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[bookmark: _Toc164347055]1.Introduction 
The purpose of this design specification is to gather information about materials and manufacturing process of a piston. The piston will be used in a Ferrari GTE car. A piston is a vital component in a vehicle that need to have the right material and manufacturing, as it needs to withstand a temperature of around 240c and also an extreme amount of load. 
In order to do this, we must look at and evaluate different types of materials and their properties to make sure that the material can withstand heat and the load being put on it. We must also look at the manufacturing specification of the component, either casting, forging etc. 
[bookmark: _Toc164347056]2.Component Design Specification 
When designing a component such as a piston it is important to taking in factors such as what type of material and what manufacturing process will it take to make the component. When choosing a material, it is important to look at the cost of that material as well as other factors that would benefit a high-performance car such as a Ferrari GTE. Environmental issues must also be thought about as the work is becoming ‘greener’ it is also important to look at how friendly the material and the manufacturing process is to the environment. The piston component will be used in a harsh environment inside a performance vehicle. It will have to endure large amounts of force and high temperature conditions in order to perform at its best. The target audience of the piston will be high performance car manufactures who would like to use these pistons in their track/race cars. As the piston component is not a visible component in a car, nevertheless it should still have an immaculate surface finish making it look and feel luxurious.
[bookmark: _Toc164347057]3.Material Selection 
When choosing a material for a piston, it is important to consider factors such as how much heat can the material stand or how much force/load can be put on the material. The main materials that will be evaluated to be used is Aluminium, Cast Iron, Magnesium and Titanium.
	Aluminium
	Cast Iron
	Magnesium
	Titanium

	Lightweight
	Durable 
	Lightweight
	Lightweight 

	Corrosion resistant
	Can withstand load
	Heat resistant 
	Strong 

	Excellent heat conductor
	Excellent heat conductor
	Not corrosion resistant 
	Need special manufacturing techniques

	Can withstand load 
	Easily corrode 
	Require special manufacturing 
	Very durable 

	Expands 
	Heat resistant
	
	Expensive  

	More expensive 
	Heavy
	
	

	
	
	
	


[bookmark: _Toc164205255]Table 1- Material Selection (Metal Materials of Cast Pistons – Aluminum Piston vs Cast Iron Piston, 2023).
When narrowing the selection down to one material it is important to consider all the factors in Table 1. Both Magnesium and Titanium are very good and effective in a high-performance vehicle, however Magnesium would need a special manufacturing process in order to prevent corrosion and Titanium would also need to be manufactured using special techniques which would in addition add extra costs. Both Aluminium and Cast Iron have their advantages and disadvantages when coming to material selection. Aluminium has a much better thermal conductivity than cast iron which can help increase the engine life as it can dissipate heat easily. Aluminium pistons are also lighter weight which can therefore improve the vehicles performance on the track. However thermal expansion is common for Aluminium pistons as it heats and can increase the coefficient of friction as it rubs against the cylinder wall. On the other hand, Cast Iron pistons have a better load stress levels and are also more cost effective as it is an inexpensive material (Metal Materials of Cast Pistons – Aluminum Piston vs Cast Iron Piston, 2023). Out of the four materials selected the best and the most commonly used material is Aluminium, and as well as being the best it is also one of the worlds most recycled material and can be recycled over again. 
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[bookmark: _Toc164205246]Figure 1- Ashby Chart (htt).
[bookmark: _Toc164347058][image: A table with text on it
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[bookmark: _Toc164205256]Table 2- Aluminium Grades (Understanding Aluminium Alloys , n.d.).
Looking at the Aluminium grades in the table above the best grade series is ‘4000 series’ which is Aluminium silicon alloy. With further research we can narrow the material selection down to a 4032 Aluminium. 4032 Aluminium alloy is a perfect material to use in high performance vehicles as it is the strongest in the 4000 series. The silicon in the material increases the strength and the durability of the component. It also has traces of nickel throughout the material which will help with thermal expansion of the piston and therefore should aid to increase the engines life (Motorsport Pistons, 2019).
[bookmark: _Toc164347059]4.Manufacturing Specification 
The manufacturing process of a component needs to be perfect because this will reduce material failure. Although the piston is not a visible component on the vehicle it is still important to have the correct coating on after. The four main manufacturing process for components are Casting, Forging, Extrusion and Powder Metallurgy. 

[bookmark: _Toc164347060]4.1.Casting 
Casting is when the molten metal would be poured into a piston cavity to create a component. 
	Advantages
	Disadvantages

	Short production runs 
	Poor dimensional control 

	Reusable moulds
	Poor surface finish 

	High melting metals can be used
	Requires more machining processes

	
	10% material loss


[bookmark: _Toc164205257]Table 3- Casting Advantages and Disadvantages.

[bookmark: _Toc164347061]4.2.Forged
Forging involves shaping the metal by applying pressure and heat until the component has been created (Smithy Secrets: An Intro to Forging Methods How do modern forging facilities manipulate metal into forged parts?, 2021).
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[bookmark: _Toc164205247]Figure 2- Forging Process (Metallur, 2017).
	Advantages
	Disadvantages

	Better strength properties
	Expensive 

	High production rate 
	Need secondary processes 

	Large components can be forged
	Limited shape forming 

	Low material waste 
	Expensive to replace die


[bookmark: _Toc164205258]Table 4- Forging Advantages and Disadvantages.



