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Introduction

This technical report will give a full insight into the piston. The piston is a fundamental part of the engine, therefore the material used to make the piston needs to be reliable and be able to withstand high explosive forces in the cylinder. The piston should be as strong as possible while also being as light as possible.
The details will include the material properties and selection. During this process, the material needs to meet a certain criterion, as in they need to be light to keep inertia forces to minimum, must have good thermal conductivity, low expansion qualities, long service life, also have a resistance to corrosion.
The report will also have the manufacturing process for a piston, how they take shape. The difference in the cast pistons from the forged pistons, this will include information from the foundry stage, to pin boring and finally to turning. 
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Piston functions

The piston is the moving part of the combustion chamber within the engine which has the job of converting the released thermal energy into kinetic energy. The basic structure of the piston breaks down to the top of the piston which can be domed in diesel engines and flat or have valve grooves for petrol engines, there are slots in the piston for the piston rings such as the oil ring and the compression ring at the top as well. The piston is held onto the conrod with a Gudgeon pin this is usually held in with clips inserted to the grooves on either side of the Gudgeon pin to hold it in place this gives an improved bearing surface on between the conrod and piston rather than the aluminium from the piston, this also dissipates heat from the moving surface reducing the chance of it seizing because of the heat and reducing wear on the material too. This makes the piston one of the most important and complex parts of an engine from a design and materials point of view because of the various criteria that the material must hit to be functional, reliable, cost effective and capable of  being manufactured to specific shapes and sizing depending on the requirements of the engine as different engines require different pistons due to displacement for the size of the engine or , petrol/diesel and 2-stroke or 4-stroke engines all have different piston designs for different compression ratios or oil flow etc. In the picture below is the difference in design between the petrol engine piston(left) and the diesel engine piston (right) both pistons from KIA designed engines.
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The most important jobs the piston must perform include:
1.  Transmission of force to and from the working gas
2.  variable bounding of the working chamber
3.  sealing off the working chamber
4.  heat dissipation
5.  guiding the sealing elements, (piston rings)
The requirements of the piston will change to adopt to the engine output.
So, some of the requirements of the piston are:
1. tensile strength 
2. low friction
3. seizure resistance and simultaneous running smoothness 
4. low weight and shape stability
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Piston materials

Piston materials and design are critical and also with that there is the strength/ weight conflict that will have an impact on the engine.
The materials commonly used for a piston are aluminium alloys, cast iron and steel alloys.
The material properties of a piston must be extremely strong to withstand the forces that will be exerted on the piston in the engine such as, inertia from the rotation in the engine and also the elevated temperatures from the combustion process. The temperatures can hit up to 300 degrees inside the chamber.
 The piston also has to fit tight tolerances because of the piston expanding in the cylinder with the heat of the engine. If the piston were to expand to much it causes the engine to fail, starting with the piston rings and scoring of the cylinder which could break the piston rings then drop into the bottom of the engine destroying it too. 
 From my research the most common piston material is an aluminium alloy. This material is a low conductive metal to electricity and magnetic forces. This means that the metal can sustain the pressures from inside the chamber, meaning its less likely to become enough of a factor to cause an engine failure. Aluminium alloy is also used mainly because of its excellent wear resistance, low specific weight, low expansion coefficient and high strength cost effective material compared to titanium or other metals with equivalent properties but higher costs.
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This graph shows a varied selection of materials, these materials have been tested for durability. The information from this graph clearly shows that aluminium alloy is capable of more stress and strain than other metals. The fact that aluminium alloy is coming out on top would make it the best suitable option for making a piston from. 
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Piston Manufacturing 

The way in which the piston is manufactured also changes the properties of the same metal. such as forged aluminium being the stronger harder to produce part with limited design capabilities whereas casting can produce much more complex shapes more easily.

Piston manufacturing: There are two common ways to manufacture a piston which are:
Casting:
Casting pistons is when the desired metal is heated up to molten metal. and then poured into a mould and cooled down. After they are cooled down they are finished by machining the piston using CNC/precision machines to add in any features needed, such as the hole for the Gudgeon pin and grooves needed to secure it and the piston rings, to strict tolerances set by the manufacturer. Then it is smoothed over all surfaces before being hardened and coated or polished to achieve a lightweight piston but at the sacrifice of having more mass and less strength than a forged piston but makes up for this with the weight that it saves. Manufacturers prefer this method due to how fast and cheap it can be done because of cheaper materials and less man hours and machines required than what it takes to forge a piston making it the preferred method of mass manufacturing , the cons of this method are that there can be tiny air bubbles in the aluminium used leading to impurities in the part which can create small weak points in the piston which can lead to the piston material cracking and fracturing, leaving a mess in the bottom end of the engine if abused however if treated right can last a long time at low rpm but with driving in the high rpm range these pistons are more likely to become a problem because of the extra strain and force acting on the piston.
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Forged:
Forged pistons are created from a solid block of aluminium/alloy and heated up and pressed or hammered into shape, this changes the molecular structure of the metal making it much stronger than a cast counterpart. However, this makes the piston heavier for its size therefore being a heavier piston than a cast piston but what the piston loses in weight it gains from strength and being capable of handling a lot more stress and strain. After the piston has been forged it will be machined to the manufacturers tolerances inserting bits like the hole for the Gudgeon pin and the grooves for the circlips at either side of it and the piston rings also may have an arrow pointing to the exhaust side to show what direction it must be installed  Forging is also more expensive that casting due to the process involved and the time it would take to produce however can be produced in small numbers. These are the piston of choice for high power modified/prototype engines that are tuned to produce more horsepower for racing will typically use these pistons after the bhp of the car is above the manufactured specs for strength and reliability of the OEM mass produced cast pistons especially if the compression was to be higher than manufactured spec such as turbocharging an engine for more power. After the piston has been forged it will require some finishing to meet the tolerances and quality needed before being coated in an anti-wear high resistant material to extend the life of the piston further.
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Conclusion 

This report was on research of the piston. The aim was to provide information on the materials used to construct the piston, the material properties, the selection process, and the manufacturing process. It was an insight into the functions that are required from a piston and why the material selected is suitable for job. The material and its function have a severe impact on how the engine will perform. So, it is crucial that the correct material is chosen, if not it could be a costly operation to repair the damage if the piston does not work efficiently. Different metals have been tested to the max to see how they withstand the heat and the pressure that is placed on a piston. It was concluded that the material has to meet a certain criteria for the job, and that from my research the material best suited for the job was Aluminium Alloy. This material is the 13 element in the periodic table and is the most widespread metal on earth, its versatility makes it the most widely used metal. Not only is it versatile but also strong, light, durable and functionable. So, to make such an important part of an engine from the material makes sense. The manufacturing process can be done in either of two ways, one is the forged metal process, and the other is the cast metal process. Both processes are productive, and both works. The Forging process is when the solid block of metal is sculpted and hammered into shape. This process makes it stronger that the casting option. The casting process involves melting the metal and moulding it into shape, both these methods are effective and are commonly used by manufactures. 
After the research done my opinion would be that the forged piston is more reliable than the casted. Due to the metal not being disrupted by the melting process. That would be my preference choice, though I do think both do the job they are required too. 
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