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Introduction
A piston is the component responsible for withstanding the high pressures produced inside pneumatic cylinders and internal combustion engines, in the latter pistons are also subject to high temperatures from the combustion of air/fuel mixture, so this makes material selection for this part a very intricate process. With this in mind, in the context of engineering, material selection is very important to ensure the correct functionality of a certain component within its environment. All loading forces, operating temperatures, interaction with surrounding parts, lubricants, lifespan, and many other factors are to be considered for a correct selection of raw material.
[bookmark: _Toc98783563]Table 1 - Materials Choice Process

Table 1 provides a more visual interpretation of what the materials design process should be like. Starting with phase one where design requirements for the component should be set, closely followed by the screening of possible candidates while subsequently ranking them by their suitability for the function initially set. This ranking should be always accompanied by appropriate supporting information so that the choice is backed by relevantly sourced material (Kutz, 2002).


[bookmark: _Toc98784517]Material Properties
As previously mentioned, defining the correct material properties for the component’s environment and function is the first step in the chain of choosing the most appropriate material. Looking at the scenario this piston is going to be part of an under-square (where bore < stroke) design type inline 6-cylinder internal combustion engine designed for heavy duty use.
[bookmark: _Toc98783564]Table 2 - Final Engine Characteristics
	No. of Cylinders
	6

	Bore
	127 mm

	Stroke
	254 mm

	Bore-stroke ratio
	0.5:1

	Engine Displacement
	19305.6 cm3

	Induction Type
	Supercharged

	Fuel Cycle
	Diesel

	Injection Type
	Direct Injection



A typical piston on a forced induction, direct injection diesel engine is subject to the highest temperatures at the crown, these range between 350–400°C (MAHLE GmbH., 2012). Another factor to be considered is the peak cylinder pressure (PCP). Increasing PCP has been the main resource used to increase efficiency in this field but pushing this above 20 MPa has been difficult to achieve while preserving reasonable affordability and longevity (Pierce et al., 2019). These kinds of operating conditions need to be accounted for in choosing a material to prevent component deformation, fatigue, and premature wear.
While lower piston mass is advantageous, it is not a strongly enforced requirement since this engine will run in a lower range of engine speeds thus not being so much affected by the inertia forces higher engine speeds would pose. 
Good thermal conductivity of the material chosen is crucial in dissipating the piston crown temperatures above mentioned down towards crankcase or towards the cylinder walls. Alongside that is thermal expansion which should be minimal given such tight tolerances in the piston pin and cylinder bore. These tight tolerances are also key in the terms of easy machinability since sliding and sealing surfaces involve high-precision finishing (MAHLE GmbH., 2012). As this engine is marketed at a fleet market total cost of ownership is a very important issue and this ensures that the piston will be as economical to make as possible while maintaining greater lifespan to spread the cost of the component throughout its usable lifetime. 

[bookmark: _Toc98784518]Material Selection
While aluminium alloys with their high thermal conductivity are the main materials used in the construction of pistons nowadays, although the higher PCP and larger bore size induce a pressure towards using a steel piston (Routeone, 2015) in order to cope with these conditions. 
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[bookmark: _Toc98783559]Figure 1 - Strength-Density Chart (Ashby, 2005)
To cope with these kinds of conditions the predominant choices for materials are 42CrMo4 steel and the Micro alloyed steel 38MnVS6, the first typically used in heat-treated form, the latter treaded by controlled cooling.
[bookmark: _Toc98783565]Table 3 - Chemical composition of 42CrMo4 and 38MnVS6 Steels (MAHLE GmbH., 2012)
	
	C
	Si
	Mn
	Cr
	Mo
	P
	S
	V
	N

	42CrMo4
	0.38–0.45
	max. 0.40
	0.60–0.90
	0.90–1.20
	0.15–0.30
	max. 0.035
	max. 0.035
	–
	–

	38MnVS6
	0.34–0.41
	0.15–0.80
	1.2–1.6
	max. 0.30
	max. 0.08
	max. 0.025
	0.020–0.060
	0.08–0.20
	0.01–0.02





[bookmark: _Toc98783566]Table 4 - Tensile Strength (MPa) (MAHLE GmbH., 2012)
	
	42CrMo4
	38MnVS6

	20ºC
	920-960
	910

	130ºC
	870-960
	860

	300ºC
	850-930
	840

	450ºC
	630-690
	610



Tensile strength is very similar in both materials throughout the temperature ranges mentioned with a slight advantage to 42CrMo4 especially as temperatures begin to increase. 
[bookmark: _Toc98783567]Table 5 - Yield Strength (MPa) (MAHLE GmbH., 2012)
	
	42CrMo4
	38MnVS6

	20ºC
	740-860
	610

	130ºC
	700-800
	570

	300ºC
	680-750
	540

	450ºC
	520-580
	450



In the yield strength field is where 38MnVS6 has its main disadvantages as seen in Table 5. 
[bookmark: _Toc98783568]Table 6 - Young's Modulus (MPa) (MAHLE GmbH., 2012)
	

	42CrMo4
	38MnVS6

	20ºC
	212000
	208000

	130ºC
	203000
	201000

	300ºC
	193000
	189000

	450ºC
	180000
	176000



Young’s Modulus is also higher in 42CrMo4, making it harder to deform than 38MnVS6 at high temperatures. The decision has been made to go with 42CrMo4 for the production of this piston, because of its great ability to retain shape, resist to fatigue stress while dissipating heