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The aim of this report is to outline the processes involved when choosing a material for an engine piston, in the context of motorsport community, while still mentioning Automotive design.  The topics it will cover are as follows: 
· the material properties, 
· outline of the material selection process, 
· and finally, the manufacturing process. 
The report will then go on to provide possible options of materials the piston could be made from before finally stating the optimal choice for the adverse conditions it will be exposed to, and then suggest a potential manufacturing process to produce the piston. The report will also give some general information about what the material properties are. 
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[bookmark: _Toc98698291]Material Classification 

There are six general classifications for materials, Ferrous Metals, Non-Ferrous Metals, Polymers, Ceramics, Composites, Nanomaterials/Shape Memory Alloys.
· Ferrous Metals are metals that are iron based and henceforth are magnetic, e.g. Cast Iron, Stainless Steel, etc. 
· “ Non-ferrous metals are alloys or metals that do not contain any appreciable amounts of iron. All pure metals are non-ferrous elements, except for iron (Fe), which is also called ferrite from the Latin ‘ferrum,’ meaning “iron.” ” (What Metals are Non Ferrous? (A Complete Guide) - TWI, no date) 
· “Polymers include familiar plastics and rubber materials. Many of them are organic compounds that are chemically based on carbon, hydrogen, and other non-metallic elements (viz.O,N, and Si).”  (1. Classification of materials – University of Technology, no date)
· “Ceramic materials are materials that are an inorganic non-metallic solid that is made up of either metal or non-metal compounds that have been shaped and then hardened by heating to high temperatures. In general, they are hard, corrosion resistant and brittle materials.”  (What are Ceramics? — Science Learning Hub, no date)
· Composites are a combination of two or more natural or manmade elements (that have different physical and chemical properties) that are stronger when combined than as one. As mentioned in (What Are Composites? - Composites 101 | CompositesLab, no date)
· Nanomaterials/Shape Memory Alloys are what they say, they are metallic materials that can remember, and return to, their original shape (the shape they are given when made, say as a casting or an extrusion) under the right stimuli. (Shape Memory Alloy - Materials - Materials Library - Institute of Making, no date)
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The three main Material Properties are:
· Mechanical Properties - how well it fares under stress, strain and any kind of force - tensile, torsion, bending, etc. 
· Chemical Properties - any of the material properties that become apparent under chemical reaction. Chemical Properties include flammability, oxidation state, reactivity with other chemicals and heat of combustion. 
· Physical Properties - the properties of the material that determine how resistant the material is to damage. For example, strength, stiffness, elasticity, hardness, toughness, etc. 
[bookmark: _Toc98698293]Material Definitions
Brittleness
Property of a material that allows it to withstand permanent deformation
Creep
Is a slow and progressive deformation of a material 
Corrosion Resistance 
A materials ability to withstand the deterioration and chemical breakdown of a material when exposed in certain environments 
Ductility 
Property of a material which enables it to be drawn out into a thin wire
Elasticity
The ability of a material to resume its normal shape after being stretched or compressed then released
Electrical Conductivity 
Degree to which a material will conduct electricity 
Fatigue 
The long effect of a repeated straining action which causes the failure of the material 
Hardness 
Resistance of a material to force penetration or bending 
Impact Strength 
Ability of a material to resist suddenly applied loads
Malleability 
Property of a material which permits it to be hammered or rolled into sheets of other sizes or shapes
Plasticity 
Materials ability to undergo some permanent deformation without rupture 
Strength 
Mechanical properties that enable a material to resist deformation under the actions of an external load 
Stiffness 
Is the resistance of a material to elastic deformation or deflection 
Thermal Conductivity 
The rate at which heat passes through a specified material 
Toughness
Property of a material which enables it to withstand shock or impact.
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For a piston to work effectively and create the best performance for the engine, the piston needs to be made from the material that has the best, and correct, properties for the job it will be doing, e.g. withstanding high pressures in the engine. 
As (Bhutto et al., 2016) mentioned, pistons must have enormous strength and heat resistance properties to withstand the great gas pressure and inertia forces applied upon it. As well as this, it should have low weight in order to reduce the inertia forces acting on it. Additionally, it should be rigid enough to endure thermal and mechanical distortion also including sufficient area to avoid wear.
So, from this, a piston needs to withstand high pressure and heat, and not wear too quickly from friction and colliding with other components. Knowing these properties allows materials to begin being thought about and matching their properties to the attributes required for a piston. 
The ideal material used for the manufacture of pistons have several properties such as high strength to weight ratio, improved fatigue and creep properties, better hardness and wear resistance, improved damping capacity and low coefficient of thermal expansion, which makes them an exceptional choice in automotive and motorsport applications. (Dev, Aherwar and Patnaik, 2019)
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Aluminium based alloys are the leading materials utilized for various automobile applications like piston cylinders, pistons, connecting rods, bearings, etc. (Dev, Aherwar and Patnaik, 2019)
One of the benefits of using aluminium is its light and has a strength to weight ratio greater than that of steel. 
Although there are inherent problems with aluminium alloys, mainly their wear resistance being poor, as highlighted in “However, because these alloys exhibited only modest wear resistance, the early engine blocks (for example, those produced for the American Motors Corporation Rambler) had a cast-in steel cylinder liner. In Europe, automotive engine blocks were also being die cast in aluminium-silicon alloys (such as LM24 and LM26), but these blocks had liners that were shrink-fitted in place.”(Shabel, Granger and Truckner, 1992)
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Steel has been seen to replace the aluminium silicon alloy, as stated by “commercial vehicle engines, car diesel engines or even gasoline engines have already been transformed from using aluminium silicon alloy piston to the forging steel piston so as to meet the design requirements of lightweight and low friction” (Niu et al., 2019)
Even though steel may be lightweight compared to other materials and have lower friction, its reliability becomes an issue. Due to the adverse working conditions under high temperature and high mechanical load conditions which can significantly affect the durability of the steel piston. (Niu et al., 2019)
Steel has a greater wear resistance than aluminium alone, which may make it better. However, it is heavier than aluminium which is a downside when deciding what to use. 
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One of the glaring issues with iron would be the fact that it is very heavy when compared to other materials, unfortunately the fact that it has good wear resistance and is strong does not outweigh this issue. In terms of performance for road cars, higher weight is detrimental and is even worse in the race fraternity. Hence, it is rarely used. 
The use of cast iron cylinder and pistons together yields good sealability, due to both parts having the same thermal expansion. The graphite acts as a lubricant in the cast iron giving it promising wear resistance. However, using cast iron is not plausible as the piston is too heavy to be effective when operating at high revolutions.   (Yamagata, 2005, p.59)
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“Magnesium is the lightest of all metals used as the basis for constructional alloys. It is this property which entices automobile manufacturers to replace denser materials, not only steels, cast irons and copper base alloys but even aluminium alloys by magnesium-based alloys.” (Mordike and Ebert, 2001)

