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[bookmark: _Toc98589336]Introduction

[bookmark: _Toc98589337]Aims and Objectives
This report will explore the materials and properties that are required when designing and using a piston in an internal combustion engine, analysing what material properties are used, as well as why these certain materials are used in the manufacturing processes. Also considering the forces and energy that a piston is put under when in use and how this impacts the material choice and its characteristics.

[bookmark: _Toc98589338]Early piston design
Early pistons used in internal combustion engines (ICE) were made from sand casts using iron ore (cast iron pistons). The process back in the 19th century was one of trial and error when designing a piston, often taking many attempts produce a competent product which could withstand the thermal energy and pressure produced in an ICE, this was due to the lack of close tolerancing and understanding of the material properties.

[bookmark: _Toc98589339]
Material Properties
[bookmark: _Toc98589340]Modern piston
[bookmark: _Hlk97810058]Modern pistons are made from either a low carbon steel (cast) or an aluminium-silicone alloy (forged) utilizing AlSi10Cu5Ni1 and AlSi10Cu5Ni2 to enable the piston to meet stress and strain demands, as well as thermal dissipation away from the piston crown. From a design standpoint, a forged pistons strengths far outperforms its cast counterpart in multiple categories, due to the added silicone content (around 12%) a forged piston is far stronger on a molecular level due to the pressures it endures during manufacture. A forged piston is also up to 2.5 times lighter and can withstand higher temperatures without damaging the atomic carbon bonds meaning it is more efficient at dissipation of heat and maintaining its original properties. However, a forged piston is also more ductile than its cast counterpart, meaning that it will undergo thermal expansion more, resulting in more wear to the piston and bore during warm up phases, this has to be taken into consideration when manufacturing.
Generally, there are 3 types of piston material selection used, those being Eutectic alloys (AlSi12CUMgNi), Hypereutectic alloys (AlSi18CuMgNi) and Special Eutectic alloys (AiSi12Cu4Ni2Mg).
[bookmark: _Toc98589341]Eutectic, Hypereutectic and Special Eutectic Alloys
To showcase the properties of the aforementioned 3 types of alloys, Figure 1 below demonstrates the mechanical and physical characteristics of these composites when placed under numerous tests.
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[bookmark: _Toc98409334]Figure 1 - Alloy Properties
(F.Devaere, 2011)

[bookmark: _Toc98589342]Stress and strain analysis
From figure 1, it can be seen that the forged pistons outperformed its cast counterparts in almost every test for the Eutectic and Hypereutectic alloys, adding in the fact the forged variants are lighter and therefore have less angular inertia, this shows that using a forged piston is a preferred choice from a performance standpoint. 
However, it’s also seen that the Special Eutectic alloy which has a high content of magnesium outperformed all other counterparts primarily due to the magnesium content, which although magnesium’s melting point is lower than other materials tested, the die-casting process and the other materials used to make the alloy counteract this and it maintains a suitable melting point, while also gaining the benefits of a lower density, and is easier to mould than its alternatives with little machining being needed after. The manufacturing process is expensive, and usually used in motorsport rather than commercial use.
[bookmark: _Toc98589343]Summary
To summarise this section, material properties which are desired are a high yield strength, a lightweight material, high thermal dissipation, and strong molecular bonds that don’t fatigue as well as a material which isn’t too ductile.






[bookmark: _Toc98589344]Material Selection
[bookmark: _Toc98589345]Cast vs Forged alloys
To select an appropriate material for a piston, first the characteristics of each material must be understood as each will have its use dependent on its desired use.
[bookmark: _Toc98589346]Cast alloy
Cast iron is in the category of iron-carbon alloys, generally a carbon (C) content greater than 2% and a silicone (Si) content of 1-3% are the main alloying elements.
Types of cast alloy are grey, white, malleable, and ductile cast iron.
Cast alloys characteristics:
· It is brittle
· Very hard
· Non-malleable (cannot be stretched or bent)
· Good under compressive forces (i.e., in Diesel engines)
[bookmark: _Toc98589347]Aluminium alloys
As the name states aluminium (Al) is the main composite, incorporating other materials such as silicone, zinc, tin, magnesium and manganese.
As a cost-effective benefit, cast aluminium is cheap to produce due to its low melting point.
Aluminium Alloy characteristics:
· Very resistant to corrosion and oxidization
· Lightweight
· Great strength and hardness
· Has fantastic radio frequency interference (RFI) and electromagnetic interference (EMI) shielding properties
· It is recyclable
· Requires less machining after being produced to finish
[bookmark: _Toc98589348]Which material to choose
Each material will be chosen based on the required use; a cast iron piston or cast alloy piston will be often found in mass production applications due to its compressive strengths and ease to manufacture in large quantities
Whereas an alloy piston would be a preferred choice in a more performance orientated engine due to its strengths and the lightness in comparison to cast-iron, as well as the benefit of being able to meet tighter tolerances.
Source: (R.Subramoniam, 2017)



[bookmark: _Toc98589349]Manufacturing Processes
[bookmark: _Toc98589350]Different types of manufacturing
Depending on the design and the property needs of the piston, there are 3 main directions in which to manufacture a piston, it is critical to the lifespan of the component that the correct method is chosen due to the different given characteristics that each process will provide the created component.
[bookmark: _Toc98589351]Sand-casting
To create a sand cast, a mould is designed using sand into which molten metal is poured and allowed to solidify, should the part need cavities or other design features, then sand cores can be used which are made separately and put into the sand cast before pouring the metal. 
(Wang, 2010) states that the cores are supported core prints and that the chaplets allow the molten metal to flow between the core and the mould wall. Meaning that the molten metal will flow around the cast imprint to ensure the part is the correct shape.
After this moulding process, machining is required to perfect the part to tolerances pre-determined in the design.
[bookmark: _Toc98589352]Die-casting
Die casting is one of the most widely used methods to manufacture parts to date, due to the effort over the years to refine this process of using casts made of a metal which is harder and has a higher melting point than the material that is placed into the cast, using a high pressure machine to press the material into the cast to remove excess impurities, air and to create a fine, uniform grain in the material to help strengthen it.
Source: (G.P.Syrcos, 2003)



[bookmark: _Toc98589353]Investment casting
Investment casting is a process in which a branch is made that holds many moulds to increase unit production via a hardened ceramic coating dipped in a wax mixture, once the mould is made and the part created, the ceramic part is then heat treated to remove the wax and the ceramic coating, varying the temperature will provide different characteristics to the component, i.e. how hard or ductile it may be.  

















[bookmark: _Toc98589354]Conclusion
This report has gone over the required properties that are desired in the construction of a piston, which materials are best suited dependent on application of said part. 
Shown were the forces that different materials are placed under in the stress analysis, and the characteristics of each alloy tested and its behaviours to change in temperature and pressures.
Finally discussed were the processing methods used in modern piston design and how these processes vary from one another.
[bookmark: _Toc98589355]Final material selection
Based on all of the information in this report, for a performance piston, the material of choice would be a forged piston incorporating magnesium, silicone (11-13%) and carbon (1-3%) due to the uniform linear grain, the lightness of the product and the ability to machine the part to fine tolerances, the only draw back to this material would be its thermal expansion during cold starts as previously mentioned, however as this is a performance orientated part, the benefits far out perform the negatives.
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