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1. Introduction
For this document there will be a discussion of materials and their properties in the use of a piston for a combustion engine. The type of material, combustion engine and the intended use of said components is up to the discretion of the author of this document who has chosen to focus on a high-performance, forced-induction road car as this could create a few interesting contradictions. Such as the need to have a strong piston to be able to withstand the high output and high stress created by internal combustion engines such as this but also having to consider the costs of materials, manufacturing and how the production could be affected by the choices they choose to make.
This document will explore the multiple facets and steps that it takes to make a piston in the automotive industry today. Material properties will cover the extensive list of processes that any manufacturer must face when designing a product and designating a set of materials that should be considered if a design makes it to the production process.
Material selection covers a vast array of materials that are used in the production of commuter cars and more extreme racing engines. Considering the benefits and setbacks of each materials such as easy of manufacture, cost of production and environmental impact.
Manufacturing Processes shows the ideas behind production processes and what can be done to ensure that the product is fit to task and able to take into to account the environmental sustainability of each process.
In the conclusion the decisions made by the author will be revealed and will serve as the opportunity for them to give reasons behind their choosing.
A high-performance road car has to be able to function in a number of scenarios ranging from low stress and high stress environments such as rush hour traffic and the possibility of track days. With this in mind the idea is to have a piston that is strong enough to compensate with high stress environments that does not cost top dollar in either materials or manufacturing. It must also be recognised that the efficiency of the chosen materials and manufacturing should be taken into account both in production and post production.


2. Material Properties
When considering material properties for an internal combustion piston there are several factors that should be considered that fall under three distinctive banners, Mechanical, Physical and Chemical. 
These material properties cover the characteristics of each material under the three banners. The main banner to look at with pistons is the Mechanical properties of the materials.  A piston is part of a constantly moving cycle which includes combustion, compression, and high thermal ranges. Using these process the good qualities of a piston can be deduced.
 (
Essential mechanical properties
Ability to withstand 
high 
stress.
Resistance to change under any thermal 
range.
Strong tensile and ductile strength
Resistance to corrosion
)






Using these properties, the list of materials that can be used is shortened to a small selection which can then be shortened again by a process of elimination through physical and chemical properties. 
Physical include analysing how a material can be machined, cast, forged and whether or not the material can be used for the product at all. For example, Ceramic is refractory which means it does not melt at high temperatures (Tudor, K. 2023) which could be considered excellent for use in a piston but it is also brittle meaning it will keep its shape until it eventually shatters which would lead to total engine failure.
Chemical properties are an important factor in all of this, this can decide whether its environmental to be able to use a material or whether it poses a health and safety risk. Take Beryllium for example, McLaren used Beryllium alloy pistons in there F1 engines from 1998-2001. They proved to be mightily successful winning two drivers and constructors world championships. However, it was later discovered that the gases and ash created by the pistons as they began to wear proved to be toxic, reportedly giving a few McLaren employees cancer years after the fact. Needless to say these pistons were swiftly removed and later banned by the Federation Internationale de l‘Automobile or FIA. (Millward, A. 2022)





3. Material Selection
The selection of materials in an engine has been a simple answer for most manufacturers in recent years, the main material used in production pistons these days is aluminium, it has proven to be a readily available and easy to adapt resource however what is distinctive between manufacturers is the aluminium alloy that they use.
There are a number of different alloys used in the industry, these alloys can vary in what other materials they use and what percentage of each is used. These alloys contain silicon, magnesium, nickel and copper in their mixture with some alloys including titanium and iron. 
The material selection process coincides with the manufacturing processes heavily as the manufacturing process can determine the initial trajectory of materials.
Cast pistons can fall in a few different categories of alloy. Eutectic, Hypoeutectic and Hypereutectic alloys are all aluminium based alloy with an increasing scale of Silicon used in each. Hypoeutectic is the lower end of the scale containing 6%-9% silicon, Eutectic containing 10%-14% and Hypereutectic being anything above 15% but usually not exceeding 18%. (Bolig, R. 2014)
Cast Hypereutectic are the most common amongst production engines today due to their thermal characteristics, resistance to corrosion and are less likely to expand. The benefit being that they can be manufactured to tighter tolerances than a regular cast piston, meaning they are more efficient and aid in lessening oil consumption.
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 Piston alloy characteristics (Smith, J
. 2017)
)Forged pistons have been made from a single material but recently have been able to be made with Hypoeutectic and Eutectic. According to Smith, J, the most common alloys in forged pistons are referred to as 2618 and 4032. 

