performs the same because their atomic structure is uniform, however other factors like shape and thickness do also need to be taken into consideration when measuring different properties. 
Carbon fibre, unlike aluminium and steel can harness different grades (modulus) which are predetermined from the layup, with different grades outputting different results (Carbix, 2019). Even the common modulus outperforms steel and aluminium when looking at the strength to weight ratio. Comparatively looking at the high-grade modulus, this performs by an even greater amount, approximately five times more. This is one of the most important factors in motorsport as fuel and time per lap can be saved.

[bookmark: _Toc213071208]Conclusions
[bookmark: _Toc213071209]Key takeaways
Carbon fibre in a motorsport setting is significant due to the properties it possesses, enabling cars to become faster for entertainment all whilst helping ensure safety and maximising prevention of injury. The high expense of carbon fibre is now clear, not just a focus on the attributes but the costly manufacturing and raw materials that are required to produce.
[bookmark: _Toc213071210]How carbon fibre meets or falls short of objectives 
The environmental impact is an area that still requires attention, finding different applications when the material isn’t in use anymore. While it can be recycled the applications are often very limited. However, the use of it in motorsport is exceptional, minimising the damage to the vehicles and maximising the drivers and spectators safety. 
[bookmark: _Toc213071211]Implications for motorsport design and future developments
The design for carbon fibre technology will still develop to understand if manufacturing costs can be reduced, injuries are limited, recycling options are widened and improved properties to see if marginal gains are possible on track. Keeping this material innovative is key to see growth in all areas, to see how far this material can be pushed.
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