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This essay will cover various materials that would be suitable for a piston in an internal combustion engine. Research will be conducted into the many properties that are required from a piston to make it functional along with maintaining its longevity in harsher conditions. For a material to survive in an engine it must have a high heat resistance and be able to withstand an incredible amount of inertia.  
Once more the materials that will be researched will need to cope with very high pressures within the cylinder which is constantly increasing and decreasing due to the rotations of the crankshaft which the piston is attached to via the connecting rod. 
Common failures which can be caused due to unsuitable materials can include cracking of the piston due to fatigue over time. Pistons can also take damage in many over ways such as impact marks from the valves on the crown of the piston due to contact with the valves, many factors can attribute to this such as excessive protrusion of the piston or an incorrect head gasket.  
The purpose of an engine is to create a force and apply that to specific purposes varying between uses. The piston is there to sustain the pressure in the cylinder to transfer the energy from the combustion and transfer it into revolutions of the crankshaft. If the piston cannot withstand the forces exerted upon it, then failure could potentially be catastrophic which is why the material choice along with design of the piston is crucial. 
The engine that this piston will be designed for will have high performance uses meaning it will need a higher resistance towards stress and strain. The ultimate tensile strength of the material used for this piston would need to be higher than that of a standard piston that would be installed on an average city car with little tough use. 
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For a piston to be successful in fulfilling its role within an engine it must be able to withstand the many forces being applied to it. It is crucial that the material not only withstands these forces but do so consistently without fatigue. Considering this, the material of choice must tolerate forces much higher than what it will face within the engine which it is installed in.  
Pistons experience immense stress and strain, different materials deal with this differently. Beside is Figure 1. It is a photograph from the Bosch automotive handbook showing various materials tolerances to stress an[image: Text

Description automatically generated]d strain.
(Bosch, 2018)  
Allthough this image does not show any concrete values it shows the varying tolerances to stress and strain for the materials shown. 
Along with a high resistance to stress and strain a piston will need to tolerate high amounts of inertia. If a piston were to deform under a high load, a catstrophic failure will be iminent. 
One way to determine whether a material is suitable for the conditions which it will bw working in is to consider its youngs modulus. Youngs modulus is a ratio of stress and strain resistance and will tell you how much a material will deform under load (Anne Marie Helmenstine, 2019).Figure 1

The material used for a piston is required to have a high youngs modulus menaing it is inelastic anmd stiff. The high inertia forces it experiences would cause the piston to make contact with the valves if the material had a low youngs modulus.
Using a material that is lightweight allows the engine to rev more freely and it will be a lot more comfortable at higher rpm due to the rotating mass being reduced. This would result in power being gained through acceleration of the engine however no peak power wpould be gained. 
Materials with a higher thermal conductivity can also be very benefitial to an engine as it allows you to run the engine at lower temperatures. Lower engine temperatures can result in lower air intake temperatures. With a lower air intake temperature the density of air is higher. When the Air is denser a greater mass of air can be combusted equally more power.  
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There are three typical materials that are considered for a piston within an internal combustion engine. These are Cast Iron, Steel, and aluminium alloy. Each of these are good options to consider when designing a piston as they all have desirable properties for different applications. 
Starting with cast iron which is generally used for large bore diesel engines. This is due to its ability to not expand as much as other materials under extreme temperatures which these diesel engines run at, the size of the piston contributes to this as the larger the diameter, the more expansion you would expect hence why this material is used. The days of cast iron in common production cars for the masses is long due to its weight which makes it quite an inefficient material to use in engines that rev relatively high. Cast iron piston also require specialized oil due to them creating carbon deposits in the oil. 
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Description automatically generated]Steel pistons are a lot more durable when compared to aluminium pistons and are a good middle ground between the three materials mentioned previously. Similarly, to cast iron pistons, steel was used early in internal combustion engines due to its durability, nonetheless it has since been phased out in petrol engines at least. Alike cast-iron steel is still used in diesel engines due to its lower thermal conductivity making the combustion process easier due to the nature of a diesel engines combustion cycle where it uses compression and heat to ignite to air to fuel ratio rather than a spark. Many manufacturers have experimented with steel pistons and seen improvements in comparison to aluminium. One of these to name is Mercedes who saw a 3% increase in fuel efficiency in the Mercedes-Benz E 350 BlueTEC. One more advantage is it allows you to downsize the piston whilst gaining a resistance to mechanical stresses (New Atlas, 2014). The reasoning behind its improvement in fuel efficiency, is due to its lower thermal conductivity compared to aluminium resulting in increased ignition quality and combustion duration being reduced. 

Aluminium on the other hand may not have the increased fuel efficiency as these other materials however it is very lightweight which is great for power and one of the advantages which is desired in the engine which it is being applied to here. Its increased thermal efficiency allows the engine to run cooler which allows for more dense air to enter the chamber resulting in a larger combustion. Aluminium is also lighter than the formerly materials allowing the engine to rev up easier due to its reciprocating mass being reduced. The tensile strength is additionally increased which reduces the chances of elongation at higher rpm’s which could cause contact with the valves. 
A test was carried out to display the tensile strength of aluminium compared to steel and the results are as follows. 
	Load nut movement
	Steel extension
	Aluminium extension

