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[bookmark: _Toc129952504]Introduction
Prior to the writing of this report, the author was given the instruction to write a technical report on the most suitable material to construct a piston. The author chose to research the most suitable material for a piston to be used in a motorsport application. This report will cover the material properties desired, and those that are required as well as the material selection process and the manufacturing process to create the piston. The author will compare each choice and consider the advantages and disadvantages of each option. Following this, the author will then come to a conclusion on which material and process is most suitable for the chosen application based of their prior research and the application that the piston will be used for.

[bookmark: _Toc129952505]Material Properties
A piston is a crucial part of any engine, whether that is for motorsport or day-to-day journeys. The piston is solely responsible for the pressure changes that occur within an engine, allowing the engine to work. The piston has numerous functions within the engine cylinder that causes a variety of forces to act on it (Bhutto et al., 2016). A piston in any application undergoes high stresses and temperatures, however these are pushed to the absolute limit in a motorsport setting, oftentimes past their limit as seen even in the highest levels of motorsport. Furthermore, a piston, especially in a motorsport setting, should aim to be as light as possible, while maintaining the properties expected of it. The common properties of a piston are:
· Strength – The piston must be able to withstand high forces and pressures. The piston must also be able to withstand both tensile and compressive forces, due to the nature of the 4-stroke engine cycle.
· Hardness – The material used for the piston must be hard enough to resist bending or breaking, this is seen especially in the connecting rod, where there is a higher risk of bending. The piston must also resist fatigue.
· High thermal conductivity – The material must be able to disperse heat well, as heat causes thermal expansion. Excessive heat within a material may cause material failure, or in extreme circumstances, melting of the piston.
· Low thermal expansion – A piston should have a low coefficient of thermal expansion to avoid deforming within the cylinder.
· Lightweight – The piston itself should be lightweight, as a lighter engine will increase the overall performance of the vehicle, therefore the material used must have a high strength to weight ratio. 
· Corrosion resistance – The piston is constantly in contact with oil, it is essential that the piston does not corrode and cause gas leaks or anything that could cause a loss of compression, or performance.
(Aldermann et al., 2016)
It is essential that a piston has all the above properties, however it is also possible to coat the piston, or the cylinder itself, in a coating which can provide some of the properties needed, therefore it may be possible to explore new materials for the construction of a piston (Maev et al., 2022).
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Due to the forces that act on a piston, it is essential that the right material is picked. The material used should adhere to all the properties mentioned in the previous section, with more of certain properties depending on the application. In this case, all properties need to be at their optimum, with corrosion resistance perhaps being an anomaly, as engines can be regularly rebuilt in a motorsport setting (Aldermann et al., 2016). 
Aluminium alloy is a commonly used material for engine pistons as it possesses many properties that make it suitable as a piston material such as; high thermal conductivity and it is lightweight. Despite this, unalloyed aluminium’s resistance to wear and it’s overall strength makes it so that an alloy is required if aluminium is to be made into a piston (Aldermann et al., 2016).
An alternative to aluminium is using steel to construct the piston. Using steel over aluminium has its benefits, such as being able to withstand higher forces acting upon it and for longer durations. This is especially useful in the modern automotive scene where a variety of manufacturers are resorting to smaller, forced induction engines in order to adhere to strict emissions regulations. This also translates over to the motorsports industry, where a lot of these advancements are tried and tested. Due to the smaller piston size, there are increased forces acting on the piston to achieve similar power results, so steel becomes a viable option (Barbieri et al., 2018). 
From the research conducted, Aluminium and Steel were seen to be the two main materials considered when creating a piston.