Some of the positives of using magnesium as the material for pistons are given below by (Mordike and Ebert, 2001)
· Lowest density of all metallic constructional materials.
· High specific strength.
· Good castability, suitable for high pressure die-casting.
· Can be turned/milled at high speed.
· Good weldability under controlled atmosphere.
· Much improved corrosion resistance using high purity magnesium.
· Readily available.


However, there are some issues with using magnesium parts such as having a low elastic modulus; limited cold workability and toughness; lowered high strength and creep resistance at higher temperatures; increased degree of shrinkage on solidification; high chemical reactivity; and in some condition’s low corrosion resistance. (Mordike and Ebert, 2001)
The lowest density is a massive benefit for a race vehicle as it means reduced weight, which gives improved performance. However, the limited workability with cold temperatures means it needs to be in a warm temperature before starting the engine or the performance from it will be decreased. The reduced strength at high temperatures is an issue as this means there is a temperature window that the piston would need to be kept within which would be problematic. It may be an inappropriate material for a piston as it is required to be in extreme temperature areas. This would in turn create an issue with wear and the durability properties. 
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Cast Steel and Magnesium are not ideal options for a piston as they have to many negative attributes. This leaves Steel and Aluminium as choices for the material.
Many factors come into play when selecting the correct material and to decide all the required properties that need to be assessed before a material can be chosen. For example, what is the aim of the piston? Is it to have a longer life, i.e. for use in a road car, or does it need to have increased performance, i.e. in a race fraternity?  
So, Aluminium Silicon Alloy would be the ideal choice for the material of a race piston, in the context of motorsport, due to its lightweight and slightly less reliability attributes over being heavier and lasting longer. 
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There are four types of manufacturing processes: 
· Mass is the continuous high volume production, so in terms of a race piston this would not be suitable.
· Batch production is where you create a part or component in batches of medium volume, again not suitable for race pistons. 
· Job production is for more specialised components. These are produced in smaller quantities. So this would suit a motorsport setting. 
· Project manufacturing is where the product does not move but rather the machines and people are brought to it. So not suitable for motorsport. 

The Formula 1 (F1) pistons are forged, then around 95% of the surface is machined down. The result is amazing, with an intricately detailed area beneath the piston crown leaving metal only where it can contribute most effectively to the strength of the component. (Inside an F1 Engine - Racecar Engineering, no date)
Forging, being a newer technique for manufacture, replaces the use of casting with permanent moulds. 
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To conclude, when choosing the optimal material for a piston, many factors must be considered before deciding. Once considered, it was decided that for a motorsport context an aluminium alloy would be best, over the attributes required for road car pistons. 
The next decision covered was the manufacturing processes with Job Production being better suited for creating race pistons. The research supports that forging is best used to create them. 
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