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[bookmark: _Toc130749239]1.Introduction
In this report I will be discussing and going through the process of reviewing, selecting and researching the characteristics of materials and their properties. To go with this, I will also investigate the manufacturing processes of the materials. The application of the materials will be for producing and manufacturing car piston. The engine I have chosen and decided on is The Honda K20A 
The piston plays a vital role in the functioning and running of an engine. The job of a piston is to convert the energy that is created and released during the combustion phase of the engine and convert that energy into mechanical energy. Common materials that are often selected by manufacturers are; Aluminum Alloy, Iron, cast steel. This is mainly because the piston experiences high workloads. The working conditions are high temperatures and high loads.
The Honda K20A is a high-performance variant of the Honda K-Series family of engines. The engine is an Inline-4 Dual overhead cam engine with 4 valves per cylinder with a displacement of 1996cc and producing 220hp at 8000rpm and 206N.m of Torque. The engine has an 86mm bore and an 86mm piston stroke making it a square engine.
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Understanding the characteristics and the way materials react to temperatures, stress loads, working environments and tensile strength as well as various other properties is vital. Using this information choosing the correct material for piston application becomes easier. Making sure we choose the correct piston is vital to avoid component failure. If an incorrect piston material is chosen it can lead to damage such as the piston melting or the piston heads cracking etc.
Properties to look at for a piston. Thermal conductivity. Making sure a piston has a great conductivity to help give characteristics that will aid in dissipating heat when the piston is operating in temperature and. The consequence of an overheating piston is damage to the piston head the possibility of the conrod melting, damage to the piston valves and bore scoring could also occur. Another factor that should also be considered that can also lead to similar damages and issues is the coefficient of thermal expansion. Understanding how a material expands during heat cycles and over small temperature changes. With this said for a piston head application a material with a lower coefficient of thermal expansion is preferred this is because it allows for a tighter seal within the cylinder wall this prevents oil leaks and prevents piston movement withing the engine block which can lead to bottom end knock.
For material to be suitable for a piston application another material property that should also be looked into is fatigue strength. This is highest stress a material can endure over a number of cycles without breaking. For a normal road vehicle cast iron are preferred as they’re light and they have adequate mechanical resistance it also has great thermal conductivity its fatigue strength is inferior compared still and cast iron but it has the best strength to weight ration. For more commercial and heavy-duty applications steel will be the chosen material for its fatigue strength and resistance to higher temperatures and pressure. The application of the piston will decide the material of the piston.
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When selecting a material for any new projects and application there are many variables that need to be considered and looked into before making the correct decision. Looking at operating conditions of a piston the cycles it will go through as during its life cycle. Looking at the mechanical stress of the part when in operation. Normal road cars use an aluminum alloy as it’s lighter and that means that there’s is load needed to move it up a down during the combustion cycle of an engine. To add to this because aluminum alloy is lighter and has a lower density acceleration and deceleration of the piston is faster which helps in engine response and less heat is produced by the piston. For road cars and motorsport application this is perfect adding to this aluminum have a much better conserve resistivities as normal road cars the compression rings for the top and the bottom of the piston as well as the wiper ring and the oil ring all are made from either cast iron or steel as they are harder this is because steel and cast iron are less likely to warp or deform under high temperatures this helps ensure a tight in the cylinder and increases the longevity of the piston and engine. 
For commercial and heavy duty and commercial cast iron or steel is preferred as they are harder wearing, more durable compared to a road cars engine. Also as mentioned previously cast iron and steel are less likely to deform and fail under high temperatures and pressures. Though the con of cast iron and steel is that they are a lot heavier than an aluminum alloy and because of this the engine can be less refined and vibrations during operation can be more and noise as well due or the martials stiffer nature.

[bookmark: _Toc130749242]4.Manufacturing Processes
There are two processes for making a piston. Cast and Forged
[bookmark: _Toc130749243]4.1-Casting 
A cast piston is produced by taking the material of choice and melting it until it becomes a liquid from there your pour the liquid into an outdone the mound has cured and it has solidified the mound which in most cases is made up of three parts will then be removed and the basic piston shape is obtained. Once removed from the mound the cast pistons can the be sent straight to machining and then it’s ready to be put in an engine. The reason why nearly all manufacturers use this process is because once all the machines and tools investment has been made and set up you are then able to make piston on a large scale and mass manufacture them. This means it takes little time for manufacturing and costs are low.
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Forging is a different process to casting as it requires no melting of any alloys or metals. Instead, you take a rod of you chosen material cut it roughly into the dimension of your piston. From there you take you piece of billet and take it and heat up the material. Once the material is to the required temperature you place it into the forging press and forge the piston. The forging press will forge the billet into the rough shape of the piston that you need. Ron there the piston is taken to a machine and the piston is the machined into shape.
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The pros of casting are that when making the mound for your piston you can incorporate the details and complex structures into your casting molds such as valve reliefs and domes. Something that cannot be done with the forging process. Another pro of the cast piston is that it has less thermal expansion which means there is no piston slap against the cylinder wall and that less clarence is needed between the cylinder wall and piston which leads to a less piston wear.
For a forged piston the pros of these are that they’re much stronger this is because the forging process gives forged piston a superior grain flow compared to cast piston meaning that metallic grains withing the piston material are uniform are distributed better and follow the same direction making them uniform. Compared to a cast piston which is not this is what gives a forged piston it’s strength.
Cons of cast if that it’s grain flow is poor compared to forged piston this is because during the casting process there is not significant pressure is applied compared to forging and there is no pressing of the material also when the alloy is melted into a liquid when it is poured into it’s cast there are air bubbles that can come into the mixture when the liquid is being poured. Cons of forged piston is that forged pistons take much longer to manufacturer this is due to the machine time this also drives up the price of a forged piston as well.
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To conclude after researching and looking at all the different aspects and variables and researching into manufacturing processes I believe that fired pistons are what will suit the application for the engine I have chosen. This is because the application for this car will be for a performance car specifically the DC5 Honda Integra Type Rhonda Civic EP3 Type Rhonda Accord euro r. Both the Civic and Integra are very capable platform that have been proven in touring car categories make racing categories and endurance racing series such as the super daikyu series in Japan where and engine needs to be very strong, reliable and create strong power to be competitive and light as well. 
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