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[bookmark: _Toc130154880]1.0 Introduction 

In this report, I will be talking about the different material properties which can be considered in making a piston for a standard Internal Combustion Engine. When deciding on what materials to use when making a piston, lots of things need to be taken into account due to the high intensity environment that a piston has to work in. 
A piston is a component in an Engine that connects to the crankshaft via a connecting rod. As the crankshaft rotates, the piston moves up and down in a hollow inside the engine block cylinder which creates the transfer of heat energy. In a typical Four-stroke engine, the intake, compression, combustion and exhaust process all occurs above the crown of the piston which is what causes the piston to travel in its up and down motion inside the cylinder. 
When an Internal Combustion engine is running, the pistons will travel downwards in the cylinder which causes a mixture of fuel and air to be sucked into the top of the cylinder through a valve opening. As the piston travels back to the top of the cylinder the fuel and air mixture is compressed and then ignited by the spark plugs which causes a small explosion at the cylinder head.  This explosion causes the piston to be pushed back to the bottom of the cylinder with exhaust gases built up at the top of the cylinder due to the explosion that takes place. When the piston goes upwards after this it pushes the exhaust gases through the exhaust valve and out the back of the exhaust pipe. 
This is the Four Stroke Engine cycle with the process staring with the Intake stroke, Compression stroke, Combustion Stroke and Exhaust stroke. 
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Figure 1,  Piston Diagram


[bookmark: _Toc130154881]2.0 Material Properties

A piston needs quite a few different kinds of material properties in order to do its job efficiently and to a high standard inside the cylinder. The piston is responsible for converting energy generated during the combustion process into a linear motion that powers the engine. So due to the constant stress and high intensity environment needs to be able to work in, it needs the following Material properties:
· High level of Thermal Conductivity – A piston needs to be highly conductive as it needs to be able to dissipate the heat rather fast in order to stop the engine from overheating and causing any damage to any other components. 
· Low Thermal Expansion – When a piston is heated up inside the engine, the heat causes the piston to expand. Too much thermal expansion can cause the piston to fail or seize. This means that when choosing a material for a piston, it needs to  be able to resist excessive thermal expansion to work as needed. 
· Lightweight – It is essential for a piston be lightweight so that it helps to reduce the Inertia that is applied on the Conrod and the Crankshaft. It also needs to be lightweight in order to improve the overall performance. This is a common reason for why they are made out of titanium, aluminium or magnesium alloys. 
· Low Friction – A piston needs to be able to move freely within the cylinder bore with a minimal amount of friction. This is so to ensure that you don’t cause too much heat or wear to the piston. The materials used to make the piston need to be easily lubricated by the engine oil. 
· Strength – When in motion, a piston needs to be able to sustain the extremely high pressure and temperature created in the combustion process without cracking or melting during this. Therefore the materials used to make a piston must be very strong and able to resist the high amount of thermal expansion. 
· Corrosion Resistant – a piston is typically in a very corrosive environment as it is constantly exposed to high pressures and high temperatures. Due to this, a piston needs to be able to resist these to prevent damage and ensure a long lifetime for the engine. 
With consideration to all of these properties, we know that a piston needs to be made from a material that is able to work with the high temperature and pressures of the engine, it needs to be strong to ensure that it has a long lifespan and cope with the constant forces applied. It also needs to be lightweight to reduce inertia and help performance and Corrosion – resistant to again ensure that it lasts, All while maintaining the ability to move freely and smoothly within the cylinder bore with minimal thermal expansion.
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As previously stated, a piston needs to be made from certain materials that are capable of performing the job intended without breaking. This is why pistons are commonly made from  different Aluminium alloys, however, other materials can also be used such as titanium, cast iron and steel. Aluminium alloys are useful as they have good thermal conductivity, are lightweight and are relatively easy to machine. Furthermore, Aluminium alloy pistons can be designed to have specific structures and features which can help benefit engine performance and efficiency. 
In some high performance cars and in race applications, the standard aluminium alloy would also incorporate other materials like titanium and steel in different areas. This is to help increase their strength and durability. For example, some pistons will incorporate titanium or steel inserts at the crown, or potentially have a reinforced skirt made from cast iron or steel. 
These reinforcements and inserts of particular materials are integrated into the aluminium alloy during the manufacturing process of the piston to create a Hybrid material which merges together the benefits of each component.  
Forged pistons tend to use different alloy types such as alloy 2618 and type 4032. Alloy 2618 is low silicon aluminium content material, whereas alloy type 4032 has around an 11% silicon content. The following table show the comparison between these two types of materials and how each would benefit in making a piston. 
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	Breakdown of Different Elements
	4032
	2618

