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[bookmark: _Toc164618739]Introduction
The purpose of this report is to find and analyse a suitable material for a specified engine or suspension component. The component covered will be the piston of Yamaha’s CP2 engine, a mid-sized, 689cc, two-cylinder engine used in the MT-07, YZF-R7, and XSR700. One main focus of this report will be to develop an in-depth design specification on the piston, which will consider, the purpose of the engine, manufacturing and maintenance costs required for each area analysed. Additionally, choices and analysis will be supported by research and external information.
[bookmark: _Toc164618740]Component Design Specification
[bookmark: _Toc164618741]Marketing Requirements
Key requirements regarding the product marketing are the pricing, design functionality and aesthetics, performance, and marketability. For pricing, its important to consider, the overall price needs to be desirable to the customer, over competitors’ products, in order to gather attention, this is accounted for in many ways, such as, material choice and costs, manufacturing equipment, and profit margins.
Design functionality and aesthetics cover the purpose of the product, being an engine piston. In terms of aesthetics, there aren’t a large number of needs as it needs to be more functional than aesthetically pleasing, meaning the piston will need to be design to the specification of the rest of the engine components, like the piston and oil rings, valves, connecting rod, etc.
Performance within marketing, must consider the projected and desired aim for the product to be able to sell, for such a specific product, the projection and reality are going to be fairly relative due to the regular supply and demand for new bikes and engines to maintain a surplus for customer needs.
Marketability for this piston is relatively minimal as it will be solely supply and demand for the engines and motorcycles, as a result, the marketability should be covered through advertisements for the specific bikes and the company. For Yamaha, sponsorships and participation in motorsports are a key way to gain additional wide spread attention. 

[bookmark: _Toc164618742]Operating Requirements
Key requirements regarding the product operation are the installation, use, maintenance and repairability (useability), life expectancy, environmental impacts and recyclability, and potential unintended/excessive use.
Requirements to consider when focusing on the useability are the ease of self maintenance and repair, and the ability to access the necessary tools or services for more specific tasks involving the product. All areas of which will help appease the customer base and therefore lead to potential loyalty from customers.
For life expectancy, environmental impact and recyclability, the key considerations should be the service length of the component, usually measured by mileage and component age, the emissions produced by manufacturing and recycling each unit and the effect that can have towards the air pollution. Finally the ability for the product to be recycled is important due to the materials used, which can in turn reduce costs in the future for other components that can be manufactured using recycled metal.

[bookmark: _Toc164618743]Production Requirements
Key requirements regarding the product manufacturing are the, previously mentioned, material cost, manufacturing processes, and tool requirements, final/finishing processes, production quantities. 
Material cost, and tool requirements, both of which, covered within manufacturing process considerations. Before anything else, the design needs to be made and finalised, this should include, the method of manufacturing, and material used. The importance of cost is a significant consideration, as there are many areas to pay attention to, the biggest of which being the cost of manufacturing as this can vary as a result of the chosen method. 
Finishing processes are an addition that will add both quality and costs which requires specialist equipment and personnel in order to complete the process to desirable levels. However, the addition is a necessary one for the piston as it allows for minor and accurate detailing for getting potentially rough surfaces smoothed out for minimal friction and excessive wear when in service.
The main factor to be considered for production quantities is the supply and demand of the piston which would be 2 per motorcycle, and additional 2 per motorcycle for any issues that may arise either during production or later in the engine’s life. 
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Description automatically generated]With all requirements laid out above, it is important to pin point the materials available for use and understand the properties along with the cost to mass produce with certain materials over others. The main selection of engine piston materials are aluminium alloys more specifically aluminium silicon alloys due to the high temperature resistance and ability to be both cast and forged. Additionally, for the Young’s Modulus E (GPa) and strength (MPa) of the aluminium alloy range the cost per unit volume   is relatively low being at the mid range shown in figure 1 and figure 2, with approximate numbers 65-80GPa for roughly 0.8-1.05 relative cost. These will both be analysed in greater detail through material selection. 
[bookmark: _Toc164618749]Figure 1 (Ashby, 2011, p. 141)
[bookmark: _Toc164618750]Figure 2  (Ashby, 2011, p. 140)


[bookmark: _Toc164618744]Regulatory Requirements
Key requirements regarding the regulations are ensuring compliance to legislations and the consequences of not complying with certain legislative requirements, industry standards, and patented designs.
Non-compliance can be a very dangerous area to be in for any manufacturer and is even more significant for any manufacturer dealing with motor vehicles, as a key component such as the engine pistons in question being out of compliance can pose great amounts of danger to both the vehicles operator and even bystanders in a worst-case scenario.
The biggest standard to follow within production is the Industrial Emissions Directive (IED) (GOV.UK, 2020) in the United Kingdom specifically, following this means to reduce and prevent pollution in any form, from manufacturing. This directive is more important when considering the materials and manufacturing processes for the component discussed throughout this report, as a result of the emissions that are produced when manufacturing aluminium, both through electrical power needed and chemicals released from molten metals.