[bookmark: _Toc164347062]4.3.Extrusion
Extrusion is when a metal is pushed through a small hole into the cavity where the component is made. 
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[bookmark: _Toc164205248]Figure 3- Extrusion Process (THE ULTIMATE GUIDE TO ALUMINIUM EXTRUSION PROCESS, 2023).
	Advantages
	Disadvantages

	Zero material waste
	Brittle metals cannot be extruded

	Can make a variety of components 
	Can result in defects 

	Quick process
	Expensive 


[bookmark: _Toc164205259]Table 5- Extrusion Advantages and Disadvantages.
[bookmark: _Toc164347063]4.4.Powder Metallurgy
Powder Metallurgy requires a powdered metal which is put into a mould which is then compressed and sintered until the metal is solid (What Is Powder Metal Manufacturing?, 2019).
	Advantages
	Disadvantages

	Excellent material yield
	Extremely expensive 

	Easy to make complex shapes 
	Contamination 

	Good mechanical properties 
	Poor surface finish 

	High melting metals can be used 
	Secondary processes required 


[bookmark: _Toc164205260]Table 6- Powder Metallurgy Advantages and Disadvantages.

[bookmark: _Toc164347064]4.5.Final Manufacturing Process
With the aid of research, it is certain that the best manufacturing process would be forged pistons. By having the piston forged it will increase its strength and will lower the weight of the piston resulting in smaller wall thickness (Pistons, 2011). The advantages of using a forged piston in an engine can increase its performance. The dimensions of a forged piston when made are much better than a casted piston as it requires less of a secondary process after. A forged piston will also help with thermal expansion as it has a resistance of heating compared to the casting process. However as stated in Table 4 the tools and die on the forging process can easily break, which can make a forged piston process extremely expensive, and the whole manufacturing process can take a long time to complete (Anggraini & Anjany, 2020). 
[bookmark: _Toc164347065]5.Material Failure 
Every material has its point where it yields and eventually breaks. As 4032 silicon aluminium alloys it commonly used in high performance cars it is therefore commonly to see the same failure and how to ensure that it doesn’t happen again. A research journal produced by (Dileep, Sanjay, & Mandloi, 2016) shows different fatigue failures in Aluminium alloy pistons. A fatigue failure of a piston can be caused by a development of crack as a result of its operating conditions in an engine. The thermal stress cycles of the piston can lead to expansion which can also lead to micro-crack and reduce its strength. 
[image: ]
[bookmark: _Toc164347066]5.1.Piston Ring
One fatigue failure that can happen to a piston is damages to the piston ring. As thermal expansion is present, the pistons wears the cylinder wall and the clearance becomes larger resulting in more pressure on the piston ring causing it to move and come out of its groove (Dileep, Sanjay, & Mandloi, 2016)

[bookmark: _Toc164205249]           Figure 4- Piston Ring Failure (Dileep, Sanjay, & Mandloi, 2016).
[bookmark: _Toc164347067]5.2.Piston Pin
When connecting the piston to the connecting rod using the piston pin, it is important to ensure that it has been fitted correctly. If the piston pin has been misaligned during the installation process it can cause cracks due to the amount of force that has been applied to it from the crankshaft and therefore cause sheer stress on the pin (Dileep, Sanjay, & Mandloi, 2016). 
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[bookmark: _Toc164205250]Figure 5- Piston Pin Failure (Dileep, Sanjay, & Mandloi, 2016).
[bookmark: _Toc164347068]5.3.Piston Skirt
[image: ]Damage to the piston skirt is mainly caused by the clearance between the piston and the cylinder wall increasing which caused the piston to rotate at an angle. The piston skirt is then making contact with the cylinder wall and over time the contact and rotation angle increases and caused crack to form along the skirt of the piston and eventually causing it to fracture and fail (Dileep, Sanjay, & Mandloi, 2016). 

[bookmark: _Toc164205251]                                                                                                                   Figure 6- Piston Skirt Failure (Dileep, Sanjay, & Mandloi, 2016).
[bookmark: _Toc164347069]5.4 Material failure Solutions
In order to prevent material failure happening to the piston it is important to evaluate how the failure is caused and how to mitigate the failure. One solution is to improve the groove that the piston ring is sitting in. Another solution is to coat the piston skirt in graphite-modified polymer as this will reduce the friction between the piston and the cylinder wall. Finally changes to the manufacturing process can also help to reduce material failure as a heat treatment can be coated on the piston to prevent thermal expansion and modifications to the design and machining smoother dimensions and finishes to the piston (Dileep, Sanjay, & Mandloi, 2016). 






[bookmark: _Toc164347070]6. Conclusion
In conclusion, the overall design specification has gone into great detail about the piston that will be used in a Ferrari GTE car and considered important factors such as the material selection, manufacturing process and possible failure points. The thorough evaluation of the material that possible could have made the piston has led to the selection of using 4032 Aluminium Silicon Alloy as it is the most suitable. 
The most preferred manufacturing process after analysis is forged due to its ability to increase strength and reduce weight. Conversely, it does mean high costs and secondary methods to achieve the finished product. 
There are some material failure issues that can occur and cause major damage. However, there are effective solutions that can reduce the chance of a failure and enhance overall component reliability. 
Overall, the design specification functions as a guide for the piston also showing its requirements for the Ferrari GTE. The development if the piston that needs to perform in a harsh engine environment is made achievable by the material and manufacturing selection and making the performance of the Ferrari GTE more efficient and boost performance. 
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GRADE ALLOY FEATURES
1000 series 99% pure aluminium Electrically conductive
2000 series Copper Increased strength
3000 series Manganese Food safe
4000 series Silicon Lower melting point
5000 series Magnesium Higher corrosion resistance
6000 series Magnesium and silicon Respond well to heat treatment
7000 series Zinc High strength
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