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[bookmark: _Toc197263872]Introduction

This report aims to analyse the performance of different advance engineering composites based on both mechanical and environmental performance. Using Tensile strength data and environmental sustainability data a decision on what materials should be used in the motorsport industry can be made. Composites such as carbon fibber, Kevlar, flax and hemp were all tested with different resins and different layup methods as well to get a better understanding of how the composite can be altered. 



[bookmark: _Toc197263873]Literature Review
This section looks at some background on composites. 
[bookmark: _Toc197263874]Composite History 
A composite is a material made by combining at least two different materials resulting in a new material with altered properties. Erly examples of composites include composite bows made from Mongols in 1200AD, they were incredibly effective for the time and made from wood, bamboo, bone cattle tendons and silk bonded with pine resin (Archery Historian, 2018). the mix of different materials allowed for the bow to deform when drawn and return back to the original shape when released with allot of power. [bookmark: _Toc197263892]Figure 1: Mongol Bow (silkroadbows.com, 2024)


[image: Mongolian bow vs English longbow - Silk Road Bows]
Usually, the two materials are known as the polymer matrix, resin, and the reinforcement agent, fibres or particles. Fibers can carry load along their length therefore providing strength and stiffness, however when under compression or bending loads the fibres are very weak. By embedding the fibres in a resin the fibres are bonded together and allows them to handle compressive loads better as well as shear loads as the fibres are able to work together (Gemma Hatton-Deputy, 2019).

[bookmark: _Toc197263875]Composites in motorsport
Composites have made a massive impact in the motorsport industry with the majority of components in modern Formula One cars being made from composites, “composites components now account for 85% of todays Formula 1 cars, but only roughly 20% of the weight” (Gemma Hatton-Deputy, 2019). light weight components have a massive impact on lap time and handling of the vehicle so teams in almost all motorsport categories strive to get the car to the minimum weight of the series. 

[bookmark: _Toc197263876]Carbon fibre 
Carbon fibre is one of the most popular composites used in the motorsport industry due to it having one of the heights specific strengths (strength to weight ratio) of any material being 1800KSI. This over 400% higher than that of 6061 Aluminium being 350KS and 330% higher than that of 4130 steel being 417 KSI. However, the materials used and methods used to construct carbon fibre can effect its mechanical properties. the fibres can be made from different materials with a high carbon atom content, common materials are polyacrylonitrile (PAN) or pitch and are paired with different types of resins such as epoxy (strongest), vinyl ester and polyester.  
In the process of carbon fibre manufacturing as well as making components out of carbon fibre there are several draw backs in the sustainability of the material. To make the carbon fibbers, it involves an energy intensive process of heating the material, PAN or pitch, to high temperatures ranging from 1500°C to 3000°C. in addition to this PAN is derived from petroleum therefore placing its dependence on the fossil fuel industry.  Finally, there are end of life concerns attributed with the use of carbon fibre, this is especially important consideration in the motorsport industry due to the consumption of the material. There is a critical lack of efficient recycling methods for carbon fibre, which is common for allot of different composites, traditional recycling processes of shredding degrades the fibres and therefore reduces the quality and limiting there uses. One uses of recycled carbon fibre is forged carbon which uses shredded carbon fibre and can be packed into a mould and cured with a resin to form new components. As the carbon is placed in the resin randomly the mechanical properties are reduced and thus it uses is limited to low stress components (NitPro Composites, 2025).


[bookmark: _Toc197263877]Kevlar 
Kevlar is a common alternative to carbon fibre and is commonly used in areas where flexibility and durability are crucial. It is favoured in for safety critical uses such as ballistics protection and crash structs where deformation to allow for energy dissipation is important. Thes would include chassis components, crash helmets and bullet proof vests. In addition to this, it has better heat resistance than carbon fibre so can be used in environments that are or will be exposed to heat.   Kevlar is a type of fibre known as an aromatic polyamide (aramid) and the fibres can be spun or woven into mars or fabric similar to carbon fibre (NitPro Composites, 2025). It is commonly used to replace fiberglass body parts in modern race cars such as the Renault Clio time attack car in fguer2.  Similar to carbon there are allot of issues with the sustainability of the composite. One of the main substances used in the manufacture of Kevlar us sulphuric acid, which is very toxic to wildlife if disposed of incorrectly. Kevlar can be recycled although this is mainly don in the defence industry (dexcraft, 2020). 
[image: Carbon Kevlar Panelled Time Attack Race Car - Easy Composites][bookmark: _Toc197263893]Figure 2: Renault Clio Time attack car (Easycomposites.co.uk, 2025)




