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1. [bookmark: _Toc230729764]Introduction 
Throughout this report diverse types of composites will be analysed to gauge the quality of specific components depending upon their application within motorsport. Material tests are conducted to establish an understanding of the stresses the specific composites can experience. Analysis of the the restrictions when using these materials, such as Co2 output as well as cost of manufacturing the component will be conducted.

2. [bookmark: _Toc2064287584]Literature review
The use of composites within the motorsport industry is becoming more frequent. They are used to improve the strength of the components and, or to comply with emissions/legislation requirements. With this increased use, an understanding of various composites and how different manufacturing processes are used to obtain the superior finish has been achieved. One of the biggest issues with composites at the moment is that when they have a compressive or tensile strain applied the fibres become very weak. When a material is paired with resin the composite achieves a higher durability when under load. This composite achieves a balance in stress to strain, however, fails when high levels of stress and strain are applied together or independently, in comparison to various metals. The levels of tensile stress and strain can be varied by using various grades/ratios of fibres and resin. A fibre resin compound is commonly used for body work components as it is not as structural integral such as opposed to chassis and suspension components. However, due to recent improvements in the quality of composites some key vehicle parts such as the cockpit of f1 vehicles are now being made out of Zylon composites due to their high strength properties making them great for safety. (Rebecca Shortland, 2024)
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[bookmark: _Toc197250592][bookmark: _Toc197259299]Figure 1. Stress vs Strain graph for fibres, resin, and composites (Jemma Hatton 2019)

There are multiple different manufacturing techniques used to create composites. Some of these techniques are wet lay-up, wet spray up, resin infusion and prepreg, information about these can be found in the appendix. They each have different attributes and are therefore used in different scenarios. For example, Carbon fibre uses prepreg as the composite needs to be heated and cured in order to maintain its shape.

a. [bookmark: _Toc1539086850]Composites used within motorsport 
Looking at some common composites used within motorsport can give a good insight into what makes them suited for certain scenarios and why they are preferred over others.

i. [bookmark: _Toc328226391]Carbon fibre
One of the most commonly used and widely known composite materials is carbon fibre, due to its high strength to weight ratio. The material achieves this by having Carbon crystalline atoms form in a crystalline configuration that are situated parallel to the fibre axis (A. Hassani, A.R. Khataee 2017). Carbon fibre is an expensive material and is therefore generally used by motorsport competitions with larger budgets. Carbon fibre can be recycled; however, it is uncommon due to the cost and effort required to remove the carbon from the resin. To make the carbon fibre woven it takes looms to weave into a cross section of carbon fibre sheets in bi-directional or multi-directional (FAIRMAT 2024).

ii. [bookmark: _Toc1198584680]Fibreglass
Fibreglass is made from glass fibres that are either flattened, woven, or randomly arranged into a fabric. These glass fibres can be made up of different types that are made for specific purposes with E-glass being specialised for electrical, C-Glass for chemical and S-Glass for structural (PHELPS 2025). S-Glass is the most common used for structural components within motorsport due to it being a cheaper alternative to carbon fibre. As well as this, better metals are used for chemicals due to the safety concerns around flammable fluids. Fibre glass can unfortunately not be recycled back to its original state; however, it can be downcycled into fibreglass that is not as strong as its previous state.

iii. [bookmark: _Toc74428926]Kevlar
Kevlar is stronger and slightly lighter than fibreglass. The material has an increase in strength due to the polymer chains being highly controlled in the manufacturing process leading to stiffer fibres (Jemma Hatton 2019). Kevlar is stiffer than carbon fibre and significantly stiffer than fibre glass, however the reason for them not being commonly used in industry is the cost to manufacture. They are often used in safety aspects of motorsport due to the material being lighter and better resistance to higher temperatures. 


