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This technical report shows different ideal materials that can be used for a piston, along with material properties taken into consideration, such as heat transfer, and research used to back up reasons. Piston to bore clearance has also been an important topic to discuss as different materials will likely react a lot different to others when it comes to heat transfer.
The melting point of pistons has also been discussed in this report due to the material needing a high enough melting point to withstand the heat of the internal combustion. Along with this the material restraints have also been discussed, this can include higher or lower material masses which can evidently increase weight and result in power loss. As well as excess load on the gudgeon pin and wear/pitting on the cylinder walls from thermal expansion. 
Where the final material has been chosen the manufacturing process has been explained, along with the use of silicone to improve thermal expansion and strength.
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When it comes to material properties for a piston there are many factors that need to be taken into consideration. One of the most important factors being its thermal properties, these thermal properties can include:
· Thermal Conductivity
· Thermal Expansion
· Melting point
· Thermal shock
· Piston to bore clearance 
All these must be taken into careful consideration when choosing a material to use for a piston.
To start with one of the most important properties, thermal expansion is very important when choosing a material to use for a piston as the correct piston skirt to bore clearance is needed to reduce the friction created by the piston, which can also reduce scoring and pitting on the cylinder walls. Using aluminium can reduce this effect when compared to using cast iron, as cast iron doesn’t disperse heat as well. (SAE International, 1982, Li C.) 
The engines temperatures of an engine to operate properly should be around 100 to 120 degrees, if an engine is running at a temperature too low or too high for a long period of time it can cause significant wear and damage. Engine lubrication can help when the engine is cold, but only long enough for it to reach its operating temperature. 
Too much thermal expansion can cause severe damage to the engine as well as overheating issues. Due to so many fast directional changes, the pin area of the piston is exposed to a significant amount of force. It is also susceptible to thermal expansion due to heat transfer from the piston's head to the body, because of this thermal expansion is greater in the pin area than in other sections of the piston. (Babcox, 2012)
Silicone is used in regular cast pistons because it causes it to expand less, thus making it stronger, so different piston manufactures use a higher amount of silicone content than others. This silicone content is added during the manufacturing stage when the aluminium is in molten form.
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It is necessary to have the correct piston clearance to maintenance free piston movement within the cylinder, without the correct clearance the engine would be likely to seize as the engine warms up, it will also likely result in a lot of friction loss.  Some pistons may also have metal inlays to help with thermal expansion, (Innovation Discoveries 2020).  
If the clearance is too large on the other hand, it may cause the following:
· Excessive movement within the cylinder resulting in piston slap.
· Compromise the seal of the compression ring, resulting in insufficient compression ratio.
It is importing to take the melting point into consideration too as most engines run at around 200°c, so obviously any material with a melting point lower than that cannot be used. Ideally a material with a melting point of at least 550 degrees or more as the melting point of aluminium alloys are around 650 degrees.
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Majority of pistons are made from aluminium or low carbon steels as they are exposed to such harsh vibration, temperature, wear etc. Carbon steels are more likely to be favoured when it comes to picking a type of metal as it can diminish the effect of thermal expansion more than iron, although iron has a better corrosion resistance. 
Hypereutectic pistons are also a common choice in engines that are not built for performance, as they are stronger than regular aluminium pistons due to higher silicone content, although they are not as strong as forged pistons, they can be a lot cheaper. 
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Thermal expansion needs to be kept as low as possible to minimize changes between the warm and cold states of the engine to keep clearance changes as low as possible, this will also affect the gudgeon pin and pin carrier changes. The material density is also important, especially for a low weight piston, as a high-density piston will place a higher load on the assembly increasing wear and result in power being lost. (MAHLE GmbH. 2012).
A material with higher thermal efficiency is also beneficial as it disperses heat throughout the piston significantly better than materials with a low thermal efficiency, which can decrease loads on the assembly along with reducing the energy wasting, resulting in power being saved. Some pistons may also have metal inlays to help with thermal expansion and result in a more reliable, long-lasting engine. It is also crucial that the material that can’t exceed its elastic limit under load and the heat of the combustion, as this could result in severe damage like warped pistons or a seized engine 
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Aluminium cast – Aluminium cast pistons have a low melting point when compared to iron but perform a lot better when used for pistons. Therefore, Aluminium becomes a common choice when choosing a piston material. Due to aluminium being such a light material it’s a lot more suitable for high RPM engines. Cast aluminium is also a lot better for manufacturing when compared to forging pistons as they can be casted into any shape the engineers desire by using a mould. When compared to iron, aluminium also has greater thermal conductivity.

