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[bookmark: _Toc1141233012][bookmark: _Toc98783531]Introduction
For this technical report the set task is to research the required material properties for a piston. While researching the properties, the fact that the piston must be resistant to a certain amount of heat and corrosion must be taken account. The piston must also be lightweight and cost effective. There are many things that must be accounted for, as well as what has been mentioned in the introduction, which will be discussed later in the report. After researching and discussing the properties of each possible material, the selection process will begin. From the properties that have been researched, the choice of material will depend on many factors such as the ones mentioned in this introduction and many more that will be discussed later. The selection of the material will be discussed and how the final choice of material was selected will be explained. The next part of the report will be discussing the manufacturing processes required for the making of the piston. For this part of the report, a lot of research must be done. For this research, google searches must be performed, where different articles and websites etc will be looked at and information will be collected, referenced and put into this report.



[bookmark: _Toc98783532]Material Properties
There are two materials that will be researched in this report and those are cast iron, cast steel. After performing a google search on the possible materials that could be used to make a piston, the list was narrowed down to those specific materials. Within this section of the report, there will be subheadings for each material, where each materials properties will be discussed, and why that specific material has been chosen will be explained. 

[bookmark: _Toc98783533]Cast Iron
[bookmark: _Toc98783534]What cast iron is
The term cast iron is used to describe a group of metal alloys which have iron as their main alloying element. Metal Supermarkets(2021) However, its name is deceiving to many as many people think that it is 100% iron whereas that is not the case. To be considered a cast iron the iron alloy must have over 2% carbon, also there are other smaller amounts of alloys such as manganese and silicon which are the two most popular ones. Metal Supermarkets(2021)
[bookmark: _Toc98783535]How cast iron is a possible choice of material for the piston
Cast iron is usually applied where something requires hardness and abrasion resistance. In the case of a piston which requires both, cast iron would be a very suitable choice. As a piston is constantly moving up and down, it is susceptible to a lot of friction so the chosen material must be able to withstand any wear and tear that will be caused by the movement of the piston. Cast iron is also affordable because it has such basic alloying elements and the method used to produce cast iron is cost effective. 
[bookmark: _Toc98783536]The properties of cast iron
Cast iron is hard, and for it to be hardened the required process is simple as it just needs to be heated and suddenly cooled. This makes cast iron suitable as a material for the piston as a piston can be vulnerable to breaking so if cast iron is used it reduces the risk of that happening. The material used needs to be tough as there is a lot of energy produced in the cycles of a piston and the material needs to be able to absorb that energy so it can cope with it. Toughness is another property of cast iron. Cast iron is ductile meaning it can deform without fracturing and as a piston changes shape during cycles, it can’t be susceptible to fracture. Following on from the deformations that a piston requires, cast iron is malleable meaning that when the piston is being compressed it won’t rupture. The melting point of cast iron is very high at 1204 degrees and the material of this piston is required to withstand high levels of heat; the melting point of cast iron is suitable for these levels of heat which supports why it is a suitable choice. Sabhadiya(n.d)




[bookmark: _Toc98783537]Cast Steel
[bookmark: _Toc98783538]What cast steel is
Cast steel is an alloy that has a maximum carbon content of 0.75%. To produce an object made of steel, liquid steel is poured into an empty mould and it’s hardened to form a solid metal object. High-alloy steels have a >8% alloy content and using stainless steel as an example can produce properties such as corrosion resistance, wear resistance and heat resistance. Typically, the alloys used in high-alloy steel is >10.5% chromium and between 11-15% manganese. 
Reliance Foundry(2021). The use of chromium produces exceptional corrosion resistance, and the use of manganese produces greater strength and abrasion resistance. 
[bookmark: _Toc98783539]How cast steel is a possible choice of material for the piston
The use of chromium as an alloy for cast steel means the material has a very strong resistance to corrosion. The constant movement of a piston means that it can rust quite easily and the easiest way to prevent that rust would be to ensure the material used to make the piston is as corrosion resistant as possible. The use of manganese as an alloy for cast steel ensures the material is abrasion resistant. As the tension within the piston is quite significant, the resistance to wear is another great factor to take into consideration while deciding on a material as that material must be strong and must be resistant to abrasion. 