2618 is a hypoeutectic alloy containing iron and titanium. With less silicon content 2618 is a more dense alloy than 4032 and is also more prone to wear and linear expansion but has a much higher tensile and yield strength and a higher melting point (Smith, J. 2017), these would be important assets in a high-performance racing engine. 
4032 is a eutectic alloy with a mix of silicon, magnesium, copper, and nickel. The alloy is less dense than 2618 which means its lighter, the higher silicon content means it does not wear as much and is less likely to suffer from linear expansion but has less tensile and yield strength whilst also having a marginally lower melting point (Smith, J. which makes it less suitable for outright performance but possibly greater for longevity and reliability.


4. Manufacturing Processes
There are several manufacturing methods when it comes to internal combustion pistons. These methods cover a range of cost and production capabilities. 
Casting is a method where an alloy is melted and injected into a specialised mould. This method allows for a more complex design to be achieved during the manufacturing process. Once a cast is made than the piston is machined to create the final product. Casting is also considered to be one of the more environment safe compared to other methods of manufacture as it uses less material and any excess used can be melted down to use in another process. Cast pistons are also lighter than forged pistons which means they have less rotational mass and could potentially allow an engine to rev higher an faster, ideal for a high performance motor.
 (
Figure 
2
 (Wagner, B. 2022)
)[image: ]The disadvantages of casting include the fact that cast pistons simply are not as strong as forged pistons. Visualised in Figure 2, the cast piston is less dense with material and because of this a cast piston has a far worse tensile strength than an equivalent forged piston. A cast piston is more likely to fail in a high stress situation which does not make them ideal for racing engines. These pistons are manufactured to a certain specification so when taken beyond original figures for example through tuning than they have an increased chance of failure.

Forging is the process of taking a piece of material and subjecting it to a high-pressure environment in which the material is effectively hammered into the desired shape (O’ Clair, J. 2023). Using this technique leads to a piston that has a high ductile strength, dense molecular structure and low susceptibility to detonation. These assets have made forged pistons a favourite amongst racing and tuning cultures because they can be pushed much further meaning they can handle more power and torque than the average cast piston.
Forging has its own drawbacks however, for starters forging has always been a worse option environmentally with more material waste as failed units cannot be recycled. The cost of forging is far greater than it is for casting as it relies on machinery that must be capable of delivering immense amounts of pressure regularly. A denser molecular structure also means that a forged piston is heavier than cast piston which increases the rotational mass and puts more stress on other components such as the crankshaft and connecting rods. Wear is also a big problem with forged pistons as despite being stronger than cast pistons they have worse thermal capabilities which leas to increased wear and oil consumption which is not ideal for reliability.



5. Conclusion
With all the above factors considered, the author has made their decision on the ideal material and manufacturing process they would use for their high-performance, forced induction engine. They have elected to use Cast Hypereutectic pistons.
A high performance road car has to be able to withstand high stress environments which might be experienced during a track day or hard acceleration but the factor of reliability and efficiency trumps the benefits that forged pistons would bring to the average driver. The intention of a high performance car is that it is already fast from the factory and does not need to be tuned to do so by the customer. 
Forging has the disadvantage of having a worse environmental impact but could also lead to the engine being less reliable overall. They are more susceptible to thermal damage (e.g. cold engine) and can’t be built to the tolerances that a cast piston can be designed for, which would increase oil consumption and decrease the overall efficiency, ideally with a high-performance road car you would be looking for more power and an element of fuel efficiency.
The cost of forged pistons could also create additional costs in other areas as well such as the connecting rods and crankshaft, due to the denser alloy increasing rotational mass, the conrods and crankshaft must then be designed to be able to sustain that additional mass for the lifespan of the car which would lead to higher development and production costs when the Cast Hypereutectic pistons could have been able to produce the same amount of power with a lower cost overall.
Going into this assignment the author had prejudices that Aluminium Forging would have been a ‘no-brainer’ for most engines but after researching and comparing the positives and negatives of each material and manufacturing processes they were persuaded to pursue an alternate route.

