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1. Introduction 

This report is based on the material properties, material selection and manufacturing process of pistons used in the internal combustion engine. A piston in the internal combustion engine is required to undertake an enormous amount of stress and strain during its cycle, it is also required to have good heat resistant properties these requirements enable the piston to resist the gas pressure and inertia forces. 
2. Material Properties 
Pistons are produced from cast or forged high temperature resistant aluminum silicon alloys. There are three standard types of aluminum alloy pistons used. The standard types of pistons are the eutectic alloy that consists of 12% silicon, 1% copper, 1% Nickle and 1% magnesium. Special eutectic alloy which is has an increase in strength at higher temperatures and the hypereutectic alloys which have from 18-24% silicone which provides a lower thermal expansion and wear but due to this it lowers the overall strength of the material. 
Forged pistons from eutectic and hypereutectic alloys exhibit higher strength and are vastly used in the motorsport industry due to their capabilities when the pistons are under greater stresses. The forged pistons have a finer microstructure than the typical cast positions with the same alloy composite. The pros of the forged pistons are gaining greater strength in the piston materials and increase in low temperature strength.
Application of a piston and the environment in which it works:
In an internal combustion engine, the application of a piston is to convert the thermal into mechanical energy during its cycle. The piston's main functions are:
· To transmit the gas forces via the connecting rod to the crank shaft 
· To create a seal in the combustion chamber using the piston rings to stop gasses entering the crankcase preventing the infiltration of oil from the crankcase into the combustion chamber
· To dissipate the absorbed combustion heat to the cylinder liner
Pistons are subjected to an extreme amount of force during the cycle from the cylinder pressures reaching up to 200 bar of pressure, thermal loads and the extreme amount of inertial force caused by the high acceleration during the reciprocating motion of the pistons. When selecting the pistons material properties that are suitable for the environment in which it will be working in, it will be required to have corrosive resistant properties to prevent scoring of the cylinder bore, strong wear resistance, low density, low coefficient of thermal expansion and high specific strength.




3. Material Selection 
As aluminum alloys are the most widely used material for pistons in gasoline powered cars various aluminum alloys were considered. When selecting the material for the piston it is important to understand the range of available aluminum alloys available on the market categorized through a numbering and lettering system. Two series of aluminum pistons were compared four thousand and two thousand, the benefits of the four thousand series aluminum particular the 4032 is that they are a far stronger material, and they are also great in high temperature conditions however tend to have a shorter lifespan due to greater cyclic strain from the higher aluminum content expanding more when at operating temperature than a two thousand series alloy. The next alloy is a two thousand series in particular the 2618, the benefits of this series aluminum is that it is that they are more malleable allowing for less costly forging as a result of less pressure required to press the material. These pistons also behave far better in applications where the engine is revving at high RPM over extended periods of time due to the piston having a greater mass which enables it to conduct heat from the combustion chamber to the engine walls with the best efficiency for its class. 

	2618
	4032

	Aluminum
	93.7%
	Aluminum
	85%

	Copper
	2.3%
	Silicon
	12.2%

	Magnesium
	1.6%
	Magnesium
	1.0%

	Iron
	1.1%
	Copper
	0.9%

	Nickel
	1.0%
	Nickel
	0.9%

	Silicon
	0.18%
	 
	 

	Titanium
	0.07%
	
	



The table above shows the difference in composition between 2618 and 4032. It can be seen that the alloy 4032 with the greater amount of silicon has the best applications for an engine expected to have a longer lifespan, this is because of the anti-corrosion properties and reduced friction with the cylinder bore walls properties given by the greater amount of silicon. The alloy 2618 shows a far lower amount of silicon and more copper in the mix, it can be seen when looking into the composition of the alloy 2618 that the silicon spreads evenly across the material and the copper binds with aluminum forming small crystalline structures that aid with the reinforcements and strengthening of the alloy enabling it to take greater stresses from the movement and heat cycles within the engine. 
For this report, the route of forging will be selected in the manufacturing process. Although alloy 2618 would be a cheaper material to forge alloy 4032 will be selected as its lower mass will put less strain on the engine and its lower heat conductivity is still acceptable for a regular driving environment, the more expensive forging process will save money in the long run as the finished piston product will have a longer life cycle therefore can be commended for a premium. 
 


4. Manufacturing Process

For manufacturing the pistons, the casting and forging process was taking into consideration. The benefits of aluminum 4032 is that it can be produced successfully in multiple ways. In order for a piston to be cast the alloy must be melted down and then poured either into a solid metal cast of or alternatively into a sand cast. The benefits of a solid cast are that the main cost is the initial production of the cast itself, each cast would be capable of producing over a thousand pistons before requiring maintenance or replacement leading to a cheaper production cycle in the long term. Looking at the sand cast the producing of the cast are cheaper than the solid metal casts this ultimately means that the production would be even more cost efficient, the downside however is that the finish of the piston may have uneven surface that would be required to be polished or machined the piston that is produced by the sand cast will also have a lower rigidity compared to the solid cast. Another process that can be considered is tampering. T4 and T6 are two forms of heat treatment that can be applied to the pistons once they have been removed from the casts and cooled to room temperature. The process of heat treatment begins with heating the pistons up to 500-600 degrees and kept at the high temperature for up to two hours this causes the elements in the alloy to dissolve and spread more evenly across the alloy leading to better heat conductivity and greater rigidity. The pistons are then removed from the forge and rapidly cooled by being quenched in a cold-water bath, they are then re heated to around 200 degrees and left the naturally cooled down to room temperature.
 The next manufacturing process looked in to is forging. When forging a piston made of aluminum 4032 a long block a cylindrical aluminum is cut to equal lengths of the mass of each piston. Each block of aluminum is heated in batches to 400-500 degrees, each block is then removed from the furnace, placed into a large press, and pushed into the form of the piston, the piston is then removed and rapidly cooled by quenching in a cold-water bath. The befits of the forging process is that the pistons produced from the alloy have a structure that is far more uniform when looking at the position of all the atoms in the piston alloy mix this means that the piston has a far greater rigidity than those produced through the casting methods, the structure of the atoms in the alloy conduct heat far more efficiently to the cylinder walls than those produced in the casting method as the particles vibrate in a more uniformal pattern. The forging process was ultimately selected for manufacturing as although the cost of production is greater the resulting product is far stronger and reliable than that of the cast, the forging process is also much faster than casting as the raw material can be heated in batches and immediately pressed into each piston one after the other as opposed to melting the aluminum allot, pouring it into multiple casts and waiting for it to cool. The heat-treating process is also skipped for the chosen method of production to save on time and costs.





5. Conclusion 

There is a wide variety of alloys that can be employed in the production of a piston. in order to choose the best alloy, it is important to have a clear understanding of the environment the piston will spend its life in which is impacted by the type of engine and workload it will undertake, it is also important to take into account the budget and time and how it will affect the manufacturing process that would be available. This tech report outlines that the characteristics of the aluminum alloy are in depended on the manufacturing methods that they go through. To conclude when producing a piston, the requirements of the material along with the means of production must be taken into account in order for the most suitable alloy to be chosen alternately the production of the piston should be tailored to the material selected to ensure the finished product is ideal for the material properties outlined by the engine it will be used in.
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