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1. [bookmark: _Toc129814337]Introduction

‘A piston aids in the transformation of heat energy into mechanical work and vice versa’ (Energyeducation.ca, 2018). This means that a piston is a crucial part in making an (heat) engine work. The piston is slightly smaller than the hole it moves in, this is to allow it to move up and down but not small enough that it allows the piston to move around. ‘Internal combustion engines can operate with just a single cylinder and therefore one piston (motorcycles and lawnmowers) or as many as 12, but most automobiles have four, six, or eight’ (Haynes Guide, 2018). There are three main components this report will be looking at, these are; piston, Gudegon Pin, and connecting rod. It will be looking at the properties needed for these components and the possible materials that can be used, and the processes along with those materials to allow the correct shape. 
[image: Parts of the piston [36]. ]Figure 1 shows a piston with the different parts labelled. This shows the workability a material needs to be able to create the piston shape, and that the smoothness of the material is also crucial. Without a smooth finish, the piston could cause issues when it comes to working as they sit in small gaps.

 (
Figure 1; (Aljaberi. Hassan)
)
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Thermal resistance is crucial when it comes to a piston, this is because they reach extreme levels of heat. Due to repeated explosions pistons can reach a temperature of over 600 degrees Fahrenheit (Tingwall, 2014), which equates to around 215 degrees Celsius. There are many materials that can’t withstand this sort of heat without melting or warping. With this it must have low thermal expansion too, the piston sits in a very tight gap, and if it expands even slightly it won’t be able to operate correctly. 
Due to the piston having oil constantly passing through it, it needs to be corrosion-resistant and water resistant too. This will ensure that the piston doesn’t weaken and decay over time. This is something that needs to be considered as they need to last a long time to allow for reliability and to ensure that the car can run smoothly for a long period of time. 

Minimal fatigue also needs to be considered when it comes to material selection, this is again to minimalize the wear and tear of the piston. It will constantly be pushing oil through to the different parts of the engine so will need to hold its shape and not break, again increasing reliability. 

Due to the penetrating action of a piston, it is again crucial that the material is hard. This is again to stop any warping or bending of the piston. If the piston bends it will cause major issues in the engine, it will stop healthy oil flow and can cause the engine to break in its entirety. 

The material chosen will also need to be tough, this is because it needs to be able to withstand pressure and impact. The piston moves oil by pushing and pulling it, this causes a pressure build-up which the piston needs to be able to withstand to work correctly. This also correlates with being stiff, it needs to bend when the pressure is built up. 

Furthermore, it is crucial that the piston is lightweight. This is because ‘the crank can spin easier. It’s not having to lug that up and down, the engine is going to accelerate a lot quicker’ (Sicht, 2019), when it comes to motorsport acceleration speed is crucial. 
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There are many different materials available to use for the piston, but not all will be suitable. For example, plastics have some of the correct properties but would be completely unsuitable because of other properties it has. For example, it would be brilliant due to it being lightweight and waterproof, however, as soon as it started it get hot it would start to melt and warp. Many plastics also have a soft surface so can scratch and dent very easily which would again be very unsuitable. 

Some metals would be suitable for a piston, but many metals have high-temperature resistance but can be extremely heavy. These include gold, lead, and copper meaning these would all be unsuitable as it needs to be lightweight. A lightweight metal would be aluminum, this would work very well for a piston because it has high thermal conductivity and is extremely corrosion resistant too. The only downside would be it is soft, so can be marked and dented easily. There are some aspects of iron that make it possible for being used, for example, it is ‘very strong and hard’ (Engine Shed, 2023), meaning it resists surface wear and tear. However, it rusts which makes it very unsuitable for the piston. The following metals have a low melting point so are unsuitable for the piston; tin, zinc, and lead.

Ceramics would be completely unsuitable for a piston, this is due to them being incredibly brittle and poor when it comes to heat resistance. 

Wood is also not an option when it comes to a material for the piston. This is because it is not waterproof unless treated and many treatments are flammable. Most wood is also very heavy and could start to biodegrade which is very unhelpful when it comes to a piston. 

