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2) Introduction 

This report will consist of thoroughly analysing the quintessential material for a piston for a race car. I have chosen this component to research the best material because of its highly demanding working environment and complex shapes. This will play a big part in the construction of the piston. To understand what material should withstand, a design specification will need to be constructed before researching the perfect material. Considering how the piston crown can be made will affect material choices and might change the conclusive thought on my selected material. 
























3) Component design specification 

A design specification is the evaluated criteria that the component must meet for it to be successful. This design specification will focus on how it can perform as well as possible in its working environment without breaking and not meeting the consumer's expectations of the product.
The considerations for creating a piston successfully are: -
1)the environment in which it will be used
2)material requirements 
3)cost
4)maintenance 
1) The piston is in the cylinder of an engine and is exposed to high-pressure combustion. Components such as piston rings are inserted in the groves found on the outer edge of the piston to ensure no fuel, air, or oil is passed through the cylinder.  As stated by (Alex Muir, n.d.) a piston is connected to a connecting rod which is seated on a crankshaft. The piston crown is connected to the rod via a wrist pin. (Vaczkó, 2016) further states the thermal energy that comes into existence during the burning of the fuel, sparked with the ignition plugs turns into mechanical energy, as a result, it forces the piston down the cylinder and rotates the crankshaft. As the piston is worked hard mechanically in this process it is also thermally challenged due to the temperature of combustion as on the side of the burning area, it is touched directly with hot gas and a temperature of 1800-2600°C can appear when the combustion happens. As the piston is quickly moving through the cylinder the thermal tax it withstands is not constant, it’s proven that temperatures during the intake it is the lowest, and during the exhausting, it is the biggest with the difference only being around 10 degrees. This shows that the piston will need to be able to cope with high-pressure and thermally challenging conditions continuously whilst being worked at a fast rate without a break. 

2) The most important properties the piston crown material should have, are the following: - (Vaczkó, 2016)
- heat expansion (The piston must stay within manufactured tolerances when up to working temperature to ensure good running order)
- strength (Energy from combustion cannot affect the robustness of the piston) 
- heat conduction (Has to keep conduction to a minimum to increase fatigue resistance but also enough conduction so the oil can cool the piston through)
- coefficient of friction, wear-resisting (Must be kept to the lowest possible wear rate) 
- thermal rating (It must be capable of resisting change to its molecular form due to heat)
- workability (To ensure that the tolerances that the material must meet are possible)

3) The cost of the piston must remain minimal as the consumers that will purchase the piston will be on budget due to the highly tight margins that race teams have when it comes to standing for a season of development and racing. Therefore, the material, development, and construction cost of the piston crown must be low for-profit margins to be as high as possible but also for the component to be affordable and keep within the same price range as the competitor's products. 

	4) This component does not require any maintenance as piston crowns are made to last the duration of the engine's lifespan. If the piston has failed due to conditions such as wrong engine valve timing, then the piston needs to be easy to remove from the conrod and engine block.  

























4) Material selection

Based on the design specification these are the materials that can contend to be used for the piston crown. 

Material 1
Cast Iron 
This material is (Anon., 2016) composed of iron (Fe), carbon (C) and silicon (Si), but may also contain traces of sulphur (S), manganese (Mn) and phosphorus (P). Cast iron is hard, brittle, nonmalleable and more fusible than steel. Its structure is crystalline and it fractures under excessive tensile loading with little prior distortion. Cast iron is, however, very good in compression. These properties make the material a great choice for an engine that isn’t highly powered. The reason for this is due to its brittle nature and load capacity. This material does not have many manufacturing options due to the lack of malleability that it has, but once a part is made a protective film or scale on the surface will be formed and will make it resistant to corrosion. This means that there shouldn’t be a need for a protective coating for the piston. 

Material 2
Hypoeutectic 2618 aluminium alloy 
This is the alloy's contents. 
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Description automatically generated with medium confidence](Figure 1 (Anon., 2020))
the 2618 alloy contains 0.1 to 025% of silicon. (ACOSTA, 2021) This makes it more thermally expansive. This would mean the piston would need greater clearance from the piston wall to allow for the material to expand. 2618 alloy is also malleable which means it makes it a great choice for race engines which will see a lot of boost and cylinder pressure. Without a coating on the alloy, it can withstand up to (Anon., 2020) 550 degrees before it starts melting. For this material to be safe to use in an engine it must have a high heat capacity protective coating as combustion temperatures reach beyond 2,600 degrees. (Anon., 2020) This material weighs 2.9 g/cm3 and is priced at 11% of the relative market value of metals 