3. [bookmark: _Toc1242396678]Material testing
A range of various composites including Aluminium was chosen to show how they work when a tensional load is applied to the material. The average between the two groups were taken and applied to tables and graphs to get a representation of the result from 14 tests.
High speed tests were conducted, however after looking at the max stresses the materials can withstand as well as the difference in values from test to test, the values were too inconsistent and therefore not evaluated further.
a. [bookmark: _Toc686712877]Testing procedure
The testing procedure is similar to standardised testing ASTM D3039 (Add Composites 2024) and therefore could have a few differences in the results compared to other tests. Each test was carried out twice. Below is a step-by-step process on how to conduct the test:
1) Set the jaws of the clamps a distance apart, the material should fit into both ends of the clamp without tension being applied to the material.
2) Record the CSA (cross sectional area) of the material at the centre of the material for each run
3) Tighten the clamps to reduce the chance of the material slipping
4) Slowly move the clamp down to add some small amount of preload to the material to set the change in stress to be recorded instantly.
5) Set the load back to 0 on the rig
6) Set the clamp to slowly pull the material down to simulate a slow tensile load being applied to the material in the real world
7) Keep going until the material fails (the machine may identify this and stop by itself)
8) Repeat the test for the same material then complete for all the other materials. 
9) Once other steps are done, instead of pulling the material slowly, pull the material away fast to simulate a sudden load being applied and create a fast break.
Note- the appropriate PPE of glasses should be used throughout the experiment
To test the tensile strength of various materials ‘dog bone shaped’ materials were clamped in either side of the jaws. The larger surface area at the ends of the material is to increase the surface area that the jaws can clamp onto, this gives a better grip and a more accurate representation of the material’s tensile strength. 
It must be stated that a fast break by pulling the end of the material quickly away from itself was done however, as stated earlier, due to the inaccuracy in the data the results cannot be comparable and is not covered in this report.
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[bookmark: _Toc197250593][bookmark: _Toc197259300]Figure 2. Testing rig (left), 'Dog bone shaped' aluminium material (right)

b. [bookmark: _Toc862942584]Material results
As expected, the carbon woven with and without epoxy gave the overall best results in terms of the max stress the materials can receive before failure. This is due to the natural strength of the carbon material also having been woven into each other to give additional strength. The epoxy gives a slight improvement compared to natural BIO resin; this is as expected due to BIO resins being better at strain of material compared to the epoxy which is better at stress of materials. The improvement in stress of the epoxy is that when additional chemicals are added to the BIO resin the chemical structure changes (Carlo Boursier Niutta, et al. 2023). From the visual results it is also clear that the carbon was the best at withstanding stress, due to it shattering, whilst aluminium had necking and Kevlar had unwoven strands, as shown in figures below. Also, when comparing the woven and non-woven Carbon fibre together there is a difference in how they failed with the non-woven failing in an uneven/unpredictable manor, whilst the woven fails with one clean break perpendicular to the material.
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[bookmark: _Toc197259301]Figure 3. Carbon woven BIO resin
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[bookmark: _Toc197259302]Figure 4. Carbon non-woven BIO resin
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[bookmark: _Toc197250594][bookmark: _Toc197259303]Figure 5. Aluminium material test 
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[bookmark: _Toc197250595][bookmark: _Toc197259304]Figure 6. Kevlar material test




[bookmark: _Toc197250596][bookmark: _Toc197259305]Figure 7. Maximum stress for various material tests

Kevlar does give strong results throughout and would be the 3rd best material in terms of its max stress. Even with this high stress the material failed not through a stress concentration in the traditional fashion, but due to the strands of the fibres being significantly more visible and tends to pull apart due to how this Kevlar composite is made, as shown in figure 6. Furthermore, when comparing the results from the tests to industry results (ANSYS 2022), there seems to be differences for the majority of the results, however the Kevlar results are significantly lower and therefore leads to stress results that are much lower than as expected with industry (test values around a 10th of industry values).
Interestingly the stress the aluminium can withstand is not much superior when compared to the other materials. This is due to it being able to withstand stresses for longer periods without failure, however it reaches its UTS (ultimate tensile strength) quickly. Composites like carbon fibre tend to have a small plastic deformation region, whereas aluminium’s is much greater, leading it allow for some necking of the material before failure, as shown in figure 5.


[bookmark: _Toc197250597][bookmark: _Toc197259306]Figure 8. Time against stress graph for various materials (the average time against stress for various materials)

Flax and hemp struggle to withstand the stresses of other materials. This is due to them being made from organic materials, in particular the stems of plant in a process called retting. The fibres are separated and spun into a yarn like thread in which fabric can be made from (University of Wisconsin-Madison, date unknown). Therefore, due to them being made from natural materials that typically results in them being less chemical property controlled. However, due to them being made from natural material the process to manufacture this is much cheaper and has a lower Co2 footprint (ANSYS 2022).

c. [bookmark: _Toc442250533]Comparison to industry test and reliability of results
Interestingly all the results seem to have significant differences in the results compared to industry stated max stresses. Some materials had a smaller difference than others, such as flax non-woven, whilst Kevlar has a significant difference. The comparisons were made to ANSYS Granta 2022, due to all the test being done in the same way as well as other tests from various sources don’t specify the number of layers they use in the tests, making it had to compare from various sources.


