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[bookmark: _Toc127279556]Introduction

This assignment will provide a technical report of a diesel 4 stroke cylinder engine piston. Within the report, the material selection and manufacturing process will be explained. A piston is a moving component within the engine's cylinder that converts energy released from combustion into mechanical energy. Secondary research will be conducted to provide the favoured material and process required to produce the piston.
Aims
1. To explain the component design specification of a piston including range values and figures.
2. To provide material selection charts to assess an appropriate material to use for the piston. 
3. Explain how to select a suitable manufacturing process for an engine piston. Ensuring to link back to the design specification of the piston. 











[bookmark: _Toc1433921962]Chapter 1 – Component Design Specification

When designing a new component, specification requirements must be met for the component to be fit for purpose, and the environment that the component operates in must be considered.

[bookmark: _Toc210136743]1.1 Temperature 
For a diesel 4 stoke cylinder engine piston, due to working within an internal combustion engine, operating temperatures are high, specifically during the compression stroke when the air/fuel mixture ignites. According to GmbH (2018), there are differing temperature ranges for each part of the piston. 
Table 1.1 - Figures representing the temperature range in which the differing piston components must withstand.
	Piston Component
	Piston Crown
	Piston boss
	Piston skirt

	Temperature ranges °C
	200-400
	150-260
	120-180



Rathore and Kapuno (2011), explain that the piston crown withstands the highest temperature within the piston due to being furthest away from the cooling system in the diesel engine. It can also be explained through the role of the piston crown to conduct and transfer heat from the conduction gases to the other components in the piston. 
[image: ]
Figure 1.1 - An image showing a labelled engine piston. (GmbH, 2018)

[bookmark: _Toc197831024]1.2 Mass
The mass of the piston must also be considered when designing the component. Cameron (2023) explains that the piston's weight is important as crank counterweights become smaller as pistons become lighter, which eases the problems of torsional vibration and makes for an easier drive. The required range of mass (g/cm^3) of a 4 stoke cylinder diesel engine piston is 0.90-1.10 g/cm^3. (GmbH, 2018). These values must be accounted for when designing the piston. 

[bookmark: _Toc1339649100]1.3 Frictional Forces 
GmbH (2018) highlights that the frictional forces applied to the piston skirt affects the smoothness of the piston running in the engine. Therefore, when designing the piston, the roughness of the piston skirt must be considered with an advised value of 2.5-5 µm.

[bookmark: _Toc868431332]1.4 Pressure of gases 
The pressure of gases within the piston is also high and so a piston’s structure must be able to withstand them. According to GmbH (2018), the average pressure within a diesel 4 stroke cylinder piston is 8-10 MPa and so pistons must be designed based on these values. 
















[bookmark: _Toc931757614]Chapter 2 – Material Selection

When designing a new component, the material used is crucial. The specific material is what withstands the environmental pressures and keeps the component fit for purpose. Many variables must be weighed up when discussing the correct material to be used and some aspects will be limited for the benefit of the overall performance.

[bookmark: _Toc289826984]2.1 Material Selection Charts
Material selection charts can be used to decide on the most appropriate material for the component being made. Material selection charts consider the differing factors and provide information on the most suitable one. 
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Figure 2.1 - A material selection graph showing Strength (MPa) against Density (kg.m^3). (Ansys Granata, 2020).
When designing a piston, the strength of the material is a key factor. The material must be able to withstand the large combustion of gases and the pressure which is made in the process. By increasing the strength of the material for the piston, increased air/fuel mixture can be combusted. It is also important that the piston has a lower density to make it more lightweight. Sicht, J. (2019) explains that having a lighter piston enables the crankshaft to move faster without bearing heavy weight from the piston and therefore the engine will accelerate quicker. The graph shows that overall, although metals have a higher density, they have the highest strength value out of the materials. This highlights that in terms of having high strength, a metal would be the favoured option for manufacturing a piston, but this would limit the weight of the material. 
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Figure 2.2 - A material selection chart showing Thermal Expansion (µstrain/K) against Thermal conductivity (W/m.K). (Ansys Granata, 2020).
It is important to consider the thermal properties of the material when designing the piston due to the hot temperatures it operates in. The higher the thermal conductivity, the increased air/fuel mixture can ignite, and the engine will operate faster. Thermal expansion must be reduced in pistons to ensure the piston has a certain clearance value. The graph shows that metals and technical ceramics fit the criteria for pistons in these properties as they have high thermal conductivity and low thermal expansion. 
When comparing figure 2.1 against figure 2.2, it is seen that metals and ceramics are the most suited material for the piston according to the named mechanical properties. It shows that metals and technical ceramics have high thermal conductivity whilst maintaining high tensile strength. To further narrow the materials appropriate, a cost chart can be made to provide an idea of which material will be cheaper to manufacture pistons with as shown in figure 2.3. 
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Figure 2.3 - An image showing a material selection chart of strength (MPa) against the relative cost per unit volume of material (Cv,R). (Ansys Granata, 2020).
From figure 2.3 it is seen that metals have a lower relative cost per unit volume compared to the ceramics and this could be considered when choosing the material. From figure 2.3, aluminium alloys and carbon steels provide the lowest cost per unit of volume compared to other materials whilst maintaining a high strength. 

