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[bookmark: _Toc99402348]Introduction: 
This report will show what material properties a piston requires to be able to perform at the highest-level thinking about the targeted customer whether its someone who is looking for a performance piston for racing or whether its for general road use where it needs to last as long as possible, with performance at a lower priority. Tolerances will also be investigated as they are very important for a piston especially in racing as it will affect compression, weight balance etc. The process used to manufacture the piston will also be investigated along with different techniques used to enhance the material properties such as heat treatment. Different manufacturing techniques allow for different tolerance gradings, material finishes and material property characteristics.


[bookmark: _Toc99402349]Material Properties:
[bookmark: _Toc99402350]What a piston is exposed to:
A piston needs to be able to withstand constant little explosions. It is exposed to very high temperatures and big temperature changes. It needs to be able to stay the same shape with these temperature changes (thermal expansion) with no warp in order to keep a tight seal to the cylinder to keep the required compression of that engine. They also need to be able to withstand the stress of possible misfires and mild knock from premature detonation as that would put additional forces on not only that piston but all the other pistons in the engine (if it has more than one cylinder). (Torque cars (2000 - 2022) for information about how knock damages the pistons).
[bookmark: _Toc99402351]Material Properties that a piston would require:
A piston needs to be light weight. The higher performance the engine the lighter you would need the piston. It also needs to be strong enough to withstand all the combustions which is a key mechanical property where a material would resist deformation. It needs to be tough in order to withstand the shock or impact of the combustion. It needs to have low thermal conductivity so that it doesn’t expand as much with the heat of the combustion, it needs to keep to certain tolerances so that it doesn’t seize or lower the compression. (The Engineers Post (2022) can be used to find material properties). It needs to be stiff (low level of elastic deformation) and it needs to have little fatigue so that it is more durable and lasts for longer as the piston needs to be able to handle repeated strain (this would be less of a priority for performance engines).
[bookmark: _Toc99402352]General tolerances for a piston:
A piston could have a tolerance grading of h7 (for the shaft) this means that it has a certain unilateral tolerance for that size in mm (according to the international tolerance grading system). The higher the tolerance grading the cheaper it is to manufacture. That is why general road cars use higher tolerances than racing teams and performance cars. Pistons have many types of tolerances to conform to such as form, profile, location as they are moving so quickly that a small error could cause huge effects like damaging the engine or performance. If a piston has a high tolerance it could either rub too tightly against the cylinder (interference) this could cause excess heat and damage or it could move too freely (clearance) and lose compression and would not be as consistent along all of the cylinders.


[bookmark: _Toc99402353]Material selection:
Some old pistons were made from cast Iron which is cheap and heavy, it is also magnetic which would cause interference with other components. That’s why most modern engines are made of an aluminium alloy. Most modern pistons are made from around 25% silicone. Addition to nickel to the alloy made it less brittle but meant it had a higher weight to mass ratio. (It still runs (2022)).
There are 3 main types of aluminium alloy:
[bookmark: _Toc99402354]Eutectic Alloy: 
The standard piston is made from Al-12%Ni with Copper, Magnesium and Nickel (about 1% each). They have been developed for improved strength at high temperatures. (The Aluminium Automotive Manual (2022)).
[bookmark: _Toc99402355]Hypereutectic Alloy: 
This has a higher Silicone content (24%) to lower thermal expansion and wear at higher temperatures. But they have a lower strength. (The Aluminium Automotive Manual (2022)).
[bookmark: _Toc99402356]Hypoeutectic Alloy: 
This has a lower silicone content (less than 12%). (Service engineering bulletin (2018)).
Both these types of alloys can either be casted or forged. Eutectic Alloy pistons are good strength and more economical to produce. However, Hypereutectic Alloy pistons have higher strength, scuff and seizure resistance, it will also improve groove wear and crack resistance at high operating temperatures. (ToyoHeadquarters (2014)).


[bookmark: _Toc99402357]Manufacturing Process of a Piston:
[bookmark: _Toc99402358]Chosen material: 
From the research, the best material would be the Hypereutectic Alloy as it will perform the best especially in a motorsport application. There are also multiple ways to manufacture the piston with this material such as Casting and Forging.
[bookmark: _Toc99402359]Casting:
[bookmark: _Toc99402360]Die Casting:
Most Pistons are made through a process called Die Casting; this is where pressurised molten metal (the Hypereutectic Alloy) is forced into a Die. Sand casting is not used as it is less accurate, however, Die casting is accurate and it leaves a good finish therefore you can do this to low tolerances. Minimal machining is required to finish off the piston after the casting. (It Still Runs (2022)). The process for setting up the die is costly and therefore is mainly used in mass production.
[bookmark: _Toc99402361]Forging:
Forging a piston is made from a giant press pounding a heated block of metal in a female mould with thousands of tons of pressure. The machinery is a lot more expensive than casting and lasts for less time. The advantages of Forging is that it has more durability, ultimate tensile strength and density. And it allows the piston to run cooler than a casted piston. It can be made lighter without compromising the integrity of the piston. Forged pistons usually need more clearance with the cylinder as they expand more under changing temperature. However, it is able to withstand a higher temperature. CNC Milling machines are used to finish off the piston. And you can make it to a low tolerance grade. (ToyoHeadquarters (2014)) and (It Still Runs (2022)). A Forged piston can be made with thinner wall thickness and so is lighter which is better for performance (it can rev up quicker). (The Aluminium Automotive Manual (2022)).


[bookmark: _Toc99402362]Conclusion:
From the research, Forging the piston with Hypereutectic Alloy would be the best option for the best quality Piston. This would allow it to be at the most precise tolerances while having the best characteristics for performance and durability. If cost was involved then the casting process or using Eutectic Alloy would be better, however performance and quality would decrease.
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