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1. Introduction

This report will consider the material and chemical properties a piston, in an internal combustion engine, would require. The piston will be for a Moto GP bike, so the cost of the piston needs to be considered as there is a budget for each team. The life span of the piston will also need to be considered as the vehicle will need to be reliable. Multiple materials will be researched and assessed to determine whether they are appropriate. The properties of the materials will be discussed and compared to the ideal properties a piston requires. Once a material has been chosen the manufacturing process of the piston will be discussed. All pros and cons will be highlighted of each manufacturing process to determine which is best suited to the manufacture of the pistons. Finally, there will be a conclusion recapping the decisions made. 


[bookmark: _Toc129451187]2. Material Properties

The piston is required to have many properties this is because of the environment it functions within. The piston will experience high temperatures due to the combustion within the chamber, the piston should not deform or melt due to this. Within the chamber there will also be constantly changing pressures, the properties of the material should not allow the piston to break under these high pressures. There will be many relatively strong forces acting upon the piston, these forces should not be able to fracture or damage the piston. Oxidation of the piston can also be an issue due to the oxygen content in the fuel/air mixture. The chosen material should not react with the chemicals that are being introduced into the cylinder. This section will cover the more vital properties an ideal material should have.

[bookmark: _Toc129451188]2.1. Corrosion Resistance
The piston will be exposed to multiple elements within the cylinder. These elements combined with the high operating temperature within the engine can result in the oxidisation or other reactions on the piston that would cause it to corrode. The corrosion of the piston would damage other components as well as the piston itself. Due to this the material the piston is manufactured from must be corrosion resistant to increase functionality within the engine and to extend the life of the piston.

[bookmark: _Toc129451189]2.2. Impact Strength
A piston has to experience sudden, constant changes in force. This can damage the piston if the material it is made from does not possess a high enough impact strength. If the materials impact strength is not high enough the piston will shatter/break from the sudden load being applied upon it.” If the ignition pressure level should continue to rise in high-end applications, the resulting requirements to structural strength” (Baberg, A., Freidhager, M., Mergler, H., & Schmidt, K. M., 2012). As engines are becoming more efficient the pressure on the piston is increased, indicated by the article. This emphasises the importance of a materials overall and impact strength, as the piston will undergo constant changes of the load applied to it.

[bookmark: _Toc129451190]2.3. Fatigue Resistance
The piston will undergo many strokes this has the possibility to damage the piston over time. If the piston breaks over time residue could damage the rest of the components. The material must be fatigue resistant to limit any damage it receives over the course of its life. This would extend the pistons life so that it has to be replaced less often.


[bookmark: _Toc129451191]2.4 Thermal Conductivity
[bookmark: _Hlk129191788]The thermal conductivity of the material must be balanced. This is because when the piston gains energy in the thermal store causing the piston to expand slightly. This expansion of the piston helps to keep the pressure inside the engine, as the piston will create a tighter fit with both the piston rings and cylinder. However, if the thermal conductivity of the material is too high the piston will begin to soften and deform. The piston could also melt if temperatures in the engine are high enough. “the thermal and mechanical piston loads in the combustion chamber are so immense” (Baberg, A., Freidhager, M., Mergler, H., & Schmidt, K. M., 2012). There must be large considerations when it comes to the thermal conductivity because as the paper highlights the temperature in within the engine can increase so much piston material can receive damage. 


[bookmark: _Toc129451192]3. Material selection

The material that is chosen must have similar properties to the ones listed in section 2 of the report. Other things will also have to be considered such as cost of the materials, as this would be a large restraint when manufacturing a production vehicle. There will also be considerations into what methods of production are most efficient for each material, due to the different qualities they may have. How the materials are made will be included as well, as the production of the materials could have environmental impacts. Some of the materials may have to be specially made as it could optimise the quality of some alloys.

[bookmark: _Toc129451193]3.1. Steel alloys
Steel alloys have a high hardness; this will be crucial as the piston will have to be able to withstand the force of the combustion in the chamber. To support this, they also have a relatively high strength allowing them to resist any deformation from the pushing and pulling forces coming from the engine. Due to the low reactivity of steel alloys, they have a high corrosion resistance. This is a vital component as the conditions within the engine are ideal for oxidation. As steel is mostly made from metals it is a good conductor of thermal energy. However, in comparison to other alloys and metals its thermal conductivity is relatively low.  “At elevated temperatures stainless steel generally exhibits better retention of strength and stiffness” (Gardner, L., Insausti, A., Ng, K., & Ashraf, M., 2010). This can be a benefit as shown in the source as steel keeps its strength as temperature increases, making it less susceptible to fatigue. However, its low thermal conductivity could limit how much the material would expand, and therefore not pressurise the cylinder as much as other materials. “SS 316L bulk density is 8.00 g/cm³” (Yakout, M., Elbestawi, M., & Veldhuis, S. C., 2019). The density of steel alloys is relatively high as shown, which is equivalent to 8,000 kg/cm³, this is the highest out of the three considered materials. Steel alloys tend to have a lower price than other alloys however, a more high-quality steel alloy can have a similar price to aluminium alloys.