	Aluminium
	85%
	93.7%

	Copper
	0.9%
	2.3%

	Magnesium
	1.0%
	1.6%

	Iron
	
	1.1%

	Nickel
	0.9%
	1.0%

	Silicon
	12.2%
	0.18%

	Titanium
	
	0.07%



	
	Piston Alloy Characteristics
	

	Material Characteristics
	4032
	2618

	Tensile Strength
	55,000 psi
	64,000 psi

	Yield Strength
	46,000 psi
	54,000 psi

	Fatigue Endurance
	16,000 psi
	18,000 psi

	Modulos of Elasticity
	11,400 psi
	10,400 psi

	Melting Point
	990 – 1,060 F
	1,020 – 1,180 F


	4032
	2618

	High Silicon level
	Low Silicon Level

	Low Expansion
	High Expansion

	Tighter piston – to – wall clearance
	More piston – to – wall clearance needed

	Quiet Operation
	Noise when cold

	Less Ductile
	More Ductile

	
	Higher resistance to detonation

	Harder
	Softer

	Longer Lifespan
	Shorter Lifespan





Alloys are given a type of identification number to determine the mixture used to create the final material.  The material 4032 and 2618 are both aluminium alloys that are commonly used in the production and manufacturing of high-performance pistons. The difference between these two alloys is a result of e composition and material properties. 
We can see from ‘ Table 1 ‘ that the silicon content in 4032 is significantly higher then in 2618. Having an increased silicon content means that material 4032 becomes more durable and resistant to thermal expansion meaning that tighter clearances can be used between the piston skirt and the cylinder wall. We’re also shown that 2618 has slight increase in the amount of magnesium used in comparison to 4032. This helps 2618 as it makes it slightly more durable and stronger. 
‘Table 2 ‘ shows us the different material characteristics that the piston alloys posses. For example, the melting point for piston alloy 2618 is slightly higher than it is in 4032. Having a higher melting point would be beneficial as it would mean could run higher compression ratios in the engine without having to worry about the pistons either expanding or deforming. ‘Table 2’ also tells us about each materials Tensile strength. Tensile strength is a measurement of the maximum amount of stress that can be tolerated before a material fails under the force of the action being performed. As we can see, alloy 2618 has a higher tensile strength which means that it is able to cope with higher loads and stresses, that in turn allow an engine to deal with increased power output and the higher temperatures associated in high performance engines.  4032 has a lower tensile strength to 2618, which can hinder its ability to cope with the increased amounts of stress and higher temperatures needed in high performance engines. Due to this, alloy 4032 may struggle to meet the demands needed which can lead to the early failure of a part or possible engine damage. 

[bookmark: _Toc130154884]3.2 Justification
I Have decided to go with Piston alloy 2618 as they are typically considered to be the better choice in terms of race application over other types of piston alloy due to its characteristics. In high performance cars and race engine, the pistons are exposed to much higher temperatures and stresses which can ultimately cause them to deteriorated and break if they are not made from the correct materials. Piston alloy 2618 is known for having a higher tensile strength in comparison to 4032 which means it is able to cope with the greater demands (i.e. Increased loads and stresses) which are needed in a race engine. Furthermore, 2618 has a higher ductility to 4032 meaning it is able to change its shape relative to the amount of force being applied before the piston becomes irreversible damaged. Another advantage for using piston alloy 2618 in race application is because of its ability to retain its shape and strength at high temperatures. This is important in race engines as they tend to experience higher loads and stresses in comparison to normal road vehicles. Race engines work at extreme temperatures due to the higher intensity environments that they are needed to work in.



