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[bookmark: _Toc130083784]1.0 Introduction
This report will examine a four-stroke engine's processes, manufacturing methods and innovation. A four-stroke internal combustion engine is the most common engine for cars.
Through this report, I will be looking into the production of a piston looking at the properties of the material selection, the manufacturing processes and how it all works together. Looking through the processes a piston goes through, the stress analysis, and the temperatures it must adhere to vary in high temperatures; engines run to about 600-700c at running. 
[bookmark: _Toc130083785]1.2 How a Piston Works
A piston is utilised through the four-stroke cycle, the intake stroke, compression stroke, power stroke and exhaust stroke. The intake stroke is where the fuel and air mixture of a ratio of 14.7:1 of air to fuel. This is then creating an explosion as the piston starts at the top dead centre of the air, and fuel is injected through the air intake and fuel injectors. As the piston goes downwards, the fuel and air are put into the cylinder. When the piston goes upwards, the spark plug creates a spark igniting the fuel and air, creating an explosion, which is the compression stroke of increasing the temperature and pressure. This leads to the power stroke of the spark igniting the fuel, which leads to the exhaust stroke where the cylinder has gone downwards from the power stroke, and the cylinder is now filled with gases which need to be exhausted outwards, which in the ends come out of your exhaust fumes. This is in the combustion chamber and exits through the exhaust valve, and the exhaust valve is then closed as the piston reaches the top dead centre, and the inlet valve opens once again to repeat the cycle. This is concluded as the four-stroke cycle.
This is the overall job of the piston in brief format to explain the importance of a piston as it is the main component within an engine.
[image: ]
Figure 1 Four - Stroke Cycle (Britannica, 2007)



[bookmark: _Toc130083786]2.0 Material Properties
A piston needs many properties to sustain the stress it takes on every stroke cycle and revolution. These consist of one another and vary on the application of the piston being used. Whether it is being used in a car, truck or race car or even race truck, each piston has a variety of requirements and cylindrical values.
As stated in Haynes manuals tutorials, "Why a piston is made of aluminium Engine components need to be hardwearing for longevity and lightweight to improve efficiency.
As a result, pistons are usually made from an aluminium alloy, which is the best all-around material to use in the average car and motorcycle engine." (Haynes Manual Tutorials, 2023). Using high-performance pistons come from a variety of sources, such as forged pistons.
[bookmark: _Toc130083787]2.1 Resistances of a Piston Material
In pistons, there is a multitude of properties from corrosion resistance as the engines may last years, and corrosion will not be good for the purpose of a piston. Pistons must be wear-resistant as a piston must not wear; there are extremely tight tolerances in pistons to get the best power ratio out of them, and putting wear on a piston makes tolerances out, decreasing the power efficiency of an engine. A piston fundamentally needs strength to withstand the pressures and temperatures generated. A generic vehicle will max out at about 6000rpm whilst race cars at possibly 9000 revolutions per minute; the piston must be able to withstand that. A piston must be able to dissipate heat quickly to prevent overheating and failure. A piston finally must also have a low coefficient of expansion, so when it is hot to its running temperatures and above, to not expand much within tolerance to allow the piston to move up and down smoothly.
[bookmark: _Toc130083788]2.2 Race Car Versus Road Car Properties
In a race, car pistons are put to their limits vigorously for strength due to their revolutions and thermal tolerance. The weight in racing is far more important in racing compared to a road car; race engineers and designers want to cut any gram possible in a race car, so they will ensure their car is lighter. In a race car, there is the aspect of cost which is neglected more than in a road car; in a race car, fully forged pistons and expensive materials are far more likely depending on a budget of the sport with manufacturing processes to suit. The properties are optimised for the best performance per gram for the vigorous life a race piston will go through. 
[image: ]
Figure 2 2618 Piston (Acosta, 2021)
[bookmark: _Toc130083789]3.0 Material Selection
The material selection in a piston varies widely on the purpose of the piston, race car, truck, road car, performance road car and so on. There is a multitude of reasons for wanting higher-grade pistons and reasons for lower-cost mass-produced pistons. This all depends on the use of the piston in what application.
[bookmark: _Toc130083790]3.1 Rally Pistons
I will be looking into rally engines and pistons, specifically looking at Carlos Sainz racing the ST205 GT4, which was made of forged aluminium alloy. Commonly used pistons in rallying engines are 2618-T6 and 4032-T6 aluminium alloys. A specific rally piston comes from motorsport specialists like RCM power parts, who say, "Forged from 2618A aerospace alloy, CNC machines at a constant 20.5c weighed and batched to within 0.5 grams" (RCM Power Parts, 2023). This is a forged aluminium alloy used in an Impreza JD MSTI and Spec-C 2001+. These pistons cost just under £800, which is not something a normal road card would be affordable for, but for race, the application is acceptable in providing performance. 
[bookmark: _Toc130083791]3.2 2618 versus 4032 Piston
2618-t6 and 4032-T6 are commonly used but have differences, as shown in the below graphs.[image: Table
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Figure 3 2168 vs 4032 Positives and Negatives (Je Pistons, 2019)
Figure 4 2618 vs 4032 Piston, (Je Pistons 201
Figure 2 is the right table, and Figure 3 is on the left. From the figures given and research given by Je Pistons, a 2618-t6 engine is more resistant to cracking and to higher temperatures. Within rallying a vital spec is the external temperature, one week you can be racing in 40-degree heat, and the next be -10c on a high mountain, which means the pistons must be able to resist cracking and various temperatures. The material itself must withhold a drastic change in variation.
Another benefit of 2618 is the vigorous scenarios they can take; although the piston does not last as long, it expands and contracts more than the 4032, known as piston slap, as referenced from hemitunerperformance.com, which states "these pistons are used in extreme racing applications like NASCAR and NHRA. 2618 Pistons require a greater piston-to-bore clearance due to their tendency to expand when heating up. This process can be heard during a cold start and is known as a piston slap." (Hemitunerperformance, 2023) From this performance advantage in sports such as rallying and NASCAR, where every millisecond is vital in positions, a gain in performance for extreme sports is vital. For this case, my selection for material would be the 2618-T6 Forged Aluminium alloy piston due to the performance advantage whilst maintaining a sustainable amount of life it can survive.

