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1-Introduction 
In this technical report, appropriate materials will be researched to break down the required properties that is important for a piston. Scenarios where the application of a piston and environments it works in will be considered . A clear list of property materials will be presented, with a variety of suitable material property values that the component would be expected to encounter. Once the potential material properties have been discussed a selection of an appropriate material can be chosen for the piston. With this material choice, justification will be provided to prove why it was the best choice for its application. Then a material manufacturing process will be needed to analyse and to see what is suitable for the chosen material for the piston. All this information will be gathered and backed up by using reputable sources and justifying via Harvard referencing.
This report is going to be based around lower cc standard two stroke pistons that are used in motorcycles more specifically something like a Yamaha Areox, the main reason is due to its simplistic design and its unique properties in comparison to a standard four stroke piston. The explanations to how a two-stroke piston works will be provided, this will help justify the material chosen as it operates differently to its four stroke counterpart.
 




















2-Material Properties 
This section will review the optimal suited properties in relation to a piston:
· One of the material properties that are looked for in piston is strength, when referring about strength it regards the measurement on how much stress can be applied before material in use has a permanent affect such as a fracture or warp. There are three main strength properties that are considered such as tension, compression and shear force, a material for the piston should be able to withstand compressional forces for it to be a viable candidate. (Ahmed et al.) (Axsom) (Curley)
· Thermal distortion is a key consideration when selecting a material for a piston as a piston should be highly tolerant to heat deflection. Deflection or compressibility of the material occurs when the material has hit its thermal conductivity limit, if this limit is reached the piston could warp and loose its high tolerance configuration that it was constructed to causing the piston to wedge itself into the cylinder walls of motor causing the rotating assembly to seize or catastrophically fail. (technology)
· Inertia Distortion is an important factor as the piston will experience a large load of inertia during its running time. If a material that has poor resistance to inertia or has poor tensile strength is used this could lead to engine failure. Tensile strength tends to be regarded as some of the most important loads that a material can withstand because the ability to resist breaking under tensile stress is one of the most important and widely measured properties of a material that is used for structural applications such as piston. (Gopal).
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Description automatically generated] Figure 1 shows a material property chart these charts are also known as bubble or ashby charts, these charts are used by engineers to determine what mechanical properties are best for their component it ranges with two axes, the X axis representing the density of the material which is measured in Kg/m^3 this indicates to us weather the material is light or heavy. The Y axis represents Young’s Modulus which is measure in GPa this tells us weather the material is flexible or stiff. Both axes are covered using the logarithmic scale where each square of the table represent as a factor of ten .
Using this chart with these axes you can start to determine what sort of material you would like to use. Although using one of these charts does take a bit of common sense, for example glass may fit the stiffness required for a piston making it a good contender but realistically glass would never work for a piston. These charts are useful for engineers when it comes to identifying gaps to find new materials that were never considered, this chart also helps engineers compare one material to another when their mechanical properties are similar. Finally, these charts are super beneficial when it comes to seeing trends on materials as seeing why certain materials are chosen by another engineering group could benefit the choice made by a different development team as that helps bring unconsidered mechanical property ideas to the table. (gtranta)[bookmark: _Toc130143356]Figure 1: Image shows a material property chart used to determine the optimal material for use (“Using Material Selection Charts”)

3-Material Selection
Now that the material properties have been discussed and a goal is set for what’s best material properties is sought after when manufacturing a piston, a selection of materials can be considered and processed to see what the best choice is.
Here will be listed a few considerations of materials for a two stroke piston and a brief explanation on what material properties they follow to see if the material is best suited for the given purpose:
· [image: Extended durability for high strength aluminium alloys][image: AISI 1018 Mild/Low Carbon Steel]Low Carbon Steels, low carbon steel is a commonly used material when it comes to being used for pistons. This material has great resistance to thermal conductivity, vibrations, inertia, and high frictional resistance, all these properties were stated earlier as essential properties required for the manufacturing of a piston. This would make this material a viable option for making a low power simplistic two stroke motor due to low carbon being less brittle than other steels and less likely to crack or shatter under extreme forces. Although low carbon steel tends to difficult to work with when it comes to welding, bending, or moulding. (warehouse) (Vohera)[bookmark: _Toc130143357]Figure 2: Image shows low carbon steel.

· [image: Malossi Cast Iron Piston Kit 70cc- Aerox | Pedparts UK]Aluminium Alloys, although low carbon steel is commonly used for pistons.  It seems like using an aluminium alloy may suit a two stroke piston better. Just like the low carbon steel the aluminium alloys have resistance to thermal conductivity, vibrations, inertia, and high frictional resistance. Not only that aluminium is not as dense as low carbon steel, but this also allows the piston to rev up faster and have less strain on the rotating assembly, two strokes are known for their rev happy high rpm output making this material very appealing for this application. Aluminium pistons do have a negative, as they have such great thermal expansion it requires a bit more thought when calculating clearances and tolerances. (Spinning) (Vohera)[bookmark: _Toc130143358]Figure 3: Image shows aluminium billet.