[bookmark: _Toc164618745]Material Selection
The first area to consider when it comes to choosing the material for the CP2 piston would be to consider the function, in this case being the piston of a middle weight motorcycle, meaning it will experience high loads, temperatures, wear, and potential corrosion. With those accounted for, the manufacturing is next to be considered, as this can heavily impact choices due to the fact that different materials will cost different amounts to manufacturer as a result of methods and processes.
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Description automatically generated]The aim and purpose of the piston is to work within a system and must be able to seal sections off from one another, while also connecting to other components. Part of the aim and function is of course the ability to withstand the high pressures and temperatures of the combustion while also being light enough to not have a significant impact to the handling of the motorcycle. Additionally, the choice of material will also vary due to predicted wear to the piston based on both calculations and simulations taken.
In many areas of, both aerospace and automotive, both magnesium alloys and aluminium alloys are widely used and considered (Ujjwal Singh, 2020). The first property to analyse between the two alloys is the modulus and strength to cost values, as using figures 1 and 2 it is shown that magnesium alloys [image: A diagram of different types of material

Description automatically generated]have a greater cost per volume while also having a lower Young’s Modulus and strength in comparison to a portion of aluminium alloys. One upside to magnesium alloys and drawback of aluminium alloys is the strength to density ratio as shown in figure 3.[bookmark: _Toc164618751]Figure 3 (Ashby, 2011, pp. 7-8)
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	Property
	Aluminium Value
	Magnesium Value

	Crystal Structure
	FCC
	HCP

	Melting Point (°C)
	548-660.2
	330-650

	Boiling Point (°C)
	2480
	1090

	Mean Specific Heat (0-100°C) (J/g- °C)
	0.836
	0.8-1.45

	Thermal Conductivity (273-373K) (W/m-K)
	150
	44.3-159

	Co-efficient of Linear Expansion (-100-100°C) (μm/m-°C)
	15.5-23.5
	13.8-28

	Density (g/cm³)
	2.6898-2.88
	1.33-2.4

	Young’s Modulus (GPa)
	68.3-115
	38-120


[bookmark: _Toc164618754]Table 1 – Aluminium alloys (Aalco Metals Ltd, 2024) and  vs. Magnesium alloys (MatWeb, LLC, 2024) 
Table result may vary due to alloy construction and treatments.
Using the information in all figures, and table 1 the two alloy groups can be assessed and compared. Looking at the properties for both, it is clear that the melting point is significantly better for aluminium alloys, as the lower temperature boundary is much higher at 548°C compared to 330°C which is much closer to the maximum operating temperature within an engine depending on how the motorcycle is used. 
A point in which magnesium alloy is better is the option is the lower density while having a greater Young’s Modulus, however, as previously stated the trade off is that magnesium has a greater cost per unit volume than the aluminium which will become significantly noticeable in mass production.
When accounting for all areas covered previously, it is more ideal to go for an aluminium alloy for the CP2 piston due to the high strength and Young’s Modulus and lower cost per unit, since there will be so much material needed in order to make as many piston as are likely necessary for an international customer base and multi-platform use for the engine over 4 motorcycle models.
[bookmark: _Toc164618746]Manufacturing Process Selection
When working with aluminium alloys there are two main manufacturing processes, diecasting, and forging, both of which would be applicable to such a specific component. Diecasting being the process of melting down the alloy and pouring the molten metal into a die to fill out every area of the internal design (S. Otarawanna, 2011), and forging being a numbers of different methods, all focused around heating the metal to a high temperature without melting, and forcing it into a die to shape the heated metal (A Forcellese, 2000).
A result of diecasting is the cost being much cheaper due to the final component needing less finishing work than with forging methods, however, this does result in increased weight due to design limitations of the die. In turn, forged pistons will require more finishing work due to material that does not get pressed into the die making the process slightly more expensive. 
Despite cost considerations, the environmental impacts of both methods do differ greatly, as the process of forging produces greatly reduced levels of both emissions and waste for aluminium specifically when compared to a casting process (Aress High Duty Forgings (P) Ltd., 2023). This comes as a result of the fact that heating the aluminium for forging does not require as much energy as completely melting large amounts of material and transporting it through factories to be poured into moulds.


[bookmark: _Toc164618747]Conclusion
To conclude the report, both the ideal material and method for producing the selected, CP2 engine piston, are based on research and analysis throughout. The final decision for material used would be an aluminium alloy despite the lower strength to density ratio, due to the total cost savings, additionally, it is important to stated that the CP2 engine being a 689cc engine means it does not produce a great amount of power comparative to other larger engines, meaning the internal forces of the engine will be lower than that of larger engines, mitigating the negative side of a lack in strength of aluminium alloys.
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