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This report will evaluate and highlight materials that are the most suited for an ICE (Internal Combustion Engine) piston. The piston has many jobs which is to draw in the air-fuel mixture at the intake cycle, it then compresses the air/fuel mixture at the compression stage and dependant on whether diesel or petrol is being used it can be until it ignites and finally at the exhaust stage it pushes out the old air/fuel mixture (European Aluminium Association, 2011). Through focusing firstly on the material properties of three materials, it will highlight which ones are the most suited to that of a piston. This will be done by focusing on the properties of each individual material, to find the material that can handle the stress and the strain of the piston- something that it must go through (European Aluminium Association, 2011). This report will then highlight which material is the most suitable, for the piston and focus further on how this material must be manufactured for it to fulfil its specification – and to handle its job as a piston with little/no weaknesses. The conclusion of this essay will then highlight and suggested why the chosen material is the most appropriate to be chosen as a piston.

[bookmark: _Toc99111631]Material Properties
There are many materials that have different uses, and for different applications. It is these different applications that dictate which material is the most suitable for the task at hand. Such materials can vary from super soft materials, including that of soft plastics, to harder materials, such as that as heavy tungsten. There are four main groups that all materials are categorised into are; Metals, Ceramics, Polymers and Composites. By looking through each of these material categories it has found which composites would be the least likely used for a piston. For example, Kevlar (a ceramic) is flexible within its toughness, and its compressive strength are very low, whereas material such as fiberglass may be good for high temperatures (Patel, 2021). However, it has problems with moisture which could cause damage in the long run, and it also cannot be cut or moulded in a suitable way to be run as a piston. Polymers, on the other hand, have high melting points but due to their toughness, the hardness of the items are very low, which may cause deformations when it is subjected to high pressures (Ghani, Mahmud, 2018). They also have a very high wear rate, which reduces the time used in the engine (Ibid . Ceramics have a low wear rate, high melting points which can be above 2000c and are unlikely to suffer from deformation and plasticity and elasticity but due to this the parts can be very brittle under pressure and if there is an extreme change in temperature causing ceramics to shatter or crack (Ibid). The last of the material groups are metals, which includes materials that include Tungsten, Aluminium, Carbon Steel and Cast Iron. 
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In order to find the best-suited material, it is first important to consider what the minimum requirements are for its application. This ensures that it can move smoothly with no problems (Lavella et al, 2004). The piston when it is in use, has many forces running through it in a fraction of a second which include compressive stress and tensile stress (Lavella et al, 2004). Due to all the stress and friction which is involved, heat is also a guaranteed side product, this means the material used should be able to handle high temperatures without deforming or weakening at high temperatures (European Aluminium Association, 2011). As a result of the high temperatures, it is important for the part to not be flammable as this would cause issues internally resulting in the piston not lasting very long (Czerwinski, 2014). Finding a part which does not suffer from wear easily plays a big part, as will need to last more than one run (Czerwinski, 2014). Through looking through these boundaries which are set, it is possible to go through the different material families (which are polymers metals ceramics and composites), and then cut down the material to one suitable family and then narrow it down further to the one material in that family. With composites, some of the stronger materials like carbon fibre is around 25% the weight of steel and 70% the weight of aluminium which has a density of 1.55g/cm3 whilst, aluminium is 2.69g/cm3 and low carbon steel is 7.85g/cm3 (see table 1) whilst it suffers from hardness which is between 88.45 – 100.28 HV, comparing this to aluminium which is at 137 HV (Bhatt and Goe, 2017). One major issue is that it does not have very good fracture toughness once it breaks it can shatter easily, therefore making it useless (Bhatt and Goe, 2017). With a ceramic such as silicon nitride, it has high melting temperate at 1900c but it can weaken a lot at temperatures as low 300c also it has a low hardness of HV which can increase the wear rate of the part (Precision Ceramics USA, 2022). Polymers are generally good with temperature but weaken at higher temperatures even though they have a high melting point (Precision Ceramics USA, 2022). Polycarbonate has a very low hardness at 14 HV with can cause faster wear rate. They also are not very good conductors of electricity so react badly when dealing with spark plugs (Polymer, 2021).    
Through using this process of deduction, it has been concluded that the best material would be from the metal family. It is from here that three different metals have been chosen for comparison and then the best of the metals will be picked. These three metals were Titanium, 4032 Aluminium and Low Carbon Steel, and can all be seen in the table below. 
Table 1.1: Material Selection
Table 1: Material Selection
	
	Materials

	
	Titanium
	4032 Aluminium
	Low Carbon Steel

	Thermal Conductivity
	17.2W/m-K [1] 
	138W/m-K [7]
	49.6W/m-K [11]

	Corrosion Resistance
	High [2]
	High [8]
	Low [12]

	Density
	4.51g/cm3 [3]
	2.69g/cm3 [8]
	7.85g/cm3 [12]

	Ductility/Malleability
	110GPa [3]
	--
	--

	Elasticity/Stiffness
	105GPa [3]
	82GPa [9]
	202GPa [12]

	Hardness(Vickers)
	280 [4]
	137 [9]
	266 [11]

