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Introduction
For this technical report, I must research and find an appropriate material to use for a piston that will be used in a vehicle, the choice of material will be based on varying factors such as how much it will be used, how hot will it be getting and what sort of environment will it be in, this will have an effect on the material chosen as the options will differ between malleability, melting points, strength as well as other material attributes. For this task I have chosen to create a piston for a 1400Cc, low power car engine that is used on a daily basis. This means that the piston will not experience any high outputs of power which decreases chances of various things such as overheating and therefore reducing risks of things like the piston losing its structure and shape. After finding an appropriate material, I then need to find the best option for a manufacturing method for the piston in relation to the material chosen. 
[image: ]
                        Figure 1: Image of a Piston


Material Properties

Throughout a piston’s lifespan, it will endure a lot of wear and use, it is going to experience a lot of movement as well as an immense amount of heat on a daily basis. It can also potentially come across other issues that it will need to resist such as potential friction or rubbing. This means that any piston must contain a specific set of properties, such as high strength, high wear resistance, High heat resistance and high fatigue resistance. These are the necessary properties needed within a piston in order for it to have longevity and reliability for long periods of time.
A material’s strength is the amount of force a material can have exerted on it before it permanently deforms and loses structure, a piston will require a material with high strength as it is going to experience immense loads of force over a long time and many miles, all while needing to maintain the same shape and structure or else it will cause the piston to deform and begin to make contact with the cylinder walls which will then cause the engine to break.
Wear resistance is the material's ability to retain its volume over time while enduring mechanical actions such as scraping, rubbing or sliding. A piston is made of three parts, the cylinder head, Gudgeon pin and the connecting rod. All these parts need high wear resistance because they all rub and slide against each other as well as the connecting rod being in contact with the crankshaft. The wear resistance must be high, but the appropriate oil helps with the wear as it lubricates all the previously mentioned parts.
Heat resistance is a material's ability to withstand high levels of heat without deforming or losing structural integrity. This is essential for a piston as it is constantly working at high temperatures, therefore if a piston is to last a few hundred thousand miles it must have excellent heat resistance as it will cover that mileage at high temperature levels. It also needs to have good heat resistance as a way of reducing engine damage if the possibility of losing coolant happens, the engine will run hotter without coolant meaning the pistons will also get hotter, so they could do with improved heat resistance in order to prevent engine damage if overheating issues were to arise.
Fatigue resistance is how many cycles of load a material can endure before it fails. In terms of a piston which is constantly experiencing combustion whilst also moving at a high speed, fatigue resistance is crucial seeing as fatigue could lead to the cylinder head cracking, which would cause oil and other fluids to leak through, or the connecting rod bending, which could cause the piston head to make contact with the cylinder walls  either of which could lead to a completely destroyed engine.


Material Selection
                                           
                                                                                                            
 Choosing a material can perhaps be slightly challenging as there are various choices available. Clearly the choice of material will be a metal, but within that category is still a vast range of options to choose from. To help choose we can use a material property chart.
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                    Figure 2: Material Property chart showing Young’s Modulus Vs. Density

This materials property chart is displaying Young’s Modulus (stiffness) against density. It provides us with a range of materials that range from different stiffnesses and densities and also shows us correlations between certain types of materials which can be seen between ceramics and metals for example.
The most common metals used for pistons tend to be low carbon steels or aluminium alloys.
Low carbon steels such as 836 mild steel is a common metal used for pistons. This metal is used because it has manganese added into it to improve the strength of the steel and also prevents oxidisation caused by high temperatures, as well as silicone to help reduce corrosion and wear within the metal and provide durability during high temperatures. The composition of this low carbon steel also benefits the heat resistance of this metal which overall makes it a good material to use for a piston as it is strong, heat resistant and wear resistant.
[bookmark: _Int_q80q2Taf]Aluminium alloys are typically mixed with high amounts of silicone and are used because they have a low density while maintaining a high heat resistance as well as good strength. Thus makes these pistons ideal for cars that have more power as it keeps the car lightweight whilst also being able to endure the extra load the pistons will be receiving. Forged aluminium is one of the best materials to use for a piston, they are manufactured in a different way that makes them stronger than normal casted pistons as well as more dense, however it does allow for the engine to produce higher compression ratios and more power which is why it is such a popular choice. It retains all of the properties that aluminium alloys have but provide a high range of power for the engine.  
Cast iron is also an option as it has low thermal expansion as well as a high heat resistance, it also has the capability of needing less clearance than cast aluminium alloys, providing for better compression and less likelihood of leaks. However, cast iron seems to be more commonly used in piston rings rather than the actual piston due to its capable of retaining its shape at high heats as well as under a lot of pressure.


