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Pistons are an important part of the engine as it is a moving component which is connected to the crankshaft using a connecting rod and pin which induces combustion. It is always undergoing pressure and heat within the cylinder which can create stress through the whole system.  [12] A piston needs to be manufactured to not fail under pressure or to melt at high temperatures, as it would mean there would be an incomplete combustion and would have to be replaced multiple times which causes a loss of money. Cracks and deformation can occur in the movement of the pistons along the skirts as it would not be as liable to be as strong as the head meaning that a strong material would need to be used through the whole body. As petrol and diesel pistons are different, this report is based on petrol pistons.
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Petrol and diesel engines go through different loads and pressure due to how they combust, this means that the chosen material for pistons would be different. As diesel engines have to deal with higher loads, their materials would have to be stronger whereas the petrol pistons which would not require the strength. This means petrol engine pistons are lighter and have enough resistance to thermal combustion. Diesel pistons are most commonly made from steel as it is more resistant compared to petrol engines that are made from aluminium. Pistons are made from alloys as it makes the metal stronger and gives it better properties.

 Aluminium is the main alloy which is chosen for petrol engines, it has good thermal conductivity hence it is the main element. Aluminium is a soft metal meaning other elements are needed to help strengthen the structure. 

[3]A material which is most suited for piston must have the requirements:
· Have a high strength at compression, fatigue at both high temperature and normal temperature
· Resist to impact stress
· High thermal conductivity to reduce the risk of pre-ignition
· Chemically stable
· Low thermal expansion as it would create deformation and could reduce the efficiency of combustion. 

[1] Many reasons why pistons fail is due to high frequent temperatures which creates thermal stress throughout the metal. As parts of the piston is hot, there are cooling spots which are found below the skirt. This means that cracks could start to form through the structure. This can be overcome in the manufacturing process of the piston by using a [1]“laser to re-melt in the subjected zones”, this is done by KS Kolbenschmidt. If there were added complications such as temperatures that exceed the limit or injectors which release too much fuel, it can lead to knocking which can cause a crack on the skirt or the top of the piston to melt. 
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The best type of materials to be used is homogeneous and isotropic. Homogeneous is when a material’s property is the same throughout the whole structure, all parts have no change. Isotropic means that the measurement of a material’s property is the same in all directions. It is important for a piston to have this structure because it means no deformation would occur. 

The common material used for pistons are aluminium alloys in the petrol engines. “The development of an aluminium alloy is effected by the addition of elements which increase the hardness at the operating temperature, without too much reducing the conductivity and the other valuable physical properties of the pure metal” (Schofield, A. and Wyatt, L.M., 1946 p.251-294). When manufacturing a piston, cost can be a main factor as the cheaper pistons are not as strong and can be made from scrap using iron, magnese or silicon. Compared to expensive pistons made from copper and magnesium which would have more strength. 

As a piston is made from aluminium alloys, there are different versions which depend on how the design of the piston has been made. The best type to use is a eutectic material, this is when the silicon percentage is above 12%. It reduces how much the piston expands in heat, but it works well in colder temperatures as there would be a smaller tolerance between the side of the cylinder and piston as it will not expand as much.  
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Figure 1: this shows the elements and percentage values found within the aluminium 4032. Available at: 4032 (4032-T6, AlSi12.5MgCuNi) Aluminum :: MakeItFrom.com [Accessed on 15/3/22].

A eutectic material is when a metal composition transfers between solid to liquid or vice-versa made up from different crystals due to the materials within. An example which is used is the aluminium 4032, known as DTD324B.  This alloy has a high tensile strength due to the materials found within the alloy and less corrosive. It is able to withstand high temperatures as it is used in the race industry and for cars on the road. It is light meaning that it means less work is needed to be used against gravity to push the piston up. This is a good material to use for pistons as it is able to be casted easily, and forged if chosen, and is cheap to use whilst having high strength for the temperatures and any knocking which should happen.
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Another type of material which is discussed by Schofield, A. and Wyatt, L.M. Light Alloy Piston Materials (1946), is the Y alloy. This is a nickel based aluminium alloy. This has been used for many years showing that it is a good material for pistons. This material is known as a hypoeutectic as the silicon is below 12%. 
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Table 1: shows the composites found in the Y alloy. Available at: Light Alloy Piston Materials (sagepub.com) [Accessed on 17/3/22].