	Melting Point
	1660c [4]
	530c [9]
	1410c [11]

	Thermal Expansion
	8.6x10-6/oc [5]
	19.4x10-6/oc [8] 
	12.2x10-6/oc [11]

	Strength, Fatigue
	250MPa [3]
	110MPa [10]
	765MPa [12]

	Strength, Shear
	40GPa [3]
	26GPa [10]
	75GPa [12]

	Strength, Ultimate Tensile
	550MPa [3]
	370MPa [10]
	716MPa [12]

	Strength, Tensile Yield
	480-552MPa [3]
	315MPa [10]
	519MPa [12]

	Strength, Compressive Yield
	110MPa [3]
	79MPa [10]
	1480MPa [12]

	Fracture Toughness
	99-14. MPa-m1/2 frac [6]
	N/A
	68.2MPa/m1/2  [12]

	Wear Resistance
	High [3]
	Low [9]
	Medium [13]



References (Table):
[1] (Veiga and Lourerio, 2012) 
[2] (ASM, 2019)
[3] (MatWeb, 2019)
[4] (RSC, 2021)
[5] (Valves Instruments Plus Ltd, 2020)
[6] (Bucci, 1996)
[7] (ASM, 1990)
[8] (American Elements, 2021) 
[9] (Matweb, 2020) 
[10] (Kaufman, 2016)
[11] (Matweb, 2019)
[12] (Material Properties, 2019)
[13] (Institute of Making, 2020)

When choosing a suitable material for the piston it is important to look into what forces, stresses and what elements are working on and with it. In particular, for pistons, they are going through dealing with rotational forces, (including compressional and tensile stresses) which play a major part in material choices (Lavella et al, 2004). A piston must also be hard enough to have minimal wear whilst also not too hard and become brittle which can crack or shatter under intense loads (Lavella et al, 2004). Chemical resistance can be an important factor when working in engines due to working with oils and lubricants which have chemicals which may damage materials (Engineering Toolbox, 2019). Finally, an engine works at high temperatures in most occasions they work into the high 100s this means the material must handle high temperatures with minimum effect on its atomic structure, with the combustion side it can also hit even higher temperatures for a split second, the optimal temperature is between 500oc-800oc (NGKSparkPlugs, 2021). 
However, titanium has a low density compared to its weight, and its high tensile and compressive strength, but it does suffer due to its hardness and makes it more susceptible to cracking or breaking due to its brittle nature (ASM,2019). Titanium does have a low thermal conductivity, which makes it harder to machine but it would nevertheless be useful for a piston, as it has a high melting point, and high thermal connectivity (ASM, 2019). Through using this material selection, and the information from the material, which includes the elasticity, and the melting temperatures, it can be concluded that the most suitable material for a piston is titanium. 

[bookmark: _Toc99111633]Manufacturing Process
In order to discuss the type of material that is most suited to the process of manufacturing a piston, the different processes must first be acknowledged. Firstly, there is machining the piston straight from the billet, casting the titanium, MIM (Metal Injection Molding). This is similar to casting, and forging which may not be useful when manufacturing a piston (Zhang, 2019). After finding out which process is being run through if needed what sort of machining is required to get the piston to the correct tolerance and how it will affect and how to minimise any issue that may be created from this machining process (Zhang, 2019). The type of machines used will also change how the material reacts such as using a lathe machine or milling machine. Different ways of removing the machine may cause a part to deform or have a poor unusable finish on the piston. Poor machining can also affect these by cutting too fast or using the wrong tooling. When taking titanium into consideration, it has a bad reaction to oxygen when heated up to 1200c so a much more delicate operation is needed so casting titanium is a lot harder to do (Sandvik, 2014). Whilst on the other hand forging titanium is a much better choice but there is still a risk as titanium still needs to be heated close to the melting point to forge (Sandvik, 2014). The last two choices are MIM and machining from a titanium billet, while the MIM is a better choice than casting it still obtains the risks of mixing oxygen (Zhang, 2021). But on the other hand, machining straight from the billet increases the risk of the part cracking or breaking causing higher chances of failure (Sandvik, 2014). But even though it may take longer than other ways machining from the billet will be the best option as the part may keep its strength, but it will not become even more brittle from this process and the part will be intolerant (Sandvik, 2014). When forging for titanium it is better to hot forge instead of cold forge because it is not very malleable making it more likely to break when forcing it into a shape when it is cold (Sandvik, 2014). After the forging machining may still be required with the use of a specialist milling machine and lathes which may take longer but it is required as forging can only do so much (EngineBuilder, 2012).
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To conclude, through discussing these materials that have been evaluated, the most suitable material for a piston is that of titanium. This is because of its weight to strength ratio, meaning that it is very unlikely to collapse or break after its first use. This is also a result its hardness, and the fact that it has a low wear rate. In conjunction to this, it has a high melting point, and as such will not weaken as much compared to the other materials when it is heated up (such as that as aluminium). In addition to this, as it a result of its hardness it has a low wear rate. As well as this, titanium can withstand a number of manufacturing processes, such as MIM moulding. It is these factors that make titanium a perfect material for a piston. 
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