[bookmark: _Toc129952512]Table 1 - Physical and mechanical properties of aluminium alloy and structural steel, sourced Koulocheris & Vossou, 2018
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From Table 1 above, (Koulocheris & Vossou, 2018), it is evident that Aluminium alloy is significantly less dense than steel, without sacrificing too much of its other qualities. It can be calculated that the aluminium allot is 60% less dense than the steel, despite only having a 47% reduction in maximum allowable stress.
As well as this, with the rising issues of sustainability and the end-of-life cycle of a product, it has been researched that aluminium is far easier and cheaper to recycle than steel, in fact aluminium is a rare case of a material that when recycled, retains it’s original properties indefinitely (Bach, 2022). This is a major positive in the eyes of a team as sustainability is a big problem and is very useful for marketing purposes for the team, as well as the environmental benefits that come along with it.
In the same paper, it is mentioned that while steel may be stronger, it is less resistant to corrosion, for example, when used in a packaging context, it has been seen to rust, whereas aluminium is very corrosion resistant and does not rust easily, if at all (Bach, 2022)
Using all of the information displayed above, the author came to the decision that an aluminium alloy would be the ideal fit for a motorsport engine,  as it is lightweight and has high thermal conductivity. The author chose an alloyed aluminium as opposed to unalloyed aluminium as it does not possess the strength properties required for use as a piston (Aldermann et al., 2016) 
Table 2, below, shows some properties of a small range of aluminium alloys for use as a piston (Raj Singh et al., 2014).
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From Table 2, it can be observed that alloy A2618 has the optimum set of values for thermal conductivity, thermal expansion and density, but alloy AL-GHS 1300 has the optimum set of values for Young’s (Elastic) Modulus, ultimate tensile strength and yield strength. Despite this, alloy A4032 has the best average set of values, therefore seems the best fit for an engine piston at first glance. After further testing conducted by Raj Singh et al in their 2014 paper, it was found that alloy AL-GHS 1300 was the best performing. After experimentation, they found that the AL-GHS 1300 alloy had a higher factor of safety in comparison to the other alloys, meaning that there is room for even more optimisation and improvement.
The author of this report concludes that the aluminium alloy AL-GHS 1300 would be the most suitable material to develop into an engine piston for use within a motorsports environment.
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When manufacturing a piston, there are 2 common ways to go about manufacturing; casting or forging.
Casting is the process in which a material, in this case metal, is poured into a mold, and allowed to cool. The mold is then split, or broken, to reveal the ‘casting’. Casting is a traditional method thought to have originated around 7,000 years ago. Casting is not exclusive to manufacturing, it is often used to create artwork (Sabhadiya, 2023a). There are multiple different types of casting depending on what material is being used and the finish required on the end product. Die casting is what is used commonly for aluminium based alloys, however you can have a variety of types of die casts. Gravity die casting is the most fitting choice for an engine piston as it creates a much better surface finish, with a less porous end-result. As well as this, unlike sand casting, gravity casting is a quicker method of production as it uses a permanent, metal mold as opposed to a disposable one, saving money and resources long term and increases overall manufacturing efficiency (Sabhadiya, 2023a). In a motorsports environment this is ideal as it means that spares can be made and replicated without much fuss.
On the other hand, forging is a process in which a material, primarily metal, is shaped by hammering or pressing, with the latter being more common for intricate parts. As was the case with casting, forging has been a method of manufacture for multiple thousands of years, dating back to the Bronze Age. Like casting, forging also has different types of forging, mostly down to temperature, however there are also different methods of forging, such as; drop forging, press forging, and roll forging. Each method has its benefits and drawbacks (Sabhadiya, 2023b). From the research conducted for this report, press forging seemed to be the correct choice as you can have a lot tighter tolerances due to the more precision forging method. Press forging is also observed to be more economic in a heavy production environment, something which could be a good asset to a motorsport team with potential customer teams.
From the paragraphs above, and using (Sabhadiya, 2023a) & (Sabhadiya, 2023b), the author constructed Table 3 and Table 4 to show the advantages and disadvantages of each process.
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	Advantages
	Disadvantages

	Can create complex structures economically
	Dimensional accuracy

	Can create molds of any size
	Low strength

	Casting objects do not have high compressive strength
	Requires post processing to get a good finish

	Any cast structure has a variety of properties
	The finished part tends to have a lower melting point

	Ability to create an accurate object
	Unsuitable for low volume production

	Any material can be cast
	

	Creates an isotropic structure
	

	Cheapest manufacturing process
	

	Composite component can be made by casting
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	Advantages
	Disadvantages

	Forged parts are stronger
	Post processing is difficult when hot forging

	More reliable production
	Overall cost is higher

	Relatively cheap
	Very high safety procedures must be followed 

	Better response to heat treatment
	

	More consistent and better metallurgical properties
	

	Can be used to make a large range of different products
	

	Requires less post-processing
	

	Has a lot of design flexibility
	



After observing and comparing Table 3 and Table 4, the author decided that forged pistons would be more suitable for use in a motorsport engine due to the increased strength. As well as this, the cast version may have issues with a lower melting point, something that cannot be overlooked when considering a component that must withstand the direct heat that an engine produces.
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To conclude the report, it is evident that the material required for a piston must have a variety of properties, most importantly it’s strength and resistance to fatigue. It must retain these properties whilst also remaining lightweight, leaving a low-density material the preferred choice. Because of this, the author decided that the aluminium alloy AL-GHS 1300, found in the research conducted by Raj Singh et al, in 2014.
Furthermore, after researching manufacturing methods, the author believes that forging is the better process to manufacture a piston for a motorsport-based vehicle. This is because they are stronger and retain more of aluminium’s base properties, such as it’s high melting point, meaning that the piston will be less at risk when exposed to the extreme heats and pressures of an engine running at high RPMs for an extended duration.
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