[bookmark: _Toc130154885]4.0 Manufacturing Process 
Here are many ways to manufacture a piston. The different manufacturing processes of these pistons allows for different kinds of benefits in consideration to the application that it is being used in. The following  are examples of different ways that pistons can be manufactured. 
[bookmark: _Toc130154886]4.1 Forged
Forged pistons do not involve any melting of the aluminium alloy. Forged pistons are made by taking a long, high strength aluminium alloy rod such as 4032 or 2618. The rod is then cut to the specific length and diameter that is required for your piston. This is then called a billet. The billet is then transferred into a furnace so that it can be heated to the temperature that is relative to the ally compound. In doing this, the metal becomes more malleable and easier to shape for the forging process. The preheated billet is then taken to a forging press that then compresses to form the final required shape. The final shape of the piston is gained by applying force to the top and bottom of the billet at the same time which compresses the metal into the required shape. The piston is then machined in order to obtain its final shape and dimensions. This may involve milling, drilling and turning, however, this takes significantly more time. After machining, the pistons are then put through a heat treatment process which helps to improve their mechanical properties. To do this, the piston is heated up to the required temperature and slowly cooled to gain its necessary microstructure and properties. In some cases, a surface treatment process is used to improve the general wear resistance and reduce friction of the piston. This could be something like anodizing or hard coating. Finally, with each individual part of the piston produced, they are assembled together to produce the final piston assembly. 
[bookmark: _Toc130154887]4.2 Cast
Cast pistons are made by taking an alloy of mostly aluminium mixed with a mixture of other metals, and melted until it is all a liquid. The liquid is the poured into a mould and is left to cure and solidify until is has set into the basic piston shape. After this, very little machining has to be done to get the final result before assembly. Car manufactures tend to use cast pistons as they are great for mass production. After the initial setup cost for casting pistons, the process can be repeated on a much larger scale, relatively quick and at a lower production cost. 

[bookmark: _Toc130154888]4.3 Hypereutectic 
Hypereutectic Pistons are high silicon aluminium alloys. Piston that contains more then 12.5% silicon in it is considered a Hypereutectic piston. Having a higher silicon content means the piston becomes more resistant to wear, makes the piston harder which in turn makes the alloy lighter by using less alloy to cast it,  also makes it expand less under higher heat levels. Hypereutectic pistons allow extremely tight piston to wall clearances that can help with emissions, help improve fuel economy and improve performance. 
The manufacturing process of a Hypereutectic piston is the same as a cast piston, however, not all Hypereutectic pistons are Cast.  They still need to go through processes such as casting, heat treatment, machining and coating but quality control is measured throughout the manufacturing process to ensure that he certain standards and specifications are met. 
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The material chosen for my piston is a 2618 aluminium alloy that has been forged for a racing application. This is because using a forged piston comes with several added benefits that help when used in racing application.  
Forged pistons are stronger and more durably then the cast or hypereutectic counterparts. `This is because when manufacturing, the solid aluminium alloy billet is compressed using extreme pressure from a forging machine, which results a much denser and stronger finished product. This allows the forged piston to cope better under the stresses and pressures of high performance racing engines. 
Another benefit is that they tend to be lighter then cast and hypereutectic pistons which can reduce the reciprocating mass and improve the performance and response times of the engine. However, this can also reduce stress on other components such as the connecting rods, crankshaft and bearings. 
Having improved heat dissipation means that the engine is able to cool down much faster which reduces the chance of thermal expansion and other kinds of damage that can be caused by excessive exposure to heat.
Finally, Forged aluminium alloy pistons can be designed with specific features that can help in reducing the amount of friction through custom lightweight wrist pins and reduced skirt profiles. 


[bookmark: _Toc130154891]5.0 Conclusion
In conclusion, the use of 2618 aluminium alloy for a forged piston offers multiple benefits over other types of piston when it comes to race application. The high silicon content of the alloy results in it being both stound and lightweight ich is ideal for high performance racing engines. Being forged, this further increases the strength and durability of the piston which allows it to tolerate the extreme stresses and pressure that are demanded when racing. 
Additionally, being able to customize a forged piston to specific requirements and performance goals allows for optimised engine performance to help achieve faster lap times. 
Overall, in consideration to race applications, the 2618 aluminium alloy forged piston in my opinion would be best suited for my engine. This is due to the benefits that they have when it comes to the high stresses and pressures that a racing engine would need to endure. 
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