An alloy would be the most appropriate when it comes to a material for a piston, this is because it is formed ‘by melting a metal and dissolving the other elements in it’ (CK-12 Foundation, 2023). Many alloys are formed to increase a metal’s hardness, increase strength, and corrosion resistance, and improve castability (Globalspec.com, 2023), these are all very useful properties when it comes to a piston. Duralumin (a mix of aluminium and copper) is commonly used on aircraft and is a good option for a piston, it is ‘strong, lightweight and hard’ (BYJU'S, 2022). It also has a high strength-to-weight ratio however, it has a low melting point ‘ranging between 350 to 380-degree Celsius’ (AZoM, 2013), which makes it extremely unsuitable for a piston as it would melt.
Another alloy that could be considered is bronze (a mix of copper and tin), this is because it is hard and has a high melting point, and it is also corrosion-resistant. Although it is used for automobile parts, ship hardware, and wall panels it is considered heavy which is a disadvantage. 
A material that would be extremely suitable for a piston is magnalium, this is because it has high strength, is highly corrosion resistant, and is lightweight too. Magnalium is a mix of magnesium and aluminium, it is incredibly workable which is good when it comes to manufacturing the piston. However, due to it being very reactive to heat it again wouldn’t be suitable for a piston due to the temperature they reach.
Finally, another alloy to consider is carbon steel, it has the same characteristics as steel but due to the carbon, it’s stronger and harder. Carbon steel has a hard surface which is done by carbonizing, it is also heat resistant to the correct level and reasonably lightweight. All of this is essential when it comes to a piston, it can also be worked well making it easier to manufacture the piston. 

From this, it is clear that carbon steel is the most suitable material for a piston. 
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 (
(Manon 
Bouriaud
, 2022)
)[image: Die Casting Overview: Process, Materials | Xometry Europe]Pistons are commonly manufactured using die cast. This process is done by creating a mold of the shape that needs to be created. The metal is then heated into liquid form and pushed into shape through a sprue and into the mold. The metal is then cooled down back into a solid form. There is a gap at the top that allows for air to escape to stop deformation and air bubbles which could weaken the part. This manufacturing process is often done with big machines so can mass produced as the mold can be used multiple times. This brings down the production cost massively. However, the process can also be done as a one-off too but this wouldn’t be suitable for the manufacturing of a piston. There are multiple needed for every engine in every vehicle, 
meaning they need to be produced quickly and 
well. They will however have to have work done to them after as there will be cut-offs from where the air goes and where it connects to the sprue. This manufacturing process is suitable to do when using carbon steel as a material. On the right is a diagram of a die-cast machine, it shows the way the machine works and labels all the parts. 

 (
(
L
inquip
, 2022)
)[image: ]CNC (computerized numerical control) is a computerized manufacturing process that has pre-programmed software which controls the movement of the production equipment. The first step to CNC machining is to create a design on CAD (computer-aided design), ensuring all the measurements and details are correct. After sending this design to the CNC machine it cuts away at a block of metal to give the design, as long as the initial design is accurate the product should be too. This is a long process however can be left to do it overnight meaning batch production can be done. The part wouldn’t need cleaning up afterward, unlike the die-cast, because it would be cut to the correct size. However, due to die casting being quicker and more economical it makes more sense to do that as the manufacturing process. Above is a diagram that shows a CNC machine, it is labeled with all the parts. As you can see this machine is a lot bigger than a die-casting machine. 

 (
(Singh and Singh, 2017)
)[image: ]Finally, sand casting is a manufacturing process that could also produce a piston. It is very similar to die casting however it is done with sand. On the right is step by step instructions on how to sand cast. Sand casting is mainly used for batch or one off production, but there are many disadvantages that come with it. For example, after being produced it needs to sand down, because the sand leaves it with a rough surface which is poor for pistons due to the minimal space they have, but like the die casting you also have to cut off the extra parts which are there from air holes and the funnel. The process also takes a very long time and needs to be repeated with every part due to the sand possibly moving etc. Human error also comes into play a lot with this process as a human has to do this process themselves. Furthermore, the intricate details may get missed too as it focuses more on the bigger details due to the sand. Because of this die casting is definitely the most efficient way of producing a piston. 




















5. [bookmark: _Toc129814341]Conclusion 
A piston is a crucial part of an engine and can’t work properly without it. Therefore, it needs to last as long as possible and be as structurally sound as possible. Because of this, carbon steel is the best material for a piston. This is because it has a high melting temperature which is important because engines get really hot when worked hard. Carbon steel is also hard and lightweight which are both essential properties when it comes to a piston. It is also good when it comes to manufacturing, and can be used with the chosen manufacturing process. Die casting is the most fitting manufacturing process because it creates a near-perfect product every time, it needs minimal work afterward, this lowers manufacturing costs. Die casting can be done by machines which means human error is minimal too, which again makes manufacturing costs minimal.
Due to this, it is clear that a piston is to be made out of carbon steel and manufactured using die casting. 
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