[bookmark: _Toc197263878]Alternative composites 
As an alternative to common composites, such as carbon and Kevlar, natural fibres can be used to create composites. Flax fibres are naturally occurring and are harvested from the stem of the flax/ linseed plant. Flax is becoming increasingly popular due to its sustainability advantages; Flax fibres require between 2 and 5 times less energy than glass fibre to produces per unit wight. If harvested in an environmentally conscious way the overall carbon emissions can be negative due to the carbon capture during its growth. Flax is suited to almost all the same layup methods as carbon fibre but due to the properties of the material it can be difficult to hand lay without reinforcement bridging in corners of contours and is recommended to be used with a vacuum bag due to the swelling of the material. Flax fibre for low density reinforcement have a higher resin uptake resulting in thicker components, this will be higher than carbon or glass fibres for the same given wight of reinforcement. Usually, the mix between flax and resin will be 1:2. It is also common for Bio based epoxy to be used due to the reduced environmental impact. Similarly, hemp is a natural fibre is harvested from cannabis plant and is commonly used for non-structural components such as door cards or other non-structural components. Hemp is brought as matts of non-woven fibres as can be seen in figure 3. 
[image: HF-NWM-100-480 Fibrilight Hemp Fibre Non- Woven Mat][bookmark: _Toc197263894]Figure 3: Hemp composite matt (Easycomposites.co.uk, 2025)














[bookmark: _Toc197263879]Methodology for material testing 
This section will investigate the method for testing different composites to see how they perform and use this to decide on the most suitable materials for the motorsport industry. 
The following materials were tested 
· Aluminium- used as a base line and to validate the tensile testing machine 
· Woven carbon fibre – both with epoxy and bio resin
· Non-woven carbon fibre- with bio resin 
· Kevlar- with bio resin 
· Flax woven- with Bio Resin 
· Flax non-woven- with bio resin 
· Non-woven hemp- with bio resin 


[image: Several pieces of paper with different colors of straps on a table
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[bookmark: _Toc197263895]Figure 4: composite sample tested

[bookmark: _Toc197263880]Tensile testing 
The type of testing that was to be conducted was tensile testing where a tensile testing machine seen in figure 5 was used to apply a constant load of 0.05 meters per second. To start the test the samples the cross sectional is needed to be measured with a vernier calliper so that the stress of the material could be calculated. Once this was done the sample can be loaded into the vices and the actual test could start. From this point it is important to follow the appropriate health and safety precautions to ensure the users safety. Safety goggles were worn from this point as well as keeping a safe distance from the machine before the loading could begin. The samples were also preloaded to avoid shock loading which would have affected the results. The machine would pull the sample apart under constant loading of 0.05m/s until failure. The results then could be exported into Excel and compared. 
[image: A machine with a plastic cover

AI-generated content may be incorrect.][bookmark: _Toc197263896]Figure 5: Tensile testing machine








[bookmark: _Toc197263881]Aluminium validation 
A

[bookmark: _Toc197263897]Figure 6: Graph showing aluminium tensile test
As can be seen in the results in figure 6 for aluminium the results are offset from each other from the different groups. This is down to the fact that the pre- tensioning was done manually which introduces human error. Tests where the sample was over tensioned, such as group 5, fails sooner as it is already under load. the general trend for the material is the same through the different tests and shows the initial loading in the elastic region (A), ultimate tensile strength at the peak (B) and then the slow failure of the material that represents the ductility of aluminium (C).
A comparison to data gathered from Granta shows the similarity of the data gathered. The aluminium composition was not known and therefore aluminium 1200 was used. 
	