Manufacturing Process
There are two types for manufacturing for pistons, these are called casting and forging.
[bookmark: _Int_0rJAZt33]Casting is one of the more common methods of creating pistons, it involves creating a mould and then pouring molten metal of choice into that mould in order to create the ideal product, this method can be used for more than just pistons. This manufacturing process can be used to create engine blocks, transmission housings and many other things outside of automotive purposes, such as in the medical field or aerospace. There are multiple types of casting such as sand casting, die casting and investment casting. Sand casting offers more freedom when casting as it allows for a mould to be closed profiles, it also takes under a minute to produce a finished product and also allows for flexibility within the mould as minor changes can be made at any point. Some disadvantages to sand casting that it is susceptible to shrinking whilst the metal solidifies as well as typically having a rough finish that has to be cleaned up and lastly can be inaccurate in size due to the shrinking. Die casting is another method of casting, advantages of this are that it can produce thin and complex, yet strong products as well as having high rigidity and hardness. It also has high dimensional accuracy and casts smooth surfaces. Disadvantages of die casting are that they can easily be porous which affects the structural integrity as well as only being able to work with non-ferrous metals. Lastly, we have investment casting which has the benefits of also producing a smooth finish, it also provides rapid production as well as tight tolerances, it can be used for small and big castings and can be used for a wide range of metals. Disadvantages of investment casting are that it's hard to do small cores and holes and it's also labour intensive due to its complexity.  Casting leaves the end product almost perfect with very little machining involved apart from cleaning up the final product making it a cheap, cost efficient way of manufacturing that can be mass produced with ease.
Forging is a manufacturing process which involves heating up the metal and using pressure, impact and other applied forces to shape the metal into a desired item, in this case a piston. Forging creates a stronger end product that is less likely to have weak points within itself, this due to the atoms being compressed together rather than being melted down into a liquid and poured in, which allows the atoms to solidify in a non-uniform manner that allows for weak spots that could lead to damage to the piston. A downside to forging is that, unlike casting, forging requires a large amount of machining after the shape has been accomplished, this includes creating the slots for the piston rings as well as the relief holes and the hole for the Gudgeon pin to enter. It is also not possible to endeavour on other tasks while forging as it requires full attention of the person. Furthermore, it has a high risk of oxidisation due to the high heat and is quite hard to maintain close tolerances. These factors are what causes forging to be a less cost-efficient method of creating pistons as its more expensive to produce.


Conclusion
[bookmark: _Int_xj02RGy2]In conclusion I have decided to use mild steel that will be investment casted as it cannot be die casted, but it still allows for a refined and high-quality finish that requires minimum machining, however I would have to machine the hole for the Gudgeon pin due to investment castings inability to produce small holes and cores. I will be using mild steel because the piston does not have a big power output therefore it does not require something like forged aluminium that can handle an abundance of power, it would simply be unnecessary for this vehicle to have forged pistons. The investment casting has been chosen because it is the best option to mass produce this piston as the car is a mass-produced vehicle and investment casting can rapidly produce these pistons at a high-quality finish and just needs a small amount of machining. However, it may cause issues when creating Gudgeon pin as it is quite a small part that requires to be casted with a hole in the centre, but that would be dependent on the specific machine used as well as the quality of the manufacturing process. 
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