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This report will discuss the material selection process undertaken when choosing suitable materials to manufacture pistons for four stroke diesel internal combustion engines along with each perspective materials properties and their various traits when being used for piston creation. The report will also look at how the other comprised components that work with the piston mate and the manufacturing processes taken to create a suitable piston for use in and internal combustion engine. 
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There are a few selections that can be used to make the piston itself there are genuinely varied on their application from vehicle to vehicle. Most notable are the differences are the different materials and designs used in racing vehicles as they need to be durable at high revving outputs and lightweight for the overall weight of the vehicle. 
Engines with low rpm (revolutions per minute) are generally made out of cast iron as they have low expansion rate to avoid piston slap which is where the piston skirts expand and hit the side walls of the cylinder and cause a knocking noise in materials such as aluminium pistons and blocks. The low rpm engines containing cast iron blocks are heavier than the aluminium counterparts and tend to have longer skirts this allows the piston under the forces of inertia to run true to the body of the cylinder thus reducing piston slap. 
Cast iron pistons are advantageous when it comes to being manufactured for production vehicles as they have the advantage of being easily moulded and the material is cheap to acquire. The disadvantage is that in the process of cast iron moulding the material can be easily compromised by air bubbles that cannot be seen in the cast of the piston which can lead to failure and impurities such as cracking which compromises the compression within the cylinder. Check this with research use her PowerPoint from foundation year. 
Aluminium a non-ferrous material is used for pistons and piston components, it is used with engine blocks made from aluminium especially in high rpm engines such as race cars as its big advantage is a lightweight material reducing the weight of the overall vehicle to aid in reaching faster speeds.  These pistons are not ideal for good fuel consumption when being looked at for commercial and production vehicles. This is a big factor for many a car buyer or a company that’s main dealings are in transport the long skirts on aluminium pistons leading to aerodynamic drag in the cylinder bringing down the fuel economy along with the material wearing a lot quicker than other counterparts such as grey cast- or cast-iron pistons this material is better suited in high speed and rpm racing vehicles. (Mikalsen, Roskilly 2010)
A select material list including cast iron, cast aluminium, forged aluminium, cast steel and forged steel can be selected from as they are widely used in most of the internal combustion engines. All the listed materials are suitable for use as pistons as they all can handle the work needed with the friction forces of inertia and the hight temperatures produced inside a cylinder while being able to output efficiently to produce a power output to propel the respected vehicle. 
The three most popular materials for manufacturing pistons are Cast iron it is a strong, durable, and heat-resistant material that can withstand the high temperatures and pressures generated during the combustion process. It also has good wear resistance and can maintain its shape and function over time, even under harsh operating conditions. The second is Aluminium alloys are lightweight and have good thermal conductivity, which makes them a popular choice for manufacturing pistons in diesel engines. They also have good strength properties and can resist wear and corrosion. The third is Forged steel it is a high-strength material that is used in high-performance diesel engines. It has excellent strength and fatigue resistance and can withstand high temperatures and pressures. (Mikalsen, Roskilly 2010)



A few examples of bad materials to use for the manufacturing of pistons in combustion engines are cast steel , low grade metals like cast iron, low grade aluminium and steel. The third poor choice for piston material is plastic and composite materials. Cast steel is a heavy and expensive material that has poor thermal conductivity. It may not be suitable for all applications and can be prone to overheating and reduced engine performance. The second bad materials are Low-grade metals like low-grade aluminium, cast iron, or steel can be cheaper, but they lack the necessary strength and durability to withstand the high temperatures and pressures in diesel engines. (Liu, Jing et al. 2022) These metals may wear out quickly, leading to engine damage and reduced performance. Thirdly Plastic or composite materials are not suitable for making diesel engine pistons as they lack the necessary strength and durability to withstand the high temperatures and pressures generated during combustion. They are also not wear-resistant and may deform or break under high stress.
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Cast iron is used widely in the automotive industry the iron carbon alloys are smelted down in preparation to be poured into a mould. The alloys that make up the cast iron have a carbon content of greater than 2%. The difference in composition is that cast iron contains from 2-4% carbon and other alloys along with 1-3% silicon which helps the casting process and performance of the molten metal. This then changes the iron from wrought to cast iron and leaving the differences being in the chemical composition structure and the physical properties. Cast iron has the advantages of hardness with the pistons ability to withstand indentation and abrasion, cast iron has good absorption of energy, along with its ductility it has good ability to deform without producing fracture under strenuous scenarios. The biggest disadvantage to cast iron is its low thermal conductivity in high-speed engine which led to other materials being chosen over them for more performance-based engines. (Metzger, Leidenfrost et al. 2014)