	Empirical data (Mpa)
	Granta data (1200)
	% difference to lower value

	Ultimate Tensile Strength 
	116.5 
	119-131
	2.1

	Yield strength
	93.3
	109-121
	14


[bookmark: _Toc197263888]Table 1: Aluminium validation
[image: ]From the comparison it is observed that the UTS of the material falls well below the 10% error that is used as a common baseline for lab testing. However, the Yield strength sits at 4% above the suggested accuracy, this could be linked to several factors. The first is the exact material is unknow as well as the supplier, variances between suppliers could also mean a change in the quality of the material which would change the performance. [bookmark: _Toc197263898]Figure 7: Aluminium sample

[image: ][bookmark: _Toc197263899]Figure 8: neaking


 From figures 7 and 8 neaking can be observed in the failure of the material. This is unique to ductile materials and shows the plastic deformation after the material reaches its UTS. 



[bookmark: _Toc197263882]Results 
This section will look at comparing the different composite materials. For the comparison only one groups results were used, as long as they followed the trend, so that the photo comparisons are also showing the same behaviour. 

[bookmark: _Toc197263883]Carbon fibre Vs Kevlar

[bookmark: _Toc197263900]Figure 9: Graph showing composite tensile loading

the results in figure 9 showed that woven carbon fibre with epoxy resin had the highest tensile strength with average value of 388.5 Mpa.  When compared to the Bio resin alternative, which had a tensile strength of 372 Mpa, it was 4.4% higher. This suggest that the impact of using a bio resin for woven carbon composites is low and a small impact on the strength of the component. Both figure 10 and 11 showed the same patten of failure as well with a sudden and straight crack through test piece with no indication of delamination. This show that the bio resin will keep the allot of the same properties of epoxy when used with woven carbon fibre as it does not make the component any less brittle. 


[image: A close-up of a piece of carbon fiber

AI-generated content may be incorrect.][image: A close-up of a piece of carbon fiber
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[bookmark: _Toc197263901]Figure 10: woven carbon fibber with Bio resin sample

[bookmark: _Toc197263902]Figure 11: Woven carbon fibber with epoxy resin sample 


Next a comparison between woven and non-woven carbon fibre can be made. From the results the non-woven carbon fibre had an average of around 175 Mpa which is 46.7% lower than the woven alternative. This shows that it less suited to high stress environments such as being used to make structural components or aero devices that make high amounts of load. As the fibres aren’t woven together the load can’t be spread across the component which leads to a lower UTS. In addition to this the component is more likely to shatter as the load paths are more random, this can be seen in figure 12. The random nature of failure is also seen as the cracks aren’t straight lines across the sample. 

[image: A piece of paper with a picture of carbon fiber

AI-generated content may be incorrect.][bookmark: _Toc197263903]Figure 12: Non-woven carbon fibre sample









the final comparison from this graph is between Kevlar and the carbon fibre alternative. Kevlar has an average UTS of 356 Mpa which is 8.4% lower than carbon fibre. This makes it a good alternative as it can withstand similar loadings. However, Kevlar can be observed to fail in a different way, point A in figure 13 shows a drop on stress as the sample is loaded. This suggests the delamination of the fibres in the component and deformation would increase. at point B critical failure can see. In figure 14 the crack looks allot different to the more brittle carbon in figure, The split ends of the Kevlar shows the delamination and failure in 2 stages. B
A
[bookmark: _Toc197263904]Figure 13: Graph showing tensile loaing of Kevlar



[image: A close-up of a piece of fabric

AI-generated content may be incorrect.][bookmark: _Toc197263905]Figure 14: Kevlar sample




   





Theas results can be compared with  the data sheets to test the accuracy of the results. The table bellow shows theas reasults, it alos uses the equation for the rule of matixis to calculate the logitudinal tesnsile strength (upper limit) and the transvers stress (lower limit) from the data sheets asming a 50:50 ratio unless stated. The closer to each limit shows how most of the load is being applied from the rsults in tabel 2 iit is hown that for the woven matirals at 45 degrees most of the loading is transvers. 