[bookmark: _Toc197250572][bookmark: _Toc197250600][bookmark: _Toc197259310]Table 1. Material tested mean max stress of the test compared to industry
	material
	Aluminium
	Carbon non-woven
	Carbon woven
	Carbon woven epoxy
	Hemp non-woven
	Flax non-woven
	Flax woven
	Kevlar

	Tested mean max stress (Mpa)
	116
	178
	338
	387
	26
	43
	78
	254

	Industry tested max stress (Mpa)
	300
	250
	500
	627
	200
	44
	155
	2750

	% Difference
	158
	40
	48
	62
	684
	2
	99
	983



These differences can stem for various reasons, one of which is the slipping of the materials in the clamps when the loads are applied. Even though some additional mesh material was applied to reduce of the chance of slipping, it was not mitigated completely. This could be improved through the addition of coating where the material is clamped to reduce the chance of slipping further. Secondly, the material test differences could be due to the different number of layers included in the clamps. Industry results do not suggest how many layers, or thickness of the layers used. Leading on from this further, how the materials were layered up could lead to differences. If the materials structure is different, then that can lead to differences as materials may not be layered up at 45 degrees to one another or the curing process may not be the same. Also the resin used to merge the layers together could be different. The testing procedure can be considered to have been carried correctly as the results from the various testing groups gave reasonable results apart from the few clear outliers. However, the methodology behind the testing procedure may be slightly different to industry as mentioned previously in the testing procedure section.

4. [bookmark: _Toc768678279]Composite life cycle analysis
In this section materials will be broken down into the implications of the material being used, whether this is the application of the material, or the emissions produced. Also considered; plausible solutions to alleviate issues that stop or limit a use of a material.

a. [bookmark: _Toc258026212]Emissions produced/ Recyclability
The emissions that are released during the manufacturing process needs to be considered, as the world and specifically motorsport scrutinise CO2 emissions. However, if a product is recyclable it should be noted that the CO2 emissions will be less throughout its lifetime as the composites do not have to be manufactured again. All composites are non recyclable, whereas metals such as aluminium can be recycled. It should be noted that carbon fibre has recently begun to become recyclable, however this is a fairly recent development and the cost behind recycling is significant and is currently only conducted on a small scale. These challenges result in carbon fibre still being effectively non recyclable. Even though all the composites are non recyclable they are able to be downcycled, where they can be turned into an original composite of a reduced quality. The hemp and flax are the only biodegradable materials, due to them coming from natural materials and therefore the minerals can be replenished into the ground. There is an argument to be made between the importance of whether a component is more important being biodegradable or recyclable. Until the percentage of a material that is recycled is increased, the biodegradable option is going to be the better solution. Once the recycling of materials increases, the CO2 pollution from the production of a new biodegradable material will be more than that from recycling of existing materials.
As expected, currently carbon fibre manufacture produces the highest amount of CO2. It is a complex composite and uses a significant amount of chemicals when compared with natural materials. Carbon woven epoxy shows the highest amount of CO2 produced, due to the difference coming from the epoxy in comparison to the BIO resin. In the table below it can be seen that epoxy produces about 2.5kg more of CO2 compared to BIO resin. This is because epoxy is made through the use of chemicals rather than natural BIO resin.

