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This technical report will review the selection of materials and their properties, along with the manufacturing processes that are involved in the design and production of a car piston. In an engine, a piston is a vital component as it converts energy from the fuel and air into the mechanical energy that puts a vehicle in motion, the design and material selection process of a piston is important to make sure of its performance, durability and reliability. The aim of this report is to provide a clear understanding of material selection, material properties and the manufacturing process of a piston, by looking at these factors we can apprehend better the designing and production of pistons for modern and future demands. 
A piston is a cylindrical part that is in an engine, pistons move up and down inside a cylinder converting fuel combustion into motion mechanically. Pistons are usually made of high strength materials such as cast steel or iron, aluminium alloy as the environment it will work in includes high temperature, pressure and friction. As a piston is at the top of the engine cylinder fuel-air mixture that is released by two different valves is ignited, pushing the piston down the cylinder, causing energy to be transferred to the engine crankshaft. 
[image: ] [1]
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Understanding material properties of a piston is crucial when designing and manufacturing a car piston, as there are many factors that need to be covered in order to manufacture a reliable piston. Car pistons work under the pressure of many aspects, for example a cars piston must have high strength and high stiffness to stand firm against the compression/combustion forces without failure or deformation over time of the engine working. Thermal conductivity is another very important aspect as the piston should have good conductivity to prevent overheating and to dissipate heat which can lead damage in the engine, this also as important as coefficient of thermal expansion as the material must have a low coefficient of thermal expansion meaning the material shape does not change due to temperature rise [2], low coefficient of thermal expansion allows a tight seal around the cylinder wall and prevent any oil leaks. Aluminium alloys thermal coefficient expansion is around 21-24 ppm/°C, which is consummate to an engine that works in high-temperature environment. The coefficient of cast iron is around 11 ppm/°C, this is lower than aluminium alloy however it is still suitable for many applications [3]. 
Another crucial property that pistons must have is fatigue strength, this is the capability of the material to withstand cyclic loading, a known excellent fatigue resistance is cast iron however due to its high density it is unsuitable for some applications, high performance engines use steel alloys as they are known to have the highest fatigue strength between most pistons. Aluminium alloys usually have lower fatigue strength than steel alloys and cast iron however it has high strength to weight ratio which makes up for this weakness [4]. Choosing the right material for the piston needs to be considered depending on the application and performance requirements. 

[image: ] 
‘Temperature distribution in the piston in (a) idle speed, (b) maximum power speed for base engine and (c) maximum power speed for upgraded engine’ [5]
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Material selection when designing and manufacturing a piston depends on many aspects, such as mechanical stress, compatibility with nearby engine components and also operating temperature. The most commonly used material for pistons are aluminium alloys, this is because aluminium alloys have a low density meaning the weight of the piston is reduced which is a crucial factor as this allows faster acceleration and deceleration. The piston being lighter also means less heat is generated due to lower thermal mass, also meaning reduced thermal expansion and distortion, this improves longevity and durability of the engine. This is ideal for high temperature applications, these aluminium pistons are usually found in high performance racing engines due to its strength and heat resistance capability. Due to aluminium alloys high capacity and good corrosion resistance it is more expensive for aluminium alloy pistons compared to cast iron and steel pistons. [6]
Many car pistons are made of cast iron which is known to be a long-lasting, hard-wearing and inexpensive material that can manage through high pressures and temperatures, these cast iron pistons are commonly found in heavy-duty engines as they are known to have high resistance for wear and tear therefore they are less likely to break and deform under extreme heat and pressure over aluminium or steel. Although cast iron pistons have high resistance a disadvantage is that they are typically heavier than steel or aluminium therefore meaning increased fuel consumption and reduced efficiency for the engine, cast iron pistons may also produce more engine noise and vibration due to their stiffness and weight. ‘the cost of cast iron is lower, but its weight is heavy, thermal conductivity is smaller’ [7]
Choosing the right material for a piston needs careful consideration depending on the factors of operating conditions, budget, compatibility with other engine parts and the engine application and power, for example if the engine operates in extreme conditions a material like cast iron may be suitable as it has high resistance to wear and tear. On the other hand if a high powered car that operates under high pressures and temperatures the more suitable material would be aluminium alloy as it has high thermal conductivity, strength and is also light therefore it can work increase efficiency. [8] 
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When it comes to manufacturing car pistons, there are many ways depending on the material used for the piston, for example aluminium alloy is usually produced by the die casting or gravity casting processes. Die casting is a process that includes injecting molten aluminium in a mold, whereas gravity casting includes pouring molten aluminium into a mold. These methods are typically used to aluminium alloys and produce pistons with excellent finish and dimensional accuracy. In addition to the finish and accuracy manufacturers are able to produce a high quantity of parts in a short amount of time, this makes the die casting method an efficient and cost effective for companies. [9] 
Steel alloy pistons are manufactured with the method of forging or casting, forging includes heating the steel alloy material to a high temperature where shaping the steel can be done easily using die due to the temperature. This process requires a combination of pressure, heat, and also precision machining to create a piston that can withhold the environment of an engine [10], high stress, high temperatures and the engine combustion cycle. Steel alloys can also be casted, this usually has many advantages over forging steel, this includes lower costs for a mass production and the ability to be molded into complex shapes. A disadvantage of steel casting is that compared to forged steel the durability and strength is relatively lower, therefore a good understanding of the operating environment of the piston is important to manufacture a perfect piston for the conditions. 
Cast iron pistons are manufactured by sand casting or shell molding processes, sand casting includes putting sand loads around the pattern of piston, it is known to be effective method for producing pistons as it allows difficult shapes to be molded at a relatively easy and cost-efficient process. A disadvantage for sand casting is that parts may have rough surfaces therefore machining is required to perfect the piston. Sand casting is seen to be relatively slow and requires labour focus. Shell molding is another method of manufacturing cast iron, this is also seen too be a slower process, results of shell molding are known to be accurate with have a smooth surface finish. Sand casting and shell molding are slower and require more detail in the labour process, unlike die casting and gravity casting where not much room for errors can occur. 
Steel Alloy Piston [11]                     Cast Iron Piston [12]                            Aluminium Alloy Piston [13]
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In summary this technical evaluates the different selection of materials and properties that a car piston may require, along with the manufacturing processes involved in designing pistons with different capabilities and capacities. This report highlights the main properties and explains why they may vary between different engines, as pistons are a vital component in an engine, research and understanding the environment is they are placed in is very important. Throughout the report it shows that material selection depends on many aspects therefore manufacturers have different methods of dealing with the manufacturing, the report also explores the manufacturing processes within the main materials used for a car piston, going through the methods eg. Die casting, gravity casting and molding methods. To have a reliable piston that meets expectations when it comes to the performance and the requirements of an engine careful consideration and research must be conducted.
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