· Cast-Iron, cast-iron pistons are normally used in combustion engines too, cast iron has some beneficial material properties such as high shock resistance, high tensile strength, high strength making the piston last for greater distances and its capability in high cooling performance. These material properties are great assets for a low power low cc two stroke piston, as the iron will outlive the motorcycle and will require low maintenance and can take high abuse. The downside to using cast iron as a material is that the material is rather expensive when compared to its counter parts and the material is much heavier. (camlet)[bookmark: _Toc130143359]Figure 4: Image shows a cast iron two stroke piston.

After these materials have been researched and material properties have been considered I feel that using an aluminium alloy would be the best choice for a low cc two stroke piston, this is due to a few factors that the aluminium alloy has that I feel outweigh the other materials mentioned. The aluminium is considerably lighter than the cast-iron and the low carbon steel and I feel a light weight rotating assembly is key to a long-lasting low cc two stroke engine. Aluminium also is cheaper than both materials and is easy to manufacture as multiple methods manufacturing can be used depending on the quality of the piston that is required. I feel the aluminium also fits the material properties requirements best, although it does come with a negative I feel like it could be easily worked around.
4-Manufacturing Methods 
Now that the material for the two-stroke piston has been selected, a manufacturing process can be looked into that relates to a aluminium alloy based piston. Research will help find the manufacturing processes available for aluminium and a choice can be made so see what manufacturing method suits the application of the piston best, weather its price related or simply too complicated for the pistons in use.
Here are some manufacturing methods that can be used to produce an aluminium alloy piston:
· [image: Gravity die casting - OpenLearn - Open University]One possible manufacturing method for making a piston is known as gravity die casting, gravity die casting is a relatively simple process. Firstly, gravity die casting utilises two pieces of metal that is used to form the molten aluminium alloy  into the desired shape, this is known as the mould. The mould is first heated to the desired temperature and then a form of lubricant is applied to assist with the extraction of the cast. Once the mould is ready, the molten aluminium is poured in and settles, once the material settles the mould is split into half and the cast is removed from the mould. Once the main cast has been created all the imperfections are removed and the piston will be worked to fit the required tolerance. Die casting has a few advantages that would suit a low cc two stroke piston, die casting allows for high production numbers as the metal mould doesn’t become damaged during the process. The casts the are produced are incredibly accurate to the set dimension and give consistent results making this method perfect for mass manufacturing and finally this process allows the material to have great thermal conductivity allowing the material to have greater heat resistance. The disadvantage is that the process of diecasting makes the material weaker due to the disruption of their bonds. (Tech) (Cast)[bookmark: _Toc130143360]Figure 5: Image shows gravity die casting process

· [image: Piston Forging Tech Explained by Modatek]Another viable manufacturing process is metal forging, this method of manufacturing a piston is slightly more long winded but better results are achieved when this method is used. Firstly a long piece of aluminium billet is used, this will be the base of the piston as it will be manipulated with a lot of force into the desired shape. The long billet is cut to the appropriate size for the piston, then the billet which is known as a ‘puck’ at this stage is heated up to make it more malleable is placed into the press. The press is now used to compress the puck into a mould and the general shape of this piston is formed. Once the general shape has been achieved the piston will then be machined into the shape that it was designed for. This method gives the piston a lot more strength than casting as the bonds of the piston are still intact due to the fact the aluminium hasn’t been melted down, therefore you tend to see this method used for higher output engines that see a lot more forces than a standard road engine. The downside is that this process is far more long winded than casting and due to the extra machines required makes this more expensive than casting as well. (Trend)[bookmark: _Toc130143361]Figure 6:Image shows forged pistons

For the low cc low output two stroke piston a aluminium gravity die casting manufacturing method will be chosen due to the fact that this motor will never see high horsepower output that will require a forged piston, as well as this engine will most likely be a cheap mass production engine so a high manufacturing process cheap piston will be the most appropriate for this application.
5-Conclusion
After following my research and looking into all material properties, appropriate materials and manufacturing methods I feel a aluminium alloy piston that is gravity die casted will be the most appropriate for my given application. We looked into all the properties that is best looked for in a piston with this information and research I matched the best material that suites the discussed properties and then using more research I gave the most appropriate manufacturing method for the application. I feel if this report was followed in a real life application a piston will be made and will be reliable for its needs.

























