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[bookmark: _Toc102656339]Introduction 
This report provides an insight into the process of material selection of the internal components of an internal combustion engine. It will follow the sustainability of the material as well as the process of obtaining such material. During this study, there will be an investigation and comparison between the individual material properties and characteristics as well as how these change under certain conditions. Following these comparisons and observations, ranking of the suitable materials will be conducted to decide the appropriate material used to manufacture the desired part. As well as the investigation into the material properties, this report will also rank and state the desired manufacturing process to produce this part. During this investigation, sustainability, moral obligations, recyclability and cost will be considered when selecting the appropriate manufacturing process. Considerations when concluding the material and manufacturing approach would be the desired role of the material, for example if the part is being designed for stiffness, strength or fatigue. The staple three materials that are in consideration when manufacturing the piston are; Aluminium alloy with silicon, Magnesium and Cast iron. The respective material properties will be analysed, compared and ranked in order to find the material that is most compatible with the desired function of the piston.


[bookmark: _Toc102656340]Material Properties
The two materials in question, Aluminium alloy, cast iron have varying material properties during the manufacturing process, non-operational phase and when under operating conditions. All three environments need to be considered when ranking and deciding on the correct material to use when manufacturing the piston and under what conditions the piston will be operational. 
Firstly, when considering the material properties considerations to the change of characteristics of the material when at non-operating temperature and under operating conditions.

[bookmark: _Toc102656341]Non-operating conditions
When under non-operating conditions the material properties are sometimes at a greater risk of wear and failure during the time it takes for the engine and its respective materials to reach desired operating temperature. This needs to be considered as the majority of piston and cylinder wall wear occurs during ‘piston slap’, where the piston rings haven’t created a tight seal due to the operating temperature not being reached. This lack of material expansion causes the piston skirt to ‘slap’ the cylinder wall creating the non-desirable noise. It occurs because “the crank slider mechanism has a small gap between the piston and liner which causes a secondary motion of the piston generating periodic noise” (Narayan, 2015) To overcome this problem, a consideration of the time to expand the material to its desired size as well as the clearance between the cylinder wall linings and the piston skirt and rings. This is an advantage in using Aluminium over cast iron pistons since the material properties allow the piston to be at a greater thermal conductivity and reach the operating temperature faster, reducing the ‘slack’ between the piston and cylinder linings. This can be improved on again when the aluminium is used as an alloy with silicon. This causes the material to maintain its thermal conductivity while reducing its expansion rate. This is advantageous since the piston will be able to reach operating temperature faster than the cast iron piston while also needing less ‘slack’ and clearance between the lining and piston, ultimately reducing the amount of  ‘piston slap’ as well as the ‘slap’ period. 

[bookmark: _Toc102656342]Under operating conditions
When the engine is at operating temperature, component temperature is at around 100 degrees Celsius and due to the expansion, the piston is clearance is at the desired tolerance. At this point efficiency and capability to withstand fatigue caused by the varying conditions of the four-stroke cycle. Therefore, when ranking and selecting the material to of the material must be made to reduce turbulent air inside the combustion chamber. As well at this the ability to withstand compression at different speeds and load followed by the capability to withstand ignition temperatures.
During the compression strokes, pistons are subdued to high amounts of compression and a very hard material is suited for the level of fatigue that a piston could be exposed to inside the combustion chamber. 
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However, aluminium is the material of choice since it is very lightweight in comparison to cast iron, this has great advantages to the fatigue and efficiency of the engine since it causes a reduction in the inertia forces at the crankshaft as well as strain on other powertrain components. This with the great stiffness characteristic makes it a great candidate for a piston material, it also displays great advantages in the efficiency of the powertrain to cycle from the exhaust phase to the induction phase with little exhaust gas left in the combustion chamber.
During the induction stroke with the intake of gases, the reduction in turbulent air for a high-quality finish will aid in the circulation of air/fuel as well as the purging of the exhaust gasses during the overlap between the induction and exhaust stroke. As a result, the combustion chamber temperature is greater controlled and help reduce the amount of NOx gasses. 
A consideration when selecting a material must also be made with accordance to its recyclability. While both materials are recyclable, “cast iron can be recycled indefinitely without any decline in its properties” (Knight, 2015). As Almeco group “95-98% of the material being recyclable”, therefore both materials satisfy this consideration.
Therefore, due to the lightweight nature, machinability, recyclability and the previous capability to receive the stress and temperature change caused by the engine without failure, aluminium is the material of choice.
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During the manufacturing process of a piston, application of the part must be identified and manufactured to achieve these demands and desired properties. During manufacturing, a forged piston or a cast piston are the two potions that will be analysed and ranked.
Forged pistons lead to great ductility and strength, extremely desirable for a piston due to the previously mentioned stresses (Sharman, 2008). However, it will lead to some piston slap due to the high expansion rate. Since the rate of expansion is high, the tolerance of the cylinder needs to be greater so there is no risk of engine seizure one the engine is at operating temperature. Due to this greater tolerance, ‘piston slap’ is create, where the cylinder wall and thrust side of the piston skirt make contact. This is undesirable however can be accounted for in the racing fraternity due to the level of control typically found over the engine temperature and war up phase. 
Since the application of the pistons for this engine is to be that of a typical road vehicle available to use up to a daily basis, this is undesirable. However, cast pistons achieve qualities that suit this application greater (Vanko, 2017). At a more cost-effective rate, cast pistons still maintain the strength and durability to withstand the nature of the combustion chamber as well as the wear on the skirt during cold starts (Charita, 2008). This is due to the lesser expansion rate of the Aluminium alloy when it is exposed to Silicone during the manufacturing phase. When cast with 12% silicone the Aluminium, the manufacturer can reduce the clearance between the piston and cylinder wall, due to the greater control over the expansion (Haque & Young, 1995). As a result, there is less piston slap experience during cold starts. 
Since the aim is to produce a piston for mass manufacture, there need to be the capability to produce the pistons at a fast and cost-effective nature. Therefore, a reduction in manufacturing difficulty while maintaining a great speed of production is desirable. This will be achieved by using centrifugal casting, a casting method that effectively fills manufacturing moulds, quickly and with little difficulty (Liu, 2005). As well as being cost effective it allows the ability to vary material properties at specific locations of the piston. Due to the centrifugal nature, the process turns a vertical pour into a compression of material at the edges of the mould (Halvaee, 2005. Hall, 1948). This allows greater material strength at the outside edge of the piston where the most stress will be implied and lesser strength at the internal of the piston where the con rod and gudgeon pin will be located. As a result, this manufacturing process will aid in the wear experienced by the skirt during moments of piston slap and the temperature during the ignition phase. 
During the manufacturing process the desired hardness of the piston is achieve by controlling the RPM of the cast as well as the pouring temperature, for example, at greater RPM the harness of the piston increases (Northcott & Dickin, 1994). While at a lower pouring temperature the hardness of the cast also increases. Despite this the cast piston can experience slag and oxide films at these two conditions therefore a controlled approach varying the speed and temperature is needed to achieve the properties desire from the piston (Campbell, 2003).
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Due to the piston material and design contributes to the overall durability and performance of an engine, the material properties of a centrifugally cast Aluminium alloy (Al-Si) piston is best ranking to suit the aim of the engine. The lightweight nature of this material will reduce the amount of force that needs to be generated, therefore reducing the cost. As well as a cost reduction in manufacturing due to the centrifugal casts while maintain a piston with material properties capable of sustaining daily use under varying driving conditions, this is the best approach.
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