[bookmark: _Toc98783540]The properties of cast steel
The hardness of steel is a property that reaps great benefits if this material is used. How hard the material used is, determines whether the piston can withstand any possible wear and tear caused by movement or tension. The amount of carbon used determines the maximum hardness the steel can possess. The ductility of steel means that the material can deform under tensile stress. A piston is required to change shape therefore the low amount of carbon used is good as it allows the material to deform under tensile stress. In addition to this, another property is strength, the strength of cast steel determines how much force is required for the material to deform. Using a lower carbon content results in less force needed to deform the material. As toughness is a property of cast steel, the material can withstand stress, the higher the ductility, the more stress it can withstand. The ability to withstand friction is essential when deciding the material, as mentioned before a piston moves up and down constantly which can cause a lot of friction. This property is wear resistance, and is one of cast steel. It’s exceptional resistance to corrosion is beneficial for the piston, as it can succumb to rust and oxidization. Therefore, corrosion resistance is necessary. The melting point of cast steel is in the range of 1300 – 1400 degrees. Having such a high melting point is a huge factor to consider as a low melting point would result in a possible melting as it works in such a hot environment because of the large amount of friction created by the movement of the piston. Reliance Foundry(2021)

[bookmark: _Toc98783541]Material Choice
To choose the material, research was performed looking at the advantages and disadvantages of both materials. After review, both materials are very suitable to what is required for a piston. However, only one could be chosen.
[bookmark: _Toc98783542]Cast Iron
Firstly, cast iron was looked at. The lower grade iron has very low tensile strength therefore it can only produce metal parts with low physical requirements. However, looking at high grade iron, it can withstand greater load and it has a great corrosion resistance. This allows more important castings to be designed such as pistons. The material has high strength, heat resistance and toughness which when making a piston are some of the most important properties. However, the production technology is high. This means that production costs are great, and production of this material is very robust. Castings For Industry(2019)



[bookmark: _Toc98783543]Cast Steel
Cast steel has a very good flexibility range. This would be very useful if this material was used, as it means that more complex shapes can be made, which is what a piston is. It is a complex shape. The reliability of this material is good because of factors such as the weight. It is strong. However, a piston is required to be lightweight, and to make a piston lightweight using this material would mean it would lose some of its properties. Although simpler, the casting performance is quite bad compared to cast iron, and the costs are high for this material. It also has a low wear resistance which as mentioned is very important therefore this suggests that it is not as suitable for a piston than cast iron. Castings for industry(2019)

[bookmark: _Toc98783544]Final choice
Having reviewed both materials, comparing the properties, the advantages/disadvantages, the final choice of material is to use cast iron. When making a piston many factors must be looked at. The fact that being lightweight is a very important factor means that cast steel wouldn’t be best suited for a piston whereas cast iron is. A piston made from cast iron would reap all the good properties that cast iron possesses and makes it an overall better choice. Although production costs are great, cast steel has high costs also, and the casting performance is quite poor. There are more benefits from cast iron in the case of a piston than cast steel and that lead to the decision made.

[bookmark: _Toc98783545]Manufacturing Process
The first step in making cast iron is for iron ore to be melted in a blast furnace until it becomes molten. The molten iron is then cast into the shape of an ingot and the cast iron ingots are melted into a final mould. During the remelting of the cast iron ingots, many metallurgical modifications are made to it as a result of alloying elements being added to it and heat-treating processes. The process used for cast iron pistons is gravity die-casting. Within this process a permanent mould is used for the exterior of the piston, and it finishes with sand cores for the cooling gallery and piston cores. By using a permanent mould means that the metal fluidity improves, which allows for the manufacturing of pistons that can be used for heavy duty applications. The mould used is metal which acts as a cooler which is required for the metal to be cooled. The reproducibility and repeatability are also excellent resulting in mass production of these types of pistons. As a result of the flexibility of the casting lots, prototyping is much faster again creating an easy solution for making mass production. Hrdina(2018)

[bookmark: _Toc98783546]Conclusion
To complete this report a lot of research was done to support it. Having completed the report a broader range of research skills have been absorbed. The skills that have developed from completing the report will most certainly help with the remainder of the course, and even further on where they can be applied in a future engineering job. Throughout the report many comparisons were made between two materials, and these comparisons have widened the knowledge of this topic greatly. Having to take so many factors into account to eventually come to a final decision of what material would be best to use will greatly expand any problem-solving skills, and the research done to account for these factors justifies why the chosen material would be used.
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