Cast Aluminium 
Cast Aluminium is a widely used material for pistons, it has a few good advantages such as being much lighter than pistons made from other materials, which reduces the overall weight of the engine and improves fuel efficiency. Aluminium has a Good thermal conductivity Aluminium has high thermal conductivity, which allows it to dissipate heat quickly and efficiently. This helps prevent overheating and reduces the risk of engine damage. Aluminium also has a good strength-to-weight ratio Aluminium has a high strength-to-weight ratio, which means it can withstand high stresses and forces without adding excess weight to the engine. Aluminium has a Low-cost Aluminium is abundant and relatively inexpensive compared to other materials, which makes it a cost-effective option for manufacturing pistons. (Schreer, Roth et al. Oct 13, 2013)

Aluminium comes with some disadvantages such as a Low wear resistance as Aluminium is a soft metal that can wear out quickly, especially when exposed to high temperatures and pressures. This can lead to increased friction and reduced engine performance over time. It has a High thermal expansion as Aluminium has a high coefficient of thermal expansion, which means it expands and contracts significantly with changes in temperature. This can cause the piston to expand too much and seize in the cylinder bore, leading to engine damage. Aluminium is Susceptible to thermal distortion this can also distort or warp under high heat, which can cause it to lose its shape and compromise its function. Aluminium has a lower melting point compared to other metals like steel or titanium, which means it can melt or deform under extreme heat or stress. (Schreer, Roth et al. Oct 13, 2013)







Cast steel 
Cast steel is a high strength material Cast steel has excellent strength properties, which allows it to withstand high stresses and forces without deforming or breaking. This makes it a durable and reliable material for manufacturing pistons. Cast steel has Good wear resistance Steel has a high hardness and good wear resistance, which allows it to resist the abrasive wear that can occur between the piston and cylinder wall. It also has a high melting point, which means it can withstand high temperatures without melting or deforming. This is important for diesel engines that operate at high temperatures and pressures, along with good fatigue resistance, which means it can withstand repeated cycles of stress and strain without developing cracks or failures. (Hedhli, Bessrour 2016)

Cast steel also has some disadvantages to being used for piston manufacturing such as High cost Steel is a more expensive material than other options like cast aluminium, which can increase the cost of manufacturing pistons. Cast steel is heavier than aluminium, which can add to the overall weight of the engine and reduce fuel efficiency. It also has a low thermal conductivity, which means it does not dissipate heat as efficiently as other materials. This can lead to overheating and reduced engine performance. A big component is it is susceptible to corrosion if not properly protected, which can cause the piston to degrade over time. (Hedhli, Bessrour 2016)

Manufacturing Process  
There are several manufacturing processes used for casting cast iron piston heads in diesel engines. Pattern making is when a pattern is created using wood, plastic, or metal. The pattern is a replica of the final shape of the piston head, including any features like cooling channels or oil passages. 
Mouldings are when the pattern is used to create a mould made of sand and resin. The mould is made in two halves, and the pattern is removed before the molten iron is poured into the mould. Melting and pouring is a process used where the iron is melted in a furnace, and once it reaches the desired temperature, it is poured into the mould. The molten iron fills the cavity of the mould, taking the shape of the pattern.
Cooling and solidification is done Once the molten iron is poured into the mould, it starts to cool and solidify. This process can take several minutes, and the temperature is carefully controlled to ensure that the iron cools uniformly and doesn't crack. Shakeout is used Once the cast iron has solidified, the mould is broken open, and the rough casting is removed. The casting is then cleaned to remove any excess sand or debris.
Machining is used when the rough casting is then machined to the final shape and size of the piston head. This includes drilling any necessary holes for cooling channels or oil passages. The piston head is then finished, which may include polishing or coating the surface to improve wear resistance. The casting process for cast iron piston heads is a complex and precise process that requires careful control of temperature and cooling rates to ensure a high-quality final product to make the piston head as viable as possible in the highly strung and warm environment of the cylinder. 





[bookmark: _Toc127812261]Conclusion 
To conclude cast iron Is proven to be the most popular choice for piston head material in diesel combustion engines due to its strength, durability and heat resistance. As diesel engines run under high pressure along with high temperatures this will cause components that aren’t high in durability to fail under the operating conditions of diesel engines. With cast irons high melting point the material can withstand deforming and melting inside the engines cylinder ensuring that the component can run high cycles and have a good longevity. The thermal conduction on cast iron is good as it absorbs heat and dissipate it effectively. This is in aid of preventing hot spots in the cylinder keeping the engine at a consistent temperature again adding to the longevity of the component. Overall cast irons strength, heat resistance and thermal conductivity make it a great choice for piston head designs in diesel combustion engines. 
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