[bookmark: _Toc197263889]Table 2: tensile loading results Vs supplied data

	Matiral
	Avrage UTS between groups
	Tensile strength of fiber
	Tesnile strength of matrix
	Upper limit
	Lower limit

	
	Mpa
	Mpa
	Mpa
	Mpa
	Mpa

	Kevlar
	335.28
	3000
	68
	1534
	132.98

	Carbon, woven, bio
	372.9
	4120
	68
	2094
	133.79

	Carbon woven,epoxy
	390.5
	4120
	68.5
	2094.25
	134.76

	Carbon, Non woven, Bio
	175.3
	(data for resin to fiber of 70:30)
	
	330
	290













From table 2  it shows that all the matirals fall between the upper and lower bounds of UTS of the composit. Howver they fall on the lowere side suggesting that more of the fibers are being transversly loaded rather than longitudinal. For carbon non woven with bio resin the values were given on the data sheet from easy composits but no indiaction to the type and strength of epoxy used. in addition to this they state that as the mat is recycled the values must be considerd as an aproximate.

[bookmark: _Toc197263884]Flax vs Hemp 

[bookmark: _Toc197263906]Figure 15: graph showing results of tensile loading of alternative composites
The results showed that a Woven flax composite was the strongest with an average UTS of 64.35 Mpa, which is 83% lower than woven carbon fibre with epoxy. This shows that the synthetic composites are allot stronger even when mixed with the bio resins, this would show that they are suited to different uses where they would experience lower stresses. Figure 17 shows a similar failure to that of woven carbon where a straight crack propagates through the sample. the unwoven hemp was the weakest with an average stress of 32.05 Mpa and was 50.01% lower than woven flax. Figure 18 also shows a more random type of failure like the unwoven carbon fibre, the location of the crack was in different positions which would suggest the failure can be linked to defects in the material. 

[image: A close-up of a label
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AI-generated content may be incorrect.][bookmark: _Toc197263907]Figure 16: Non-woven flax Bio resin sample
[bookmark: _Toc197263908]Figure 17: Woven Flax Bio resin sample








[image: A piece of hemp material

AI-generated content may be incorrect.][bookmark: _Toc197263909]Figure 18: Hemp sample




[bookmark: _Toc197263890]Table 3: tensile loading of flax and hemp vs supplied data
	Matiral
	Avrage UTS between groups
	Tensile strength of fiber
	Tesnile strength of matrix
	Upper limit
	Lower limit

	
	Mpa
	Mpa
	Mpa
	Mpa
	Mpa

	Flax woven
	64.35
	Based on 29% mix 
	
	61
	58

	Flax Non wovwen
	48.95
	Based on 18% mix
	
	44
	37

	Hemp
	32.05
	Based on 40% mix 
	
	108
	46




From the comparison to the data sheets in table 3 it is shown that the results dose not sit inbetween the upper and lower limits. This is could be put down to a different ratio of resin used to make the composite samples or using a different type of resin to the data provided. 
[bookmark: _Toc197263885]Environmental considerations 

As well as the mechanical properties of the component’s environmental considerations need to be made to assess the impact of composite choice. In motorsport the restrictions due to emissions or other environmental factors aren’t as strict and therefore can be overlooked. However, in recent years the drive to Net zero has entered the motorsport industry and as such the impact of component manufacturing must be assessed. F1 published a sustainability goal which looks at recycling, reusing or composted. To compare the materials metrics listed below were used for available materials on the grant data base.
· Primary production climate change – how much Co2 is produced to make 1Kg of the material 
· Primary production Embodied energy – how much energy to produce 1Kg of the material 
· Processing Co2 – how much Co2 is produced to process the material through a chosen method, in this case the minimum and maximum values were taken for all methods. 
· Processing energy- how much energy to process the material. 

