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Motorsports has always been about making the vehicle faster and lighter giving the driver the best chancing at winning. Since the start there has been a lot of technological advances to increase the speed of a vehicle, which has been done through a multitude of different ways. One of these ways is to reduce the weight of the vehicle.  One of the most effective ways of reducing weight is to change out your materials for lighter ones and to use less materials. Within recent times the introduction of carbon fibre reinforced polymers (CFRP) has changed motorsports. Now carbon fibre components are used in most race cars today and have replaced traditionally used metals such as steel and aluminium. 
Formula one started using carbon fibre in the early 1980s.  The McLaren MP4/1 was the first car in Formula one to use a full carbon fibre monocoque chassis. This new change was made because the carbon frame proved to be a lot stronger and stiffer while being the fraction of the weight when compared to metal frames, and therefore quickly becoming the industry standard.  In modern day motorsports CFRP plays a massive role, improving the cars performance through weight reduction while also increasing the driver’s protection in crashes due to its strength.
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[bookmark: _Toc213565384]What are carbon fibre deposits
Resin matrix and thin strands of carbon fibres are the two parts which are used to make carbon fibre composite. The resin (usually epoxy) holds the carbon fibre strands together and helps with energy displacement.  The carbon fibres possess a hight carbon content and are extremely small at about 5-10 micrometres in diameter, these pieces are woven into different patterns depending on what it needs to be used for. (Lin et al., 2021) These fibres and the woven pattern are what gives the carbon fibre its stiffness and strength.  Once the resin is pored over the fibres its left to cure under intense heat and pressure using an autoclave.

[bookmark: _Toc213565385]Why carbon fibre is used in motorsports
Cars in motorsports need to able to accelerate, brake and corner as efficiently as possible.  By reducing the cars overall weight this massively improves the cars abilities.  The density of carbon fibre is 1.6g/cm3 which when compared to other metal such as aluminium with a density of 2.7g/cm3 and steel with a density of 7.8g/cm3 shows that carbon fibre at the same volume weighs far less.  Carbon fibre is five times lighter than steel and surprisingly is also five times stronger than steel. This is why Carbon fibre is far superior over steel and why it’s now a better option when it comes to modern day race cars. The structural strength of carbon fibre also allows it to resist bending and twisting which allows the car to handle better and allows for great aerodynamic control. Carbon fibre also is corrosion resistant and has great fatigue resistance which makes it a perfect material to use in motorsports where components must handle the extreme conditions while being reliable.

[bookmark: _Toc213565386]Historical development
In 1981 McLaren had a breakthrough with that PM4/1 formula one car.  During the Italian grand prix in 1981 driver John Watson had a high-speed crash. The impact ripped the rear section clean off the car. Watson fortunately survived the crash, and the accident showed the strength and safety that carbon fibre had.  The car had the first ever carbon fibre composite monocoque chassis which remained intact after the crash and was credited with saving his life.  This crash showed that carbon fibre had new potential within the motorsport’s world.  After the crash every major motorsport category started implementing carbon fibre into their cars.

[image: F1: The McLaren that changed Formula 1 history]
Picture 1, shows the McLaren MP4/1 carbon fibre monocoque 1981 (Piola and Somerfield., 2022)
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[bookmark: _Toc213565388]Strength and structural performance 

Carbon fibres strength and high stiffness is one of the main reasons to why it is used in motorsport. Its tensile strength much higher than most steels at around 3,000-4,000 MPa, yet it weighs a lot less. This means that very rigid chassis structures can be designed while having less mass than if it was made from metal. It is important to have a stiff chassis, this allows the suspension to work affectively, if that chassis is weak and it bends or twists when under pressure the cars handling will become unpredictable making the car dangerous to drive. Using a monocoque made from carbon fibre helps maintain consistent suspension geometry, therefore improving the grip the car has and the driver’s confidence.



	Materials Name
	Materials Type
	Tensile Strength
Σu
(MPa)
	Density
ρ
(kg/m3)
	Elastic Modulus
E
(GPa)

	Steel
(S355)
	Alloy
	500
	7850
	210

	Carbon Fibre
(High Strength)
	Composite
	7060
	1820
	294

	Aluminium
(AA6082)
	Alloy
	150
	2710
	71

	Laminated Fibreglass
(FR4)
	Composite
	317
	2000
	24













Table 3, shows Carbon fibre has a Higher in tensile strength than steel and aluminium (Billah et al.,2024)


