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[bookmark: _Toc2043070594]Introduction
In this document, I will discuss material selection and different suitable manufacturing processes for a Subaru EJ20 piston and select the most suitable and optimum methods for the part taking into consideration the product’s design requirements as outlined in a design specification.
[bookmark: _Toc1792864429]Component Design Specification
Environment of Operation
[bookmark: _Int_NUeL72F0][bookmark: _Int_UXWsXdiH]The piston is in the EJ20 engine's cylinder, meaning it will obviously be exposed to explosion, high temperatures, friction, and oil. In most engines, the pistons are heated up to temperatures more than 600°F (315°C), and experience peak cylinder pressures of 1500-2200 psi (Tingwall, 2014). This will no doubt be similar to the environment inside an EJ20 engine, with “normal engine operating temperatures varying from 5000-10,000°C” (Wikimotors, 2024).
Material Requirements
[bookmark: _Int_HGTHz8Or]The material for the piston will need to withstand the engine's operating temperatures and temperatures over that range for combustion. It is important that the piston does not deform following exposure to high temperatures as this could lead to increased friction or even cause the engine to cease. 
The temperatures will also vary, they will never be the same specific value as the engine is not constantly running, therefore an important consideration is material expansion. The clearance between the piston and cylinder wall needs to be minimal yet sufficient to prevent excess friction, therefore it is important that the material does not expand excessively at high heat as it could affect the clearance. It is also important that it does not shrink too much when cooled as again the shape of the piston could change again and affect the clearance, this time increasing it rather than decreasing it (MAHLE GmbH, 2012).
Another requirement as mentioned by MAHLE GmbH (2012) is that high thermal conductivity properties are considered an advantage when designing or choosing a piston as it means that the piston can “distribute heat evenly”. This is considered an advantage as the piston crown is exposed to a lot more heat than any other part of the piston, therefore through thermal conductivity, the entire piston will heat up, and the heat will not be concentrated as much at the crown, minimizing damage.
Cost
As the EJ20 is a mass-produced engine, and the application does not have high performance requirements the costs of manufacturing must not be excessively high.
Maintenance
[bookmark: _Int_JylSumGG]Being an internal component, the piston should need very little to no maintenance, with the main maintenance being an engine service and oil change to ensure sufficient lubrication.
Lifespan
According to Wrench.com (2020), “the average lifespan for an engine is 10 years or 200,000 miles” providing the correct maintenance as specified by the manufacturer is carried out often and correctly. This gives a lifespan target for the piston; however, it should be designed to last longer as this is an average figure.
[bookmark: _Toc1950025712]Material Selection
The most common material used to manufacture pistons for automotive applications are aluminium alloys (European Alloys, 2024). Aluminium is a suitable material as it has a “low density, high thermal efficiency,” it is easily cast or forged to form the pistons and is also suitable for recycling (European Alloys, 2024). The advantage of using an alloy rather than pure aluminium is that alloys can have additional advantageous properties depending on what element is added. In this case, there are two aluminium alloys used in the manufacture of pistons, 4032 and 2618 (JE Pistons, 2019).
[bookmark: _Int_gnQZ2MnZ]The 4032 aluminium alloy has good wear resistance and a high heat expansion resistance thanks to its high silicon content (12% according to JE Pistons or 21.42% as seen in figure 1). This means allows for tighter tolerances withing the engine as mentioned by JE Pistons (2019), especially between the cylinder walls and the piston as there is only a minimal amount of clearance that needs to be allowed for the expansion of the piston when running at high temperatures. This tighter tolerance also means that the engine operates at a much quieter noise level, which is great for reducing noise pollution. A disadvantage of this alloy is that despite its good wear resistance, it has poor cracking resistance, which could affect the piston's durability.
Figure 1 – Material Property Table for Aluminium Alloy 4032 (Soegijono, 2019).
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The 2618 alloy has a significantly lower silicon content, making it less durable and more malleable than the 4032. Its advantages include that 2618 pistons cope well in high stress applications, making them suitable for turbocharged and supercharged engines (JE Pistons, 2019). However, due to its low silicon content, it does not share the heat expansion resistance properties of the 4032, as it can expand up to 15% more meaning tolerances need to be larger to accommodate for this. This affects the operating noise too, especially when cold it is noticeably louder than an engine with 4032 pistons (JE Pistons, 2019).
I would select the 4032 aluminium alloy as the most suitable material as is much more durable than the 2618 alloy as its higher silicon content is much more advantageous in terms of wear resistance, thermal conductivity and resistance to expansion which were all key points outlined in the material requirements section of the component design specification. I also believe that it would also be capable of handling the conditions within the engine, as well as being capable of lasting the average life expectancy of the engine. 
[bookmark: _Toc740835152]Manufacturing Process Selection
The two most common manufacturing methods for pistons are casting and forging, both used as they produce strong parts (Acosta, 2021). Casting is the process where molten metal is poured into a mold and allowed to cool and solidify, forming the final part which in this case would be the piston. Forging involves using force to form a product, whether the material is hot or cold. The pistons would then require secondary machining, where the low friction and smooth surface finish is achieved, and piston ring grooves and additional features are machined. Both are suitable for use with alloys, making them suitable options for manufacturing pistons. 
Forging is known to produce stronger parts than casting, allowing them to handle impacts better due to the material having a tighter grain structure (Iron-Foundry.com, 2024). This also allows for greater wear resistance, making it a perfect option for the piston and ensuring it matches the life expectancy of the engine. 
Casting, however, is much more expensive, with high tooling and die costs. Whereas the parts may be strong, and detail can be achieved on complex parts using this process, the grain structure is not as tight as forged parts, therefore they do not have the same wear resistance characteristics. Casting also requires “smaller production runs” (Iron-Foundry.com, 2024) which may not be advantageous for mass produced parts such as the EJ20 piston. 
Heat treatments are also a common step in piston manufacture, where the pistons (post-machining) are preheated, treated with a solution to remove any impurities from the part before being quenched in water and allowed to age (JE Pistons, 2019). This helps to prolong the life of the pistons and to reinforce their strength, meaning that this would also help to compensate for the low cracking resistance of the 4032 alloy that I have chosen, making it a necessary extra step in manufacturing. The final aging process would also be much longer for the 2618 aluminium alloy, which would increase costs due to it extending lead times which also supports my alternative material choice (JE Pistons, 2019).
Therefore, with cost and lifespan being key parts of the component design specification, I would select forging as the most suitable manufacturing process.
[bookmark: _Toc2030260741]Conclusion
In conclusion, I believe I have made a suitable material and manufacturing process selection that meet several of the design specifications requirements. I chose the 4032 aluminium alloy due to its advantageous characteristics and properties, such as strength and resistance to heat expansion along with forging as a manufacturing process due to its strength and lower cost in comparison to casting. 
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