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[bookmark: _Toc98076690]Introduction
The intention of this technical report is to research what the required material properties are for a piston in respects to the environment it works in and the application of the piston. All material properties will be defined, and a range of suitable materials will be considered and will be made clear as to which material would be more affective for the application of the piston. Manufacturing processes will be considered, considering the most cost effective and most sustainable, ethical processes. In this case, the application of the piston would be for motorsport use meaning the manufacturing process of the piston will differ from the manufacturing process of a piston from a road vehicle due to the fact the piston will need to be built for strength and higher performance and will need to be able to still perform well at higher revs, higher temperatures and more force. 



[bookmark: _Toc98076691]Material Properties 
Depending on the function of the piston changes the requirements of the material properties, this is where it is important to investigate the mechanical, physical and chemical properties of the materials being selected. The strength of the material used, and the thermal conductivity properties are crucial for the load carrying capacity of the piston and uniform temperature distribution within the piston. When looking at the changes of clearance between the cold and hot states, the thermal expansion coefficients should differ by as little as possible. (GmbH, 2016)
Pistons in racing applications are exposed to heavily fluctuating temperatures, the thermal stressed caused by the fluctuating temperatures puts a cyclic load on the material therefore the material must have a good static and dynamic value along with being resistant to stress and strain. The best materials should also have excellent resistance to seizure, low friction coefficients and be wear resistant. Due to the application of the piston, the material must also be able to withstand extremely high pressures within the cylinder and be able to distribute the heat evenly. Another property that should be noted is the materials reactivity in exposure to different fuels. (GmbH, 2016)
The peak temperature in the combustion chamber at wide open throttle is 258 degrees Celsius, thus meaning the material used for the piston must be able to withstand high temperatures for periods of time before cooling and then being run to high temperatures again. (T. K. Hayes - University of Illinois at Urbana-Champaign, R.A. White Works by R.A. White - University of Illinois at Urbana-Champaign and J. E. Peters Works by J. E. Peters - University of Illinois at Urbana-Champaign, 1993)
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After deciding on material properties required for the application of the piston, the material selection process takes place. During the material selection process, it is crucial to select the best all-around material to be applied in a racing car. To complete this process, there is a method used by engineers to help them make the best decision for their project. This method includes translation, screening and ranking.
· Translation – The translation of materials refers to converting design requirements into a prescription for selecting materials.
· Screening – The screening process is where materials being to be eliminated, using material bar charts, young’s modulus and splodge plots to measure strength, density, stiffness and fatigue of the materials.
· Ranking – Ranking the materials that would do the best job
Ranking – material index calculation, a material index is a grouping of material properties which, if maximized or minimized, maximizes some aspects of the performance of an engineering component. (M.F. Ashby et al., 2000) Once the translation, screening and ranking has taken place, it is important to gain supporting information by considering multiple constraints and objectives by researching into alternatives for the highest-ranking materials looking for properties that would affect the function, engineering properties, chemical properties, manufacturing properties, thermal properties, magnetic properties and electric properties along with free variables. In the automotive industry, cast alloy pistons are used in road vehicles due to their almost perfect shape immediately after casting meaning the finish-machining is minimised keeping the pistons at a lower cost, they also offer excellent thermal and wear properties enabling a longer ring and skirt life as well as tighter side-wall clearances for a quiet operation. (“Narrowing your piston choices,” no date) Cast aluminium’s used in pistons, however, do not have a high ductility meaning under tensile stress they are more likely to deform and fail quicker. Cast aluminium pistons are best used for lower performance engines. It is common to see hypereutectic alloys used to make the majority of the internal combustion engines. Hypereutectic aluminium alloys are used in the casting process for pistons for higher performance road vehicles that are naturally aspirated because the high percentage of silicone in the material, typically around 16-18 percent, gives many benefits over conventional cast pistons. The hypereutectic alloy allows for better wear resistance, and increased strength, thermal, lubricity and scuff properties. Forged pistons have metallurgic properties that differ from cast pistons, this is due to the difference in how they are made. While cast pistons materials are melted and poured into a mould, forged pistons are created from a billet of extruded aluminium alloy, thus meaning the piston can be made to be a more dense, ductile piston which is inherently stronger and can withstand more pressure in higher performance engines. However, only some materials can be used in the forging process, for example:
· 2618 low silicon aluminium
· 4032 alloy which has around 11 percent silicon 
4032 alloys are a stiffer material and has less thermal conductivity and rate of expansion but also has a great wear resistance, mostly used for street application because of its capability of a tighter piston to wall clearance from the lower expansion rate and has a long skirt and ring life. 
2618 is a better material for racing applications due to its higher density rating and tensile strength in comparison to the 4032 alloy and has a greater ductility and fracture resistance but does not have some of the benefits achieved from the lower silicon content alloy. Having a higher rate of thermal conductivity, it allows the heat to be transferred to the skirts of the piston. Pistons made from 2618 alloy need to have a more complicated skirt design in order to prolong the life of the piston and slow down the wear as much as possible and to be able to reduce the bore clearance. 
To clarify, for stock engine road vehicles, cast aluminium is the best option due its lower price. Hypereutectic cast aluminium pistons are most suitable for up to 600 horsepower naturally aspirated engines because of its high silicon content allowing longer piston life and improved combustion seal because of the closer piston to sidewall clearance. 4032 forged aluminium is best for engines producing up to 1000 horsepower that is naturally aspirated, the 4032 forged piston is created to be a more stable piston as it has a closer tolerance which stop the piston from rocking. 2618 forged aluminium is best suited for engines producing up to 1200 horsepower with turbos, supercharger and nitrous etc. The low silicon content of this material creates a high expansion property to run larger piston to cylinder wall clearance, 2618 forged aluminium pistons are engineered to withstand extreme conditions but the piston life is compromised which makes it best for racing conditions dependant on budget due to their high prices. 
[bookmark: _Toc98076693]Manufacturing Processes
The manufacturing process is a planned process that includes:
· The design of the product
· A selection of raw materials
· A sequence of processes through which the product will be manufactured. 
The manufacturing process is defined in two ways, technology and economic. There is also a manufacturing cycle that is carried out to ensure the product is made to its full potential. This cycle includes:
· Development – research and analysis
· Baseline System – prototype and design
· Production – testing and planning
· Logistics – delivery and support 
Each manufacturing process must meet specific demands and trends, this means they must:
· Fully meet design requirements
· Product must be environmentally friendly
· Quality must be built in through different manufacturing stages
· Production must be flexible in order to respond to changing market demands, types of products, production rates and delivery time requirements
· Manufacturing activities can be modelled to study the effect of factors on product quality and cost
· The organisation must strive for a higher quality of productivity
There are many different processes that can be used to produce a piston after going through the material selection, these processes include:
· Rough Die Cast
· Machined Die Cast
· Investment Cast
· Sand Cast
· Open Die Forging 
· Machined Die Forging 
· Closed Die Forging
Pistons are either made by casting or forging, and to decide on which method to use there are many things to take into consideration including the materials and budget. Each method has their own pros and cons which need to be weighed out in order to choose the best method for the piston. Although all types of casting have great cons such as being able to build complex designs, gaining a good surface finish, the ability to create threats, good dimensional accuracy and being able to make more than one component at a time, there is also the possibility of defects including blowholes, pinholes, misruns, mismatch, shrinking, metal penetration and other immunities which could affect how the piston would perform. There are also a lot of things to consider when it comes to forging. These considerations include temperature, force and closed/open die. A forged piston would be stronger than its cast counterpart, however cast pistons do have some benefits over forged depending on its application. For racing application, the selected process is forging 2618 aluminium alloy due to its strength properties and thermal conductivity. 
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The two tables presented show the physical and mechanical properties of 2618 aluminium alloy. As discussed previously, the max temperature in the combustion chamber is 258 degrees C meaning 2618 aluminium alloy can withstand a high enough temperature for racing applications as the melting point is 510 degrees. Also notable is the materials tensile, yield and shear strength properties. These strength properties are important for any application of the piston however they need to be much higher for race applications due to the amount of stress that the component is put through. 
(“Aluminium / Aluminum 2618 Alloy (UNS A92618),” 2012)
(“Aluminium / Aluminum 2618 Alloy (UNS A92618),” 2012)