Some of the advantages of using a cast piston include:
· Less bore clearance 
· Longer life as there is less long-term wear of the engine
· A lower amount of thermal expansion compared to cast iron pistons



Iron - commonly known as cast iron pistons, are not as common in today’s road vehicles. They usually expand less than regular pistons although they are a lot heavier which in result can increase inertia of the rotating mass. Cast iron piston are more likely to be used in low rpm, high torque engines. Due to the cast irons low expansion rate, it is likely to help against piston slap as well. (MZWmotor 2020)

Hypereutectic Pistons – This piston is still a cast piston, but it has higher silicone content in comparison to regular cast pistons. This results in the piston being tougher than a regular cast piston. Due to its ability to prevent small amounts of heat to be absorbed in comparison to regular cast piston, it can have a closer piston to sidewall clearance which allows for improved combustion within the cylinder, less scores and pitting along the cylinder walls and less blow-by gasses. (Randy Bolig, 2014) 

Aluminium Forged Pistons – These pistons are commonly used in performance vehicles of up to 1200 horsepower as they can withstand a lot more abuse when compared to regular aluminium cast pistons. One of the disadvantages of the forged piston is that they are very expensive to manufacture, although they are more than adequate for most applications.
An aluminium forged piston is also very heavy in comparison to cast aluminium which could result in power loss, even if the piston will be stronger than most other types. Forged pistons also have a greater thermal expansion compared to most, but this makes up for the additional piston to bore clearance. (GLMmarine 2022)


[bookmark: _Toc98793729]4.0 Manufacturing Process 
Hypereutectic cast pistons would be the best material to use due to its high silicone content that allows for closer piston to bore clearances, which results in improved combustion within the chamber. Although it may be more brittle than forged piston it can more readily deal with combustion heat providing improved piston stability and lessened pitting and scoring on the cylinder walls. 
The manufacturing process of Hypereutectic pistons is, for the most part, the same as regular aluminium pistons with the main difference being a higher amount of silicone used, this is usually over 10% silicone but can differ from each manufacturer. This hypereutectic piston is made by melting down aluminium into a molten form at a temperature of around 700 degrees so that the aluminium will melt but will not boil, then silicone can be added. From here it may also be mixed with other alloys such as copper to improve strength and grain of the piston, It is then poured into a cast. Once it is removed from the cast it will be placed in water over night, before being heat treated the next day. Once the metal has set it will have the hole for the gudgeon pin machined out using a pin boarer. Lastly the piston will be machined to spec, with tolerances used to manufacturers spec. (Engineering Study Materials, 2019).
 One of the advantages of cast pistons over forged pistons is in the manufacturing process, as that they can be made into any desired shape by the engineer to fit the cylinder. (Jim O’claire, 2011)
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In this report the most ideal materials have been taken into consideration before deciding on a final material, as well as material properties such as thermal conductivity and thermal expansion. It was evident from research that the ideal piston to use is the hypereutectic piston due to its thermal expansion properties when compared to other materials such as regular aluminium.
It is also clear that piston to bore clearance has been an important factor with taking the material properties into consideration, as extremely high thermal expansion can cause the piston to expand outside of its tolerance.  
The use of silicone has also been discussed in this report, which included other metals that may be used such as copper for increased toughness and a higher quality grain. As well as the procedure of turning the aluminium into molten form.
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