[bookmark: _Toc129451194]3.2. Aluminium alloys
[bookmark: _Hlk129338926]Aluminium alloys are known for having a “high wear resistance” (Manasijević, S., Radiša, R., Markovic, S., Aćimović-Pavlović, Z., & Raić, K., 2011). This is a valuable property as it indicates that the material is fatigue resistant. As Aluminium is widely used within motorsport vehicles it does indicate that the material has the strength to retain its shape when the forces of the engine act upon it. However, the strength of aluminium and its alloys is less than other materials such as steel. Aluminium alloys can have the ratio of materials within the alloy altered so that specified properties are altered. “16–18% chromium that gives the alloy a corrosion resistance” (Yakout, M., Elbestawi, M., & Veldhuis, S. C., 2019). This can allow some flexibility within the materials properties as they can be altered. However, this does have its limits. Aluminium alloys are corrosion resistant, this comes from the “chromium” (Yakout, M., Elbestawi, M., & Veldhuis, S. C., 2019), as stated in the above quote. Aluminium alloys have a high thermal conductivity, this allows them to expand at lower temperatures than steel. This pressurises the engine before a steel piston would. “Piston aluminium alloys are a special group of industrial aluminium alloys, which have high mechanical properties at elevated temperatures (approximately up to 350 °C)” (Manasijević, S., Radiša, R., Markovic, S., Aćimović-Pavlović, Z., & Raić, K. 2011). This shows how aluminium has more ideal properties when operating temperatures are reached within the engine. Aluminium has the lowest density out of the three considered materials.

[bookmark: _Toc129451195]3.3. Titanium alloys
Titanium alloys have many desirable qualities and can be used to the manufacture of pistons. Titanium has an “outstanding corrosion resistance” ( Sarma, J., Kumar, R., Sahoo, A. K., & Panda, A., 2020). Due to the materials corrosion resistance titanium would be an ideal material for a piston. Titanium alloy is also very strong, especially when compared to aluminium, “has higher strength than aluminium alloy” (Bin Zheng, ShengYan Fu and JiLin Lei’, 2022). The articles statement favours titanium over aluminium when it comes to strength, strength is a key property of a piston’s material.  Titanium is also fatigue resistant which allows it to be a reliable material in a vehicle. Titanium has a significantly lower thermal conductivity of aluminium but has a higher thermal conductivity than steel. Also, similar to its thermal conductivity, titanium’s density is also in between the two other material options.
 
[bookmark: _Toc129451196]3.4. Selection 
Other aspects of the materials must be considered, these aspects are shown in the comparison table figure 1 below. A steel alloy piston will have too much mass to be applied to a Moto GP bike. As teams are trying to engineer faster bikes to beat there competitors they try to reduce as much weight as possible, in this application steel alloy is not a practical. Titanium alloy has many useful properties however, those properties would not be utilised in this application of the material. Moto GP teams also have budgets they need to be within, so titanium alloy would take a large sum of this up if used as they have seven engines for the season. Aluminium alloy is the most suitable, this is because of its reasonable price, low density, and easy machineability. This will allow the team to keep the bike light weight and not overspend on a piston material.
	Figure 1

	Price (in comparison to the other selected materials)
	Machineability (in comparison to the other selected materials)

	Aluminium alloys
	More than steel, less than titanium 
	Least difficult

	Titanium alloys
	Most
	Most difficult

	Steel alloys
	Least
	Less difficult than titanium, more difficult than aluminium








[bookmark: _Toc129451197]4. Manufacturing process

This section of the report will analyse two different types of production for the aluminium alloy piston. The method of the two types of production will be explained, allowing a more in depth idea of what pros and cons each one offers. A comparison table will be made to determine which method is the most cost effective and suitable for the aluminium piston. job shop manufacturing will be used and will influence the decision as very little will need to be manufactured. This is as only twenty-eight pistons will be needed, due to the fact only seven engines are allowed per team.

[bookmark: _Toc129451198]4.1. Forging
In the forging process a rod of aluminium with a diameter that is the same as the piston head diameter. This rod would be cut into appropriate lengths for the piston. The surfaces of the cut off will be faced off, this will most commonly be done on a lathe. Once all imperfections are removed the cut off is placed into a heated die and the top die insert is pressed into the material using a forge. The piston is then removed, allowed to cooldown then heated and quenched to harden the material. Now the piston needs to be machined down to remove excess from the forging process and to finalise the shape of the piston.

[bookmark: _Toc129451199]4.2. Sand casting
In sand casting a mould is made by imprinting opposite halves of the component into two metal containers filled with sand. The containers are compressed together with the moulds facing each other and a hole made in the sand to going into the mould. The aluminium would be melted down and poured into the mould. The piston is now left to cool and solidify. Once the piston is removed it is heated up and quenched. Now the piston can be machined to remove imperfections and finish the shape of the piston.
[bookmark: _Toc129451200]4.3. Comparing manufacturing processes
	
	Cost of the process
	What parts is the process generally used for
	Benefits of the process
	Disadvantages of the process

	Forging
	Forging has a higher cost than sand casting
	Forging is used to make parts that have to resist high loads of pressure
	Forging produces stronger components
	Chance of oxidisation when the component is cooling, and is limited to simple shapes

	Sand casting
	Sand casting is significantly cheaper than forging.
	Sand casting is used for less detailed components 
	Sand casting can produce multiple components can be made at once
	Sand casting can produce an extensive range of defects relating to the components shape



Forging is more suitable for manufacturing the piston. there is a lower chance of defects within the component when forging, the piston will also be able to withstand higher loads of pressure within the engine. Forging is more expensive however the quality of the component outweighs this disadvantage as the piston is a vital part of the engine that has to be relied upon.

[bookmark: _Toc129451201]5. Conclusion

In conclusion the aluminium is the most optimal material to choose. It is a strong material which can operate at the temperatures required from it as a piston. it is also corrosion resistant which makes the piston more dependable. So aluminium fits with closest with the specified properties for the piston. when it comes to manufacturing the aluminium piston, forging is the most suitable option. This is as it produces more durable components that have little to no imperfections. The pistons will also be made using the same dye with this method so all of the pistons will be near identical. 
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