	0.00
	0.00
	0.00

	0.20
	0.18
	0.05

	0.40
	0.36
	0.20

	0.60
	0.55
	0.40

	0.80
	0.72
	0.58

	1.00
	0.91
	0.75

	1.20
	1.09
	0.92

	1.40
	1.29
	1.11

	1.60
	1.46
	1.30

	1.80
	1.64
	1.50

	2.00
	1.83
	1.78

	2.20
	2.02
	1.85

	2.40
	2.21
	2.05

	2.60
	2.39
	2.22

	2.80
	2.56
	2.40

	3.00
	2.75
	2.59

	3.20
	2.92
	2.76

	3.40
	3.10
	2.94

	3.60
	3.25
	3.12

	3.80
	3.39
	3.31

	4.00
	3.51
	3.49


 


From this graph it is clearly shown that aluminium has a higher tensile strength due to its reduced extension under load. This shows that it is a better candidate for the application of a high-performance engine. The final question is what aluminium alloy to use as each have their advantages and disadvantages. Usually, a forged high-performance piston is made from one of the two following aluminium alloys. 4032 which has a silicon content of approximately 11% or 2618 which has a silicon content below 2%. (DSPORT, 2015)  
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Description automatically generated]The 4032’s thermal conductivity is 15% better than the 2618’s. This allows for tighter clearances within the cylinder which means that starting the engine from cold the tighter clearance will be quieter. Meaning a more pleasant sound for the user which is good for sport/streetcar applications. Which applies to this engine in this essay. The 2617 alloy is more suitable to race car use. It does have a higher tensile strength although the strength of the 4032 alloy is more than adequate for use in this engine.
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The manufacturing of this alloy takes 6 stages starting with the creation of a permanent mould which would be used to cast the shape of the piston to be machined for the best finish. It would then proceed to fettling, heat treatment and finally finishing and inspection (R.S Publication, 2015).
This method of production has a high initial cost when manufacturing the moulds however once they are created there are little expenses in comparison. Due to the nature of these moulds, they must be kept in good condition to not cause a reduction in their life span as it is relatively short. This is not a very cost-effective method of manufacture if the application is a long-term project. 
One more issue with this process for producing aluminium alloys is the time it takes for the cast to set which can take anywhere from 4miuntes to 10 minutes. This will therefore increase the price for higher volume productions as multiple numerous die set’s need to be purchased. (Otarawanna, 2011)
The suitable method of moulding would be tilted gravity where the mould is slanted and the material is transferred into said mould via a bath basin (R.S Publication, 2015). This die would need to have a very good inside surface finish to speed up the process of the final machining, this would decrease production costs. 
A safe and suitable material for the die cast must be selected with the parent material taken into consideration. Something like medium carbon steel would be safe for use due to its great strength. So long as the yield strength is smaller than 5.584 MN/m2 which is the maximum pressure it can withstand (Adeoti, et al., 2019).
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A range of properties were researched and evaluated to their importance for the application within an internal combustion engine. These being stress and strain resistance, thermal conductivity sand thermal expansion. These properties were chosen to be of the upmost importance to material selection as they are fundamentals to a piston, without a strong foundation the piston would perform very poorly and may cause a whole host of problems for the consumer. 
From here a select few materials that met these requirements were considered and evaluated against the certain application of this piston (sports engine) and these were cast iron, steel, and finally aluminium alloy. From these the most suitable for use was the aluminium alloy due to its great ability to resist expansion with heat from its high thermal conductivity. It also performed the best in a tensile test when compared to steel. Following that, A specific alloy that is tailored to the needs of a piston needed to be found. Upon researching this topic two were selected and paired against each other where 4032 aluminium was superior for the application whereas 2618 alloy was intended for use on race cars where the [piston much be stronger to withstand higher forces. 
Although the initial cost to start the manufacturing of the 4032 alloy is high as it is with any moulding production the upkeep is much less.  Time is also a factor consider as this process can take anywhere from 4 to 10 minutes of a piston depending on its size (R.S Publication, 2015). The last consideration for manufacture is the strength of the die itself. If it cannot withstand the yield point of the material, then it will fail, and production would halt completely with a lot of the development funds being wasted. This selection process is crucial to the manufacture of a piston. 
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Tikely to produce more noise (piston slap) on initial cold starts. This is due o the 2618 alloy’s tendency to expand when exposed o engine S

combustion temperatures. The 2618 alloy has a higher tensile strength, when compared to the 4032 alloy.

Alloy Comparison Chart rt 2 e ommaL
T ﬂﬂlldampr*

Reduce risk of engine failure
Unleash lost power
Broad RPM range protection.

Alloy 4032 2618

No tuning or maintenance.
Nominal Density 2.68 g/cc 2.81 glec

SF118.1 certified
Tensile Strength (Ultimate) 55,000 psi 64,000 psi
Tensile Strength (Yield) 46,000 psi 54,000 psi GLUIDAMPR
Modulus of Elasticity 11,400 psi 10,400 psi
Fatigue Endurance Limit 16,000 psi 18,000 psi

Forging versus Billet Pistons
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While 99-percent of all aftermarket high-performance pistons are machined from forgings, billet pistons have been making the news in the

past two years. Both forgings and billets have their advantages. A forging has superior grain flow giving it additional strength for its weight
Billet pistons do not depend on the design restraints of a forging and can be made to be stronger in critical areas that might fail in a
particular forging. Whereas every piston forging has its dimensional limits, a piston made from a billet can be designed and machined to
have thicker and stronger areas that may not be available in the available forgings to the aftermarket. Hence, the main advantage with a
billet piston is having less design constraints. Ultimately, the design elements found to work in a certain billet piston can trickle down to a
revised forging for that family of pistons in the future. When there are no forgings available to make a piston to meet the design

requirements of a particular engine build, a custom billet can get it done.
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