[bookmark: _Toc98076694]Conclusion
After carrying out research in all aspects, it is important to understand the application of the piston before looking at different materials and manufacturing process. The material selection and manufacturing process can completely alter the useability of the piston in different applications. For motorsport applications, cast pistons although have an overall better tensile strength at around 441 MPa, they are not able to perform as well as the forged pistons under extreme racing conditions due to the lessened strength when using power aids such as turbochargers, supercharger and nitrous. All types of cast pistons are unable to be produced to be as ductile as the forged pistons due to the difference in the way they are made meaning forged pistons can undergo more stress and strain due to the heating cooling processes they go through and still give high performance before coming to the end of their lifespan which can be increased with a more complicated piston design to enable less wear and scuff. Forged pistons also have a better thermal conductivity than cast pistons with forged thermal conductivity being around 138.72 W/mK and cast being around 133.88 W/mK which shows how much more strength at higher temperatures a forged piston can withstand in comparison to a cast piston. Fatigue strength comparisons are also notable, in racing applications, the pistons are pushed to their limits with strain, so fatigue needs to be minimised as much as possible. At around 300 degrees C, a cast piston has a fatigue limit of just under 20MPa when under pulsating tension strength whereas a forged piston has a limit of almost double that with just under 40MPa (Hidenori Fujii and Tomoo Oka, 2009). Although the difference is the strengths does not look significant, when the material is put under different types of stresses and strains, the forged materials give a much better performance in racing applications. 


[bookmark: _Toc98076695]References
“Aluminium / Aluminum 2618 Alloy (UNS A92618)” (2012) AZO materials [Preprint].
GmbH, M.I. (2016) Pistons and engine testing. Springer.
Hidenori Fujii and Tomoo Oka (2009) “Development of Lightweight Forged Piston Material by Optimizing Size of Needle-type Intermetallic Compound,” SAE International Journal of Materials and Manufacturing Vol. 1, No. 1 [Preprint].
M.F. Ashby et al. (2000) “Design analysis for material selection,” Metal Foams, Butterworth-Heinemann [Preprint].
“Narrowing your piston choices” (no date) Motortrend [Preprint].
T. K. Hayes - University of Illinois at Urbana-Champaign, R.A. White Works by R.A. White  - University of Illinois at Urbana-Champaign and J. E. Peters Works by J. E. Peters  - University of Illinois at Urbana-Champaign (1993) “Combustion Chamber Temperature and Instantaneous Local Heat Flux Measurements in a Spark Ignition Engine,” SAE Technical Paper 930217 [Preprint].
 Li C. (2000), “Piston Thermal Deformation and Friction Considerations,” SAE Technical 
Paper 820086








2

image1.png
Pritysgol Lymiru
% Y Drindod Dewi Sant

S University of Wales
Trinity Saint David

3




image2.PNG
Properties Met: Imperial
Tensile strength 440 MPa 63817 psi
Yield strength 370 MPa 53664 psi
Shear strength 260 MPa 37709 psi
Fatigue strength 125 MPa 18130 psi
Elastic modulus 70-80 GPa 10153-11603 ksi
Poisson's ratio 033 033

Elongation 10% 10%
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