[bookmark: _Toc197250573][bookmark: _Toc197250601][bookmark: _Toc197259311]Table 2. Co2 production and recyclability of materials
	material
	Aluminium
	Carbon non-woven
	Carbon woven
	Carbon woven epoxy
	Hemp non-woven
	Flax non-woven
	Flax woven
	Kevlar

	Kg of Co2 produced per Kg of material
	13
	15
	47.5
	50
	1.6
	1.1
	3.1
	13

	Recyclability
	ü
	û
	û
	û
	û
	û
	û
	û

	Downcycle
	ü
	ü
	ü
	ü
	ü
	ü
	ü
	ü

	Landfill
	ü
	ü
	ü
	ü
	ü
	ü
	ü
	ü

	Biodegrade
	û
	û
	û
	û
	ü
	ü
	ü
	û



b. [bookmark: _Toc504179763]Legislation and the shift to the use of composites
With motorsport becoming greener, showing that they are using sustainable methods is an effective way of present a strong green public image. This can be accomplished by trying to be efficient between races and from factory to track by producing lower CO2 emissions. There is not a lot of legislation around the use of composites within motorsport, as the performance of the vehicles still remains a priority, along with maintaining a high level of safety. As mentioned previously composite materials often have a weakness which could lead to accidents and is why metals are still frequently used within motorsport instead of composites. Furthermore, the materials that can withstand high levels of stress may cost more than the standard metals and as a result are not used. For smaller motorsport teams and individual competitors, they simply do not have the financial back up to shift to composites such as carbon fibre and therefore use cheaper materials. It needs to be stated that the CO2 produced is purely from the manufacturing of the material and does not include the transportation or the mining output of CO2.

c. [bookmark: _Toc2100628114]Cost of manufacturing and techniques used in the process
When looking at the cost involved with the manufacturing of the materials, there are some clear differences between the various materials. One of which is Aluminium and that it is more expensive than previously thought. This is due to the prices being calculated on the sheets. Compared to other materials little labour is required to achieve the desired design. It is widely known that Aluminium is a material that can be easily manipulated into endless amounts of shapes due to the malleability of the material, making it easy to manufacture. If the manufacture is done with massive quantities, production can then use a sheet press operated by robotics, further reducing the time and cost. If smaller quantities are required, then aluminium would likely be made by hand at a higher cost.
Carbon fibre is not that expensive until it is woven. This is due to the carbon fibre non-woven being a straightforward material, however it is needed to be woven to increase the strength of the material. This can be done by machines however it is still complex due to the carbon sheets needing to be finely split to produce a better quality. Also, the labour involved in fitting the carbon to the desired shape is where the resultant cost increases, the fitting is time consuming and reasonably complex in order for the production to be executed correctly. Carbon fibre often uses the prepreg process, as the carbon fibre is heated up to fit the mould much better and maintain its shape after being released from the mould. The prepreg process would also increase the CO2 to manufacture carbon fibre due to the energy needed to heat up the material.
Hemp and flax have the lowest price and the flax woven only increases in value due to the complexity of the weave as mentioned previously. Like carbon fibre, hemp and flax need to be shaped to fit the desired design and this can be conducted by various methods, commonly through the use of wet lay up or resin infusion. The natural materials are not ideal for the chopper in the wet spray up process and are not able to withstand high temperatures used in the oven section of prepreg. Both hemp and flax are gathered from the stems of plants and therefore the cost is not the machinery as such it is the cost and time involved with turning the stems into flax and hemp fibres.
Kevlar is one of the most expensive as a natural sheet, however the cost involved in getting the material to behave in its desired shape is more complex and is one reason as to why the material is expensive compared to other materials once manufacturing costs have been taken into account. 

[bookmark: _Toc197250574][bookmark: _Toc197250602][bookmark: _Toc197259312]Table 3. Price table for various sheets of 1m^2 materials (composites from easy composites 2025 and aluminium from ANSYS Granta 2024)
	material
	Aluminium
	Carbon non-woven
	Carbon woven
	Carbon woven epoxy
	Hemp non-woven
	Flax non-woven
	Flax woven
	Kevlar