[bookmark: _Toc2010905011]2.2 Comparing materials

From figure 2.1, it is seen that aluminium alloys have a lower density than steels, making it a much lighter material. Also, from figure 2.2, aluminium alloys have a better thermal conductivity than carbon steels. When considering the lower cost per unit volume along with the strength and thermal conductivity, aluminium alloys are the most appropriate material for manufacturing a piston. 
From secondary research, European Aluminium (2022) supports the theory that aluminium alloys are the most appropriate material for pistons in diesel engines. The article goes onto explain that the reason aluminium alloys are best suited is due to not only their high strength, low density, and high thermal conductivity, but also due to being easy to machine and fabricate which is useful when manufacturing. 












[bookmark: _Toc102748422]Chapter 3 – Manufacturing Process Selection

Forged aluminium silicon and cast aluminium silicon alloys can both be used as a material for pistons and the difference being the way they are manufactured. (European Aluminium, 2020). Cast pistons are manufactured using molten aluminium which is poured into an empty mold and then cooled. (Rabotnick, 2010). Whereas forged pistons are manufactured by being forced into their shape under high pressures and temperatures just below their melting point. The differing methods of manufacturing result in differing mechanical properties that can be compared to choose the most appropriate process relating to the design specification. 
According to Wagner, B. (2022), in terms of expenses, forged aluminium pistons are more expensive to manufacture due to the large use of machines. The grain flow in the cast piston is not directionally aligned and so cast pistons are not as strong as forged pistons. When the metal is forged, the molecular structure of the alloy directionally aligns giving forged pistons their strength. This is key as pistons require high strength to withstand the high pressures of combustion. Cast pistons are lighter than forged pistons due to the low density of the metal. Although forged pistons are more expensive and heavier than cast pistons, they are the stronger piston and have an increased engine longevity and so are advised for high RPM applications in vehicles. Cast pistons provide better wear and thermal characteristics than forged aluminium, however the ductility and fracture resistance of cast pistons is an issue meaning that the cast piston can become over strained and fail quicker than forged pistons. (Bolig, 2016). 
Therefore, overall, although cast pistons are cheaper to manufacture, forged aluminium silicon alloys is the chosen material for manufacturing pistons due to its high strength and ductility.



[bookmark: _Toc2074113267]Conclusion

To conclude, after completing extensive research and creating a full material selection report, forged aluminium silicon alloys are the most appropriate material for a piston in a four-stroke cylinder diesel engine. 
A design specification was done to provide a criterion that needed to be met by the material to withstand the environmental pressures of the piston. Material selection charts were then composed to narrow done the material options regarding the mechanical properties identified in the design specification. From this, aluminium alloys and carbon steels were the materials most suited for pistons. Comparisons of the two metals were made and aluminium silicon alloys were chosen due to their higher tensile strength and better thermal conductivity which is important due to the elevated temperatures that pistons operate in. Finally, the manufacturing process of the material must be considered and forging and casting of pistons were the most popular. These two processes were compared, and forging was found the desired method due to creating a stronger and more durable material which is more appropriate for high pressured pistons. 
Material selection reports are fundamental when designing a new component as it allows for comparisons to find the material and manufacturing process that is most desired for the specific component. The report allows the engineer to be confident in the chosen material and be certain that it would withstand the environmental pressures. 
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