Material 3
Hypereutectic 390 aluminium alloy 
This is the alloy's contents. 
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This alloy contains 16 to 18% silicon which is much more than the 2618 alloy. This makes the material more brittle as the alloy can only be stretched to (Anon., 2020) 15.7% of the overall elongation of alloy 2618 before it breaks which is worse for a racing application. (ACOSTA, 2021) This material is not very thermally expansive therefore the piston can be placed much closer to the piston wall and this will reduce noises such as ‘piston slap’ against the walls of the engine. This material starts to melt at temperatures of 480 degrees which shows that this alloy just like alloy 2618 needed a protective coating to prevent this. (Anon., 2020) This material weighs 2.7 g/cm3 and is 11% relative to the market value of metals. 










5) Manufacturing process selection
(Muaaz Ali, 2015)
When making a piston there are two options which are always used. 
Manufacturing process 1- Casting 
1) Ingots of the aluminium alloy or cast iron are placed into a furnace and heated till they reach a molten state
2) The molten alloy/ cast iron is poured into a hydraulic mould 
3) The material is then picked up using a ladle and is allowed to cool
4) The material is placed in a CNC lathe machine 
5) First the machine cuts the piston skirts and then secondly it's programmed to cut ring groves, make an accurate bore diameter and finish the shape of the crown
6) Next the material is placed in a 5-axis VMC machine to cut oil slots and the pin bore 
7) Finally the piston is placed on a grinding machine, this is where the piston's skirt gets machined and where it gets cam ground. This is the process that ensures that the piston will thermally expand evenly in the bore of the engine. 
8) The final inspection is conducted of the piston and then dispatched if it meets the tolerances from the manufacturer. 
This process is used for the applicable applications. 
· To reduce engine build costs 
· Lighter weight component due to a machined part 
· For low RPM or low engine speed engines.
(Muaaz Ali, 2015)
Manufacturing Process 2 – Forging
1) The aluminium alloy comes as a 3-meter-long solid rod and is then sawed down into smaller chunks called slugs 
2) The punch press and the dye are pre-heated whilst the slug is passed through an oven at 426 degrees 
3) The slug is removed from the oven, placed onto the punch and the punch press applies 2000 tons of pressure on the slug for it to take the shape of a piston. 
4) The piston is set to cool for an hour due to the extreme temperature the piston obtains. 
5) The forged piston is then placed in an oven twice more, the first time at a higher temperature to strengthen the piston and the second time at a lower temperature to stabilize it. 
6) The wrist pins and the oil control holes are then drilled into the piston.
7) The component makes its way to the lathe for the 3 ring groves to be made on the side walls of the piston. 
8) A milling machine is then used to shave a few centimetres off the side of the piston by the wrist pin intersection
9) Another milling machine then takes off more material from where the three groves were formed 
10) The piston is then on a grinding machine to grind the shape into the piston crown specified by the design. A lubricant is continuously sprayed on the piston to cool it down
11) The final lathe machine process takes a few millimetres of the crown to allow the piston to expand when heat builds up inside of it. 
12) The final step is controlled by a human, the sharp edges made from machining are smoothed out and a machine fits a pin through the writ pin holes to ensure a smooth fit when a writ pin is inserted into the piston. 
13) Lastly the piston is sprayed with hot deionized water to remove any lubricant or oil that may have been built up from component manufacture. 

This process is used for the applicable applications. 
· For a high RPM and speeds inside an engine 
· For a more reliable component that is less exposed to wear. 
 






















6) Conclusions 

To conclude, for creating a piston that is applicable for a racing car I would choose a 2618 aluminium alloy and to have it made from a forged manufacturing process. The reason for this decision is due to them being the best fit possible to my design brief. 
Firstly, the material can withstand great pressure in the intended environment as its malleability properties and less brittle nature compared to aluminium alloy 390 make it great to withstand the power of a higher temperature and energy combustion process for longer. The material can be easily shaped Into the form of a piston and it is lighter than cast iron which would reduce the engine speed of the race car. This component will not need servicing until the race engine is being rebuilt and the cost of the material isn’t extremely high when compared to other exotic materials used on a race car. 
The forging manufacturing process is a great application for racing due to its higher structural integrity, this is due to the material being pressed together rather than being machined. This will make the component heavier but more suitable for higher loads during combustion. The process is the more expensive option of the two but is the only process capable of producing a piston that can last longer in its environment whilst supplying the most power from the engine. 
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