6-References 
Ahmed, Aqeel, et al. “Mechanical Properties, Material and Design of the Automobile Piston: An Ample Review.” Indian Journal of Science and Technology, vol. 9, no. 36, Sept. 2016, doi:https://doi.org/10.17485/ijst/2016/v9i36/102155.
---. “Mechanical Properties, Material and Design of the Automobile Piston: An Ample Review.” Indian Journal of Science and Technology, vol. 9, no. 36, Sept. 2016, doi:https://doi.org/10.17485/ijst/2016/v9i36/102155.
Axsom, Tessa. “Engineering Fundamentals Refresh: Strength vs. Stiffness vs. Hardness.” Fictiv, www.fictiv.com/articles/engineering-fundamentals-refresh-strength-vs-stiffness-vs-hardness#:~:text=Mechanical%20strength%20measures%20how%20much. Accessed 16 Mar. 2023.
---. “Engineering Fundamentals Refresh: Strength vs. Stiffness vs. Hardness.” Fictiv, www.fictiv.com/articles/engineering-fundamentals-refresh-strength-vs-stiffness-vs-hardness#:~:text=Mechanical%20strength%20measures%20how%20much. Accessed 16 Mar. 2023.
camlet. “Advantages of Cast Iron - Calmet.” Www.calmet.com, 17 Mar. 2023, www.calmet.com/advantages-of-cast-iron-2/#:~:text=It%20can%20bear%20high%20tensile.
Cast, Nova. “Gravity Die Casting | Top Quality UK Aluminium Casting Foundry.” Novacast, 18 Mar. 2023, www.novacast.co.uk/casting-processes/gravity-die-casting/#:~:text=Gravity%20Die%20Casting%20Process&text=The%20mould%20is%20heated%20and.
---. “Gravity Die Casting | Top Quality UK Aluminium Casting Foundry.” Novacast, 18 Mar. 2023, www.novacast.co.uk/casting-processes/gravity-die-casting/#:~:text=Gravity%20Die%20Casting%20Process&text=The%20mould%20is%20heated%20and.
Curley, Robert. “Strength of Materials | Engineering Discipline.” Encyclopedia Britannica, 16 Mar. 2023, www.britannica.com/technology/strength-of-materials.
---. “Strength of Materials | Engineering Discipline.” Encyclopedia Britannica, 16 Mar. 2023, www.britannica.com/technology/strength-of-materials.
Gopal, Raghvendal. “What Is a Tensile Strength? - Definition from Corrosionpedia.” Corrosionpedia, 16 Mar. 2023, www.corrosionpedia.com/definition/1072/tensile-strength#:~:text=As%20its%20name%20implies%2C%20tensile.
---. “What Is a Tensile Strength? - Definition from Corrosionpedia.” Corrosionpedia, 16 Mar. 2023, www.corrosionpedia.com/definition/1072/tensile-strength#:~:text=As%20its%20name%20implies%2C%20tensile.
gtranta, ansys. “Material Property Charts.” Granta Design, 2020, www.grantadesign.com/education/students/charts/.
---. “Material Property Charts.” Granta Design, 2020, www.grantadesign.com/education/students/charts/.
Spinning, Wenzel Metal. “Steel vs Aluminum: Weight, Strength and Cost Differences - Aluminum vs. Stainless Steel | Wenzel Metal Spinning.” Www.wenzelmetalspinning.com, 16 Mar. 2023, www.wenzelmetalspinning.com/steel-vs-aluminum.html#:~:text=Steel%20is%20strong%20and%20less.
Tech, Subs. “Die Casting [SubsTech].” Www.substech.com, 19 Mar. 2023, www.substech.com/dokuwiki/doku.php?id=die_casting.
technology, race. “Thermal Distortion | Race Technologies | Brembo Official Partner.” Www.racetechnologies.com, 16 Mar. 2023, www.racetechnologies.com/article/thermal-distortion#:~:text=Thermal%20distortion%20is%20the%20deflection.
Trend, Motor. “How a Forged Piston Is Produced.” MotorTrend, 1 Mar. 2018, www.motortrend.com/how-to/1803-how-a-forged-piston-is-produced/#:~:text=Regardless%20of%20the%20.
“Using Material Selection Charts.” Www-G.eng.cam.ac.uk, 16 Mar. 2023, www-g.eng.cam.ac.uk/125/now/mfs/tutorial/non_IE/charts.html.
Vohera, Heer. “Advantages and Disadvantages of Low Carbon Steel.” Thepipingmart Blog, 27 Dec. 2022, blog.thepipingmart.com/metals/advantages-and-disadvantages-of-low-carbon-steel-2/#:~:text=Low%2Dtemperature%20carbon%20steel%20is%20less%20brittle%20than%20other%20types.
warehouse, aluminium. “What Are Uses of Low Carbon Steel?” Latest News, 10 July 2019, www.aluminiumwarehouse.co.uk/blog/what-are-uses-of-low-carbon-steel/#:~:text=Lowcarbon%20steel%2C%20in%20particular%20has.

2

image2.jpeg
Ceramics

Polymers

Rubbers

<— Flexible

T000 3000 10000 30000
«— Light DENSITY (kg/m?) Heay —>




image3.jpeg




image4.jpeg




image5.jpeg




image6.jpeg




image7.jpeg




image1.png
Prifysgol Cymru
% Y Drindod Dewi Sant

" University of Wales
Trinity Saint David

%




