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In this technical report I am going to give a visual representation of the part (the piston) and how it interacts with other parts within the engine (connecting rod and gudgeon pin) using a computer aided design program called solid works. I will also lay out the process of material selection and the manufacturing process involved in making the piston.
A Piston is an internal component of an internal combustion engine (ICE). This means that there are multiple selection criteria when selecting the materials, you are going to build your piston out of.
This part is going to be placed at the heart of the revised Honda s2000 to be released in early 2024. The new Honda s2000 will be a light weight affordable front engine rear wheel drive set up sports car for the masses.
The Honda s2000 was different to most sports cars of its time. Whilst the competition had six cylinder engines, the Honda had a naturally aspirated 2 litre 4 cylinder engine which revved up to 9000 rpm. At the time it was the most effective engine bosting the highest horse power per cubic litre of any engine. This combined with a ridged chassis and perfect 50/50 weight distribution, the Honda s2000 was a brilliant little sports car and the revised model aims to do the same and compete against the 2023 Mazda mx-5.  
This means that the piston should be cheap to manufacture, light weight and reliable in order to help create a compelling package. The piston will transfer combustion force into reciprocating force, seal the cylinder, carry the piston rings and displace heat.
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This specific piston will have to withstand engine speeds of up to 9000 rpm creating temperatures of roughly 300 degrees Celsius at its peak. The piston head accounts for 60% of all the friction in an engine so the material must be durable. 
We are looking for
· low heat transfer rates
· low thermal expansion rates
· hardness + abrasion resistance

The material must be able to function safely for years of use. As a component in a mass-produced affordable sports car this part must be able to withstand a lot of hard miles. There fore the material must have a slow rate of fatigue. 
The piston will come into contact with petroleum so the material must not react with this hydrocarbon in a negative for example corroding.
The piston will be introduced to temperatures ranging from 0-300 degrees Celsius so not only must the part be able to withstand these temperatures it must do so with a low amount of thermal expansion.
The material should be inexpensive to source and manufacture to help keep the price of the finished product to a minimum. Whilst searching for the cheapest material that meets our requirements we must keep in mind that the manufacturing process produces waste so the material must be one that allows us to reuse the wated material.
The final product is intended to be mass produced so there must be a high availability of the material in order to create the numbers we are looking for.
The material should be as light as possible whilst still having the necessary characteristics such as size and hardness.
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There are 6 types of materials we can consider making the piston out of; Metals, Polymers, Elastomers, Glasses, Ceramics and hybrids. 
Material groups such as glasses and Elastomers do not meet all the criteria to perform the job of a piston head.
Whilst Glasses will not corrode when introduced to fuels, it is too fragile and will shatter into many sharp pieces if anything were to happen to the piston for example it is dropped during maintenance or engine failiar which could cause injury and would be a nightmare to clean up. 
Elastomers will corrode when introduced to gasoline so they cannot be used to make a piston head.

The other 4 (Metals, Polymers, Ceramics and Hybrids) meet all the criteria for the part so 
[image: 2: Strength vs density materials selection chart (Adapted from M. F ...]All 4 of these categories have pros and cons but hybrids are the best. Hybrid materials such as alloys are the best materials for this product. An alloy is a mixture of materials one of which is metal. Aloys are fantastic as they allow us to have the pros of metals and negate some of the cons. the example taught in schools is stainless steal for construction. Steal was almost perfect, it had one major downside which was oxidation. Stainless steal is an alloy which contains chromium and results in an end product with all the pros of steel without its major floor.
Figure 1 – graph showing Strength against density of material groups
Metals are strong but they are also verry dense. Because this part has fixed dimensions and we cannot make it any smaller we are looking for a strong material with lower density in order to save weight. When referring to Figure 1 you can see that the ideal options for us are composites in the form of either magnesium alloys or aluminium alloys.
Magnesium reacts with water so it would not be a suitable material to build this part out of.
Aluminium is the perfect metal for this job. It has the hardness and abrasion resistance necessary to cope with the forces that the piston will endure over its lifespan.
How either aluminium has a higher thermal expansion rate than we are after at 23.6 micro metre per metre kelvin. By creating an aluminium alloy which composed of aluminium and silicon which has a coefficient of 2.6 we can significantly lower the thermal expansion rate to an acceptable level. 
4032 aluminium alloy allows us to run tighter fits due to the lower rate of thermal expansion which will lower the amount of piston slap. Piston slap dissipates energy through sound and increases wear on the piston head. This material is hard enough and will have low enough rates of wear and will give us good performance.
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This product is going to be a forged. Aluminium Is suitable for this as it is ductile at temperature of forming. The piston will be made using backwards extrusion. In this process material is forced to flow through a shape orifice. In backwards extrusion metal is forced in the opposite direction to the punch movement how either metal can also be forced to flow in a gap in the punch part. We will keep the aluminium alloy as cool as we can without making it brittle because surface texture quality deteriorates as you increase the heat. The production rate using this method is fast enabling us to have a faster production time per car.
After backward extrusion we would use a single point cutting machine to cut the piston ring slots.
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By using an alloy we will have saved wight compared to using metals whilst keeping the strength and tother desirable properties of the metal. Our piston will give the car good performance, it will be fast to manufacture and it will be suitable for large scale manufacturing.
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https://www.youtube.com/@AERAEngineBuildersAssociation
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