[bookmark: _Toc197263891]Table 4: Environmental impact
	Material 
	Primary Co2
	Embodied energy
	Processing Co2
	Processing energy

	
	Kg/Kg
	Mj/Kg
	Kg/Kg
	Mj/Kg

	Carbon fibre, woven, epoxy
	44.1-48.7
	634-699
	0.266-0.857
	3.33-13.4

	Kevlar 
	12.5-13.7
	244-270
	0.198-3.36
	2.48-42

	Hemp 
	0.827-0.911
	10.3-11.3
	0.198-0.218
	2.48-2.73

	Flax fibre 
	2.94-3.24
	39.2-43.2
	N/A
	N/A



From the results it is illustrated that Hemp possesses the lowest environmental impact with it outputting 98% fewer Kg of carbon dioxide than carbon fiber and 71% fewer than a flax composite. Carbon fibre has the biggest environmental impact demanding high energy costs to make the carbon fibre composite as well as use it to create components. The minimum energy required is 3.33 Mj using a compression moulding method  and the highest of 13.4 Mj using a resin transfer mould. Kevlar had the highest possible energy usage for processing of 42 Mj required to produce a pre preg sheet. As the processing values aren’t directly comparable the primary values will be used to influence the material choice. 
[image: Making Complex Carbon Fibre Tubes Using a Split-Mould][bookmark: _Toc197263910]Figure 19: example of compresion moldoing (composites, 2020)


[image: ][bookmark: _Toc197263911]Figure 20: example of resin transfer moulding (Ebadi, 2021)





[bookmark: _Toc197263886]Material recommendations 
Based on the data collected through empirical data and research a recommendation about material choices for the motorsport industry and be made. The results showed a big difference in the mechanical properties between the different materials as well as a difference in the sustainability metrics. This creates the idea that different materials need to be used in different areas of a car based on these metrics. 
[image: An F1 Racing Car Carbon Fibre Monocoque Chassis Is Seen During The World's  First Official Formula 1 Exhibition At IFEMA Madrid, Spain Free Stock Video  Footage Download Clips Lifestyle]For structural components such as chassis or suspension components where extreme loading can happen the stronger materials are better suited. Using a woven carbon fibber with an epoxy resin would be suited for most of these areas as well as using the bio resin alternative as it has a lower UTS by only 5%. These areas can cause a catastrophic failure resulting in injury or death is they fail and as such the focus should be on the mechanical properties of the material. For areas of the car that are exposed to heat or need to be able to deform Kevlar is a good choice due to its thermal resistance. [bookmark: _Toc197263912]Figure 21: Carbon fiber chassis (blackboxguild, 2025)


For aerodynamic components induce a load such as wings, splitters and floors unwoven carbon fibre can be used. whilst the UTS is 46% lower if it is used in lower load areas it is a suitable material. In addition to this in allot of open wheeled series such as f1 it is common to see front wing and floors be destroyed in a race leading to allot of waste. Carbon fibre matts can be made using recycled carbon fibber, this reduces the consumption of woven carbon fibre sheets thus lowering the carbon footprint of the series. 



[image: Italian GP: Latest F1 technical images from Monza] 





[bookmark: _Toc197263913]Figure 22: Carbon fibber front wing (www.autosport.com, 2022)



For areas on the car that see low loading, such as interiors or non-downforce producing body work components, natural composites would be suited. In touring cars or Gt cars this can make up allot of the body work, and the fibres can be recycled back into non-woven composites so when body work breaks they can be sustainably re made. [bookmark: _Toc197263914]Figure 23: Natural fibre used on the front end of a Porsche race car(Wacht, 2022)

[image: Explaining the sustainable answer to using composite parts]

[bookmark: _Toc197263887]Conclusion 
From the data gathered in the tensile testing and Reacher no one material can be used to balance mechanical performance and environmental sustainability. As such materials should be selected based on the requirements of the material. Where high loads are present a focused should be on the mechanical performance to ensure safety for the drivers and spectators but some considerations on the method of manufacture and resin type need to be made. For areas existing low loads or high consumption rates and the focused should be on reducing the environmental impact of using the material or remaking/ repairing the material. 
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Aluminum tensile test
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Stress (Mpa)




Tensil loading of carbon fibber and kevlar
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Stress (Mpa)




Kevlar tensile loading
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Stress (Mpa)




Flax vs Hemp Tensile loading 
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