[bookmark: _Toc213565389]Weight reduction and performance

The weight of a car greatly affects its performance. The lighter the car the faster its acceleration is and the shorter its breaking distance, lighter cars can also corner better, and this is why manufactures try and make their cars as light as possible. Carbon fibre composites strength to weight ratio is five times greater than steel making it the perfect replacement for steel. Formula one cars built using carbon fibre weigh around 800 kg, whereas if it was made from aluminium or steel, it would weigh hundreds of kilograms more.  This reduction of weight allows the car to preform much better and allows teams to position ballasts more strategically around the car making it achieve a better weight distribution, improving the balance and cornering stability of the car.  Teams also use carbon fibre for wings, body panels and suspension parts which reduces both sprung and unsprung mass due to carbon fibres low mass.  The use of carbon fibre lowers the unsprung weight improving the speed of which the tyres follow the track surface, giving better traction and comfort.

[bookmark: _Toc213565390]Safety advantages

Despite the extreme stiffness of a carbon fibre monocoque its incredibly good at absorbing impact energy.  This is due to the fact that the layers of fibre breaks apart in a controlled manor when in an accident. This causes the energy to spread outwards reducing the impact on the driver.  A Survival cell is used in all modern race cars which are completely made from carbon fibre.  These cells have energy absorbing crash structures at the front and rear.  Real life crashes have shown how affective the carbon fibre is, as it can protect drivers in accidents exceeding 200 km/h thanks to its ability to absorb energy. This shows that carbon fibre is much safer to use than metals, as metals can bend and transfer more energy into the cockpit.

[bookmark: _Toc213565391]Challenges and future Developments
Carbon fibre has a lot of advantages, but despite this it also has some challenges.
One of the drawbacks is its cost.  The production of carbon fibre requires skilled workers to lay each layer by hand which is a skilled and time-consuming prosses. Furthermore, it’s also very hard to make repairs and damaged areas are often completely replaced. This is because the damaged epoxy resin is very difficult to chemically bond to and requires the fibre to be laid in the same layering method and orientation as the original fibres.  Carbon fibre use thermoset resins meaning it can’t be melted down and reshaped making it hard to recycle. Researchers are currently trying to find ways to recycle the carbon fibres to make it more sustainable to use.  Formula E is currently trying to find alternative ways to make carbon fibre by looking at using natural fibre reinforcement and environmentally friendly resins as possible ways to make it in the future.


[bookmark: _Toc213565392]Conclusion

Carbon fibre composites have changed the design and performance of motorsport vehicles. Its exceptional strength combined with its low weight and high stiffness allows teams to make cars which are both faster and safer. The carbon fibre monocoques proved too be far superior when compared to a metal chassis.  This change was first made by McLaren with the MP4/1 in 1981, which was the turning point for carbon fibre within motorsport racing.
The use of carbon fibre on race cars reduces the weight of the vehicle, the car gains faster acceleration, shorter braking distances and improved cornering. The vehicles handling and down force also improves with the stiffness of carbon fibre, allowing the aerodynamic components to keep their shape under a lot of pressure, helping to generate a consistent downforce. Carbon fibre’s ability to absorb and dissipate impact energy make it the ideal material to use as it helps protect drivers in high-speed crashes. The combination of these benefits makes carbon fibre the ideal material to use and is why most top levels of motorsports use it today.
However, carbon fibre does have some disadvantages, like its high production cost and difficult when it comes to repairing damage meaning that not all racing categories have the money to be able to afford carbon fibre. The lack of ways to recycle thermoset resin means that there are environmental concerns. These concerns have also encouraged research into thermoplastic and bio-based composites, meaning that carbon fibre could become more sustainable in the future.
Overall, the combining strength, safety and lightness achieved by carbon fibre composites has shown that it’s been an important innovation within motorsports.

References


Billah, M., Chowdhury, M.A., Hossain, N., Iqbal, Md.J., Khan, F., Mim, J.J. and Rahman, S.M.M. (2024). Advances of Composite Materials in Automobile Applications – A Review. Journal of Engineering Research, [online] 13(2). doi:https://doi.org/10.1016/j.jer.2024.02.017.
Lin, G., Vaidya, U., Wang, H. and Zhang, J. (2023). Past, present and future prospective of global carbon fibre composite developments and applications. Composites Part B: Engineering, [online] 250(110463), p.110463. doi:https://doi.org/10.1016/j.compositesb.2022.110463.
Piola, G. and Somerfield, M. (2022). F1: The McLaren that changed Formula 1 history. [online] www.motorsport.com. Available at: https://www.motorsport.com/f1/news/the-car-that-changed-formula-1-history/4779400/.



image1.jpeg
Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David




image2.jpeg
ees





