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A piston is one of the main components within a combustion engine. A strong piston is vital in producing reliable power within a combustion engine as it must be able to withstand temperatures and pressures. If the piston is unable to withstand these pressures it can cause damage to the internals of the engine or will require the engine to run at lower pressures, therefore lowering power output. This report will discuss the properties that are required in a material to be used in the construction of a piston. After outlining the required properties needed, an evaluation will highlight the properties that a range of materials have in order for a final material to be selected by comparing the materials against each other. Once the final material has been decided upon, a manufacting process is discussed which depicts how, from the chosen material, the piston can be produced.


2. [bookmark: _Toc98259698]Material Properties

A Piston within an Internal Combustion engine has many variables acting upon it at once. One of these is Friction. In their Paper ‘Friction between Piston and Cylinder of an IC Engine: A Review’, Nagar, P and Miers, S state that friction is accountable for around 20% of the losses within an engine. This means that 20% of the energy produced by the combustion becomes a frictional loss, transferring it into the piston, piston rings and cylinder walls. From this it can be determined that these surfaces must be able to withstand the heat generated from friction but also withstand the surface wear from rubbing against the other surfaces. This means that the material must have high hardness factor and a high melting point.
As mentioned above, the piston is subjected to heat and heat changes. Some of these being through friction, the combustion of the fuel or the intake of air into the cylinder. In their manual, European Aluminium state that “the combustion process with peak gas temperatures in the combustion chamber between 1800 and 2600°C depending on type of engine, fuel, gas exchange, compression, and fuel/gas ratio”. Although this is the gas temperature and not the surface temperature within the cylinder, it is safe to assume that through conduction the piston will absorb some of that heat energy. The air temperature within the cylinder will suddenly change from relatively low to high as the cool air is sucked into the cylinder and then after it is combusted. This shows the requirement for the piston material to be able to cope with a wide range of temperature as well as be able to withstand the quick change between cool and warm. This supports the claim above that the material must have a high melting point, but it also shows that the material must also perform well at high temperatures by having high strength and resist creep. The piston must also be able to dissipate the heat that it absorbs effectively as well to be able to maintain a low temperature. This means that the material must have a high thermal conductivity. Another variable that is related to how heat effects the material is how reactive or stable of a material it is. The material mustn’t react to other materials or substances found within the engine. 
The material must also have low thermal expansion. This is desirable as the piston will be engineered to be the right size for the cylinder, and as the piston warms it can expand which could lead to engine issues such as ceasing.
The piston must also be able to withstand the pressure from the combustion and not deform under the pressure. This is critical for the reliability of the engine as if the piston doesn’t stay conformed to its intended shape, it can cause damage to other components by breaking apart or warping so it comes into contact with the intake and exhaust valves. It must also be rigid enough so that the downward energy isn’t absorbed into the piston instead of pushing the piston down, reducing the amount of force acting upon the crack. This means that the piston must have high strength and toughness as it must be able to withstand a high force before it buckles. The piston will need to have a high compressive strength. The piston will not want to be made out of a material with high ductility.
The piston will also have to be impact resistant as the shock of the combustion on the piston head will be high as well as the impact of the conrod pushing the gudgeon pin up into the piston.
Another factor is that depending on the use of the intended use of the piston. In a road-going engine the weight isn’t that important of a factor as performance isn’t the main goal, however in a motorsport application, the lower the weight anywhere is important. If the piston is lighter, it means that there is less stress acting on the crankshaft bearings and journals, making them last longer and also meaning less energy is needed to change the pistons direction and accelerate it downwards.
So, from this evaluation of a piston’s requirements, it can be determined that a piston must be made out of a material that has a high compressive strength, melting point, hardness, creep resistance, thermal conductivity, while also being low weight, while having low ductility and a low thermal expansion. 
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After researching materials and applying their properties to the above criteria, I have found 3 potential materials that could be used to construct a piston. EduPack 2021 states that these materials are typically used as pistons.
The first of these is Aluminium and its respected alloys. According to EduPack 2021, Aluminium’s density ranges between 2.64e3 – 2.81e3 kg/m^3 depending on its alloying elements. It also states that it has a melting point of 524 – 650°C and is a good conductor of heat. Aluminium is relatively low cost at a maximum of £1.73p/kg making it easily obtainable for manufacturing. It has a Vickers hardness of 57-155 HV and a tensile strength of 186-510 MPa. Aluminium is also a recyclable material
Gray cast iron is the second material researched. It has a density of 7.23e3 kg/m^3 and a price maximum of £0.257p/kg making it extremely cheap to produce. It has a Vickers hardness of between 113-285 HV and a tensile strength of between 169-381 MPa. It has a melting point if 1,270°C and it is a good conductor of heat. It can also be recycled.
Silicon carbide is the final material researched. It has a density of 3.2e3 kg/m^3 and a price maximum of £16p/kg making it relatively expensive. It has a Vickers hardness of 2.63e3 HV and a tensile strength of 336 MPa. It has a high melting point at 2,250°C and it is a good conductor of heat. It isn’t able to be recycled.
Each of these materials have their own strengths in comparison to each other. Cast iron is the cheapest option due to its price point, making it better suited to mass production for vehicles for the road. The trade of for this price point is that it in comparison to silicon carbide and aluminium, it is the heaviest and weakest option. It is suitable for use as a piston as its strength, although relatively weak, it is still strong enough to withstand the pressures within low performance vehicles.
The strongest material with the highest melting point is silicon carbide, making it most suitable for use in motorsports and other high-performance applications. The trade off for this performance is that it costs substantially more than either of the other materials. It also has a higher density than aluminium making it heavier for the same size of piston, however the strength makes it able to be designed smaller therefore negating the higher density.
Aluminium is the middle material, with a low cost and density and mid-range tensile strength. It has a low melting point in comparison to the others, but it is still high enough to withstand the heat in most engines, apart from the upmost of performance engines like those found in Formula One. 
After this comparison, I have decided on Aluminium as the final material to be used to manufacture the piston due to its high strength and heat resistant properties making it the optimal material to be used as a piston. This is also because of the cost of the material as it is low cost making it easily obtainable. I have also chosen this material as it can be alloyed to have stronger properties. The material of the piston must be chosen before designing as it can allow for more optimised designs if the characteristics are known.
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To manufacture a piston out of an aluminium, Racecar Engineering (2008) state that the pistons are initially forged. This is when the aluminium is melted down and then poured into a mould of the piston. After this, 95% of the surface is machined using a CNC Milling machine and a CNC Lathe. This would ensure that the piston’s surfaces are machined as accurately to the original design as possible, and that the structural integrity is the same as intended. 
However, pistons can be entirely manufactured using the CNC Milling and Lathe. When they are manufactured this way there are more manufacturing losses, as the material is machined down from a block of aluminium, with the material being removed to make the desirable piston shape. The surfaces can be coated in different ways, such as a diamond like coating which strengthens the exterior surface of the part.

5. [bookmark: _Toc98259701]Conclusion
In conclusion, a piston must be designed to be made out of a material that is of high strength, high toughness and low weight in order to perform at the optimal conditions. A piston can be manufactured out of a range of materials depending on the abuse that the piston will be exposed to. They can also be manufactured in a range of ways depending on how important design tolerances are and how complex the design is.
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The different elements of the piston system are indicated in the following schematic drawing
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Source: M. Rohrle. Mahle, 1995

The thermal loads on the piston result from the combustion process with peak gas
temperatures in the combustion chamber between 1800 and 2600°C depending on type of
engine, fuel, gas exchange, compression, and fuel/gas ratio. Exhaust gases have
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