[bookmark: _Toc130083792]4.0 Manufacturing Processes
Manufacturing processes all start with logistics, getting materials to a factory for production, pistons typically arrive on articulated lorries in long tubes for cutting down in the form of a pipe but are not hollow. 
Cast iron or aluminium alloy pistons from typical everyday road vehicles are made to a high-grade tolerance as an engine requires accurate tolerances to function effectively. Once a machining process has taken the piston, it is then moulded into shape; a drilling and lathe machine makes the minute details, such as the piston number, the compression and oil rings, to ensure the piston has an airtight seal within the cylinder head. 
[bookmark: _Toc130083793]4.1 Differences in Cast Iron and Forged Pistons
There are main differences between cast and forged, the first being cost; cast s far cheaper, so typically used in normal road cars, a ford focus, Citroen c1 and so on, whereas forged will be used in high-performance vehicles such as Lamborghini, higher end Porsches and so on. These are required due to the higher strain they are designed for use. Another main difference is the manufacturing process which is stated and referenced by dragzine.com "The biggest difference between cast and forged pistons is how they're made. Cast pistons are created by taking molten aluminium and pouring it into a mould to form the piston. Forged pistons start life as a solid piece of aluminium and are heated, then formed into shape via compressive force in a press."(Wagner, 2023) Using this method makes cast iron reluctant to be used in high performance. 
The actual difference in manufacturing comes down to the grain flow as a forged piston is directly aligned as it is made of a single piece of metal, the aluminium alloy creating balance within the structure. A forged piston is stronger hence the price involved; in laments, terms forged structure is linear and cast iron is spread grain flow that maintains an uneven balance; this, in turn, is still a strong structure as pistons do require properties to be maintained well nevertheless increases a forged pistons performance.
[bookmark: _Toc130083794]4.2 Geometric Tolerancing
Within manufacturing, you must ensure quality through a piston being malleable and not brittle. This can be done with geometric tolerancing. Geometric tolerancing allows for pinpoint accuracy for the diameters of the piston, ensuring correct fitment within the bore of the cylinder and seal. Geo tolerancing within the industry goes into two separate standards, one being ASME and the other being ISO which both are GD&T standards. This is the same as everyone using millimetres as the level of measuring, so someone doesn't measure in metric and in China, imperial means a massive flaw in manufacturing. This creates an industry standard. Despite using GD&T, it does increase the cost; therefore, it is only used when it is necessary within manufacturing. Below shown is a feature control frame which is used widely in industry for ASME and ISO GD&T standards, this references the various symbols used to portray measurements for all languages to comprehend.[image: ]
Figure 5 Feature Control Frame (Luke, 2019)
[bookmark: _Toc130083795]4.3 The Forging Process
There is a process for a piston being manufactured, including raw material to forging. First, the raw aluminium alloy is taken to the furnace for melting, this furnace must get to the desired temperature, which may be a trade secret on specifics, but it ranges around 700c degrees. This furnace shapes the aluminium alloy into a piston for processing later. This mould is put into the forging process for forged pistons. A forged piston is made to take the shape of a mould that is designed. Forging is completed and kept to a sustainable temperature in the process it undergoes machining the same as cast iron, with lathes and drills for piston and oil rings along with gauge on pinhole and necessary removal of material once this is completed as some of the cast iron the piston follows quality assurance especially extreme with forged and performance pistons.[image: ]
Figure 6 Yamaha Forging Process (Yamaha Motors, 2023)
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5.0 Conclusion
In conclusion, a profound report explaining the ins and outs of processes involved with manufacturing a piston is important to note that in every manufacture and throughout the years, the processes have changed drastically. A wide range of AI and robotics are involved in today's manufacturing processes; our logistics have gained better sustainability and carbon emissions involved in the product. Many forms of the production process throughout the year have changed widely. From little robotic assistance to most of the process being AI and robotics controlled, although some may disagree with this it allows for the accuracy, intelligence and adapting knowledge to push forward performance and economy within pistons, ensuring they are made to the possible best design, whether road or race car. This, in turn, allows progress for the industry.

[bookmark: _Toc130083797]5.1 Future of the Industry
2618 high-quality aluminium alloy used in high-performance engines, even 4032 being used when engine stripping is not so common due to it lasting longer; both forged alloys have a major part in the future, along with cast iron. All materials within pistons are progressed. The increased use of automation and research will be an interesting sight, along with the concept of 3D printing being pulled together for further work; whether this pulls together is to wait for this shows with the projected stock market of piston manufacturers.
There is also the thought of electric vehicles; piston manufacturing may come dwindling dependent on the future of electric vehicles not needing engines and pistons, which may affect the progress of piston research. This is yet to be seen as race cars, and rallying will most likely still have the drivetrain of pistons and an internal combustion engine. 
Overall, the Industry is heading to an interesting stream to follow; the processes involved will change in time, but in what way is yet to be seen, electric, 3D or downhill due to electricity?
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