6. References

·  Acosta, G. (2021). ‘Modern Piston Materials, Manufacturing, And Coatings With UEM.’ [online] EngineLabs. Available at: https://www.enginelabs.com/news/modern-piston-materials-manufacturing-and-coatings-with-uem/.

· Bolig, R. (2014). ‘Narrowing Your Piston Choices - Mopar Muscle Magazine.’ [online] Available at: https://www.motortrend.com/how-to/narrowing-your-piston-choices/. 

· Millward, A. (2022). MCLAREN’S TOXIC ENGINE! The Story of the Mercedes Beryllium Alloy Pistons (1998-2001). [online] Available at: https://youtu.be/qmhaXXLubjM.

· MR Industrial Services (n.d.). ‘Steel vs aluminium – comparison and main differences’. [online] Available at: https://mrindustrialservices.co.uk/steel-vs-aluminum-comparison-and-main-differences/#:~:text=When%20it%20comes%20to%20steel.  

·  O’ Clair, J (2023). Available at: https://www.hemmings.com/stories/article/aftermarket-cast-and-hypereutectic-pistons 

·  Smith, J. (2017). ‘2618 vs. 4032 Piston Material Differences’. [online] Available at: https://auto.jepistons.com/blog/2618-vs.-4032-material-differences.

·  Tudor, K (2023) ‘Engineering  Design and Materials’ [Presentation], ACHA4001 Engineering Design and Materials. University of Wales Trinity Saint David. 3rd March

· ‌ Wagner, B. (2022). ‘Quick Tech: The Basics of Forged Vs Cast Pistons.’ [online] Dragzine. Available at: https://www.dragzine.com/news/quick-tech-the-basics-of-forged-vs-cast-pistons/ 










Page 2 of 2

image1.png
) Dad? - YouTul 5. 40 3 Aftermarket Cast and Hyp NI Narrowing Your Pists 24 Modem Piston Mat

> [@0 @ autojepistonscom/blog

Engin

Side-by-side, it's almost impossible to tell the difference between 2618 and 4032
4032. Wi

loys. The forging on the left is 2618, while the right is
they look the same, their material properties are significantly different.

4032 alloy can be used in performance and even competition applications with excellent results. However, its reduced ductility does
make the alloy less resistant to cracking with extreme impact loads such as detonation or unforeseen physical contact than would be

~ the case with a 2618 alloy. But don't let that scare you. According to JE's Director of R&D Dave Fussner, there have been Pro Stock
teams that have experimented with 4032 pistons because the alloy is slightly lighter.

Piston Alloy Characteristics

Material Characteristics 4032 2618

a Tensile Strength 55,000 psi 64,000 psi
Yield Strength 46,000 psi 54,000 psi
Fatigue Endurance 16,000 psi 18,000 psi
Modulus of Elasticity 11,400 psi 10,400 psi
Melting Point 990 - 1,060 F 1,020 - 1,180 F

The main difference with a 2618 alloy, as represented with the JE race piston line, is its very low silicon content. This makes a 2618
piston much more malleable, which offers advantages under high-load, high-stress applications such as with power adders
(superchargers, turbochargers, or nitrous oxide)

See the Full Line of JE Pistons

However, this lower silicon content also means the piston has a greater linear expansion rate, which must be compensated with
greater ambient piston-to-wall clearances. A 2618 piston will expand 15 percent more than a 4032 version. This, as we've mentioned,

is the reason a 2618 piston requires more clearance and as a result will be slightly noisier when cold as opposed to a comparable
4032 forging.
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