	Price per m^2 sheet
	10.15
	6.72
	18
	20
	1.47
	3.6
	13.15
	12.43







5. [bookmark: _Toc1792120596]Conclusion
When looking at the tests for the various composites evaluated, Kevlar is the best in terms of its strength and would be the best option, however due to the cost of Kevlar once it has been manufactured, it is only used in a few specific scenarios, typically safety components such as seat belts (Aston Martin F1 2021). With cost in mind the use of hemp and flax is a suitable alternative and generally in the cost to strength ratio it is a better option than Kevlar. Carbon fibre is used due to its strength being great and for motorsport there is more financial backing. 
When considering the CO2 of the materials, carbon fibre is by far the worst and especially with it being non-recyclable and not biodegradable when compared to hemp/ flax as alternatives. Therefore, when considering the material that is being used several objectives need to be balanced out. 
Further test on other composites, such as fibre glass would be good to get an idea of its material properties. Future innovations in manufacture and reusing may change the material choice.
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7. [bookmark: _Toc2031875989]Appendix
i. [bookmark: _Toc449852612]Wet lay-up method
A wet lay up is generally used for smaller and more intricate design projects as machines cannot be used, is labour intensive and time consuming due to the curing process. A reinforcement material such as carbon fibre is cut to a chosen dimension and then a resin layer is applied to the surface of the material and then applied to the mould. Multiple layers can be used to add additional strength to components. The mould maybe curved, and the material will be laid carefully on the designed mould to remove air that is trapped underneath and achieve a high quality finish. The mould is then left to cure and become solid and then the project is carefully extracted from the mould (USQ centre for future materials 2018). Once cured the part can be cut to fit the design as needed. The reinforcement material tends to be made from various fabrics due to the ability of being able to shape them into chosen designs once a resin is applied. Carbon fibre wet lay up is not commonly used due to the quality tending to be about 80% of comparable methods such as resin infusion or prepreg which is covered latter on (Matt - Easy Composite 2020). It is useful for making one offs or for prototypes.

ii. [bookmark: _Toc1291503418]Wet spray up
The wet spray up process is similar to the wet lay-up method, however with the wet spray up method the reinforcement is not covered in resin and multiple layers of material in the same way. They are applied by a chopper and a semi-high pressure resin gun shoots the resin and pellets at the mould to create a covering of resin as a reinforcement coat, as shown in the figure below. Layers can be applied to this coating by respraying and gives additional strength. As with the lay up method the covered mould is left to cure often with heat to produce a final solid composite part. This can be done by machines; however it is often done manually as a visual indication of the need for additional layers is used to improve quality of the coatings (USQ centre of future materials 2018).
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[bookmark: _Toc197250598][bookmark: _Toc197259307]Figure 9. Wet lay-up diagram (UK composites, date unknown)

iii. [bookmark: _Toc789876159]Resin infusion
Resin infusion is a process where a mould has a piece of fabric applied to the inside and then a vacuum bag like seal is applied to the entire mould. The air is then withdrawn from the vacuum and the resin liquid starts to flow through the gap between mould and bag, as shown in figure 10. Having the resin completely sealed off from the air ensures a good quality part with no air pockets and it is unlikely that the final result will have to be scrapped which would happen if air enters (USQ centre of future materials 2018). Once the resin has gone through it is left to set and then the vacuum section is released from the solid resin and the mould to give a thin final product.

[image: Diagram of a vacuum bag
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[bookmark: _Toc197250599][bookmark: _Toc197259308]Figure 10. Wet lay-up diagram (UK composites, date unknown)

iv. [bookmark: _Toc1754778665]Prepreg
Prepreg is commonly used for carbon components and can start off with either a standard of with a dry reinforcement, or a resin impregnated reinforcement that only needs to be laminated and then it should not start to cure until heated. Following on from this a template is taken from the mould and then material is cut and fitted against the surface of the mould. It is then vacuum sealed to improve the quality. With this more layers can be applied by following the same process. Once all the layers are done they are left in the vacuum bag and placed into an oven to cure. Once finished the material can then be removed from the mould and a finished component is produced (easy composites 2018). Finishing of the component can be done to improve the quality further. This is generally completed manually as only larger simple components can be accurately completed by robotics.
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Max stress (Mpa)




Time against Stress for various materials
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Stress (Mpa)




1 
 	 
1 
 	 
1 
 	 
image1.jpg
Prifysgol Cymru

Y Drindod Dewi Sant
University of Wales
Trinity Saint David





image2.png
Tensile Stress

Fibre

FRP Composite

Strain




image3.jpeg




image4.jpeg
ALUMINIUM





image5.png
[
S —




image6.png




image7.png




image8.png




image9.png
Continuous

Chopping mechanism .~ "oVing
d «—Liquid resin

Resin spray and
chopped fibres

Nozzle

Sprayed resin layer

MOULD




image10.png
RESIN=» VACUUM PUMP =
Vacuum Bag

Sealant

RESIN FLOW =

MOuULD o
Peel ply and/or resin
Fibre reinforcement distribution fabric