It is a light material which can be casted and forged easily from the materials which is found in the alloy. It has been used in the race industry because of it’s properties since it is light and can be able to work in different temperatures.

These two materials have different properties and are made from the same composites just different percentages. Both alloys have their advantages and disadvantages but the best material which is to be used in a petrol car now, would be the AL4032. This is because it is cheap, used a lot by companies and has been developed to be best used by developing the Y alloy. 
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There are different ways a piston can be manufactured but it depends on what material the piston is made from. Pistons can be casted through, sand casting, gravity casting, pressure casting or die casting. This is used to help with large batches in production as the moulds can be re-used many times. 
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As most pistons are made from aluminium, the best type of production is gravity die casting. This is because it is best used for small products but able to create large batches as it does not take much room. The steps for this process are:
1. The moulds are heated up and a ceramic coating is put on the inside and then clamped together
2. The alloy (aluminium) is heated and poured into the cast 
3. This is then left to cool down inside the cast
4. The cast is split in half and the piston is left
5. The piston is then machined to remove the spurs left from the casting and is heat treated to make it stronger.
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Press forging is a process which is used in industry. This is not used as much as it is easier to cast the pistons than forging them to the correct scale and not as fast to create a larger batch. It can take longer to make a piston and will not have as much detail. The piston would have to be machined as it is hard to get the correct pattern and have detail when forging. This means more money would be spent into the production as secondary machining such as CNC machining would be needed. Forging can be done with different temperatures depending on the metal. However, it is more complicated if the piston was to be made from steel as the melting point is so high, the cast would have to be made from a metal which would be able to not melt at 1370°C which is a limited selection of material. By forging, the piston becomes more homogeneous as equal pressure and heat is being transferred to the molten metal to the shape. [7] By being forged, the piston is lighter and is better at dispersing the heat from the head as it is dense. [3] The forging is done by pushing molten metal into casts with the chosen shape and then being machined to get the detail.
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Figure 2: this shows the microstructure of hot forged steel. It shows the grains are going the same way meaning that it makes the steel stronger in that direction, compared to the strength of it vertically. Available at: Microstructure of the hot-forged 18CrNiMo7-6 steel [6]   | Download Scientific Diagram (researchgate.net) [Accessed on 12/3/22].
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Figure 3: this shows the microstructure of cast steel. When compared to Figure 2, it shows there is a not as strong structure as there are “walls” through the metal meaning that it shows where it would most likely to crack as it is carbon rather than the metal. Available at: Microstructure of Manaurite XM cast steel. Specimen B-1, degraded... | Download Scientific Diagram (researchgate.net) [Accessed on 12/3/22].

 By hitting a metal at high heat, it affects the microstructure of the metal making it stronger. Compared to when a metal is casted, there are gaps in the microstructure which affects how strong the metal is. It makes the metal more brittle under impact as it does not have as much strength with the pressure. As there is more carbon found within the structure, this creates gaps where if the metal was to be struck, that is where the crack would start. This can cause problems to the piston because if there was to be a problem of knocking or the piston dropped, it can end up cracking through the whole body and create problems in the engine. The piston’s structure would be forged to have the crystals going one way to make it stronger which means it would be going up and down the piston rather than around the piston as there would be no pressure on the side. But, since pistons are made mostly by smaller companies and are required to be made in large batches, casting is the method which is preferred. 
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There are positives and negatives for different productions and materials of pistons, but it needs to be ensured that it is manufactured for the correct purpose. If the piston is not manufactured correctly, it can cause many problems of pre-ignition of cause the centre of the head to melt and warp. This would cause incomplete combustion meaning the engine would not be running as efficient as it could. The company would need to research the requirements of how the piston should run and the type of environment it would be in as petrol, diesel and race engine pistons are made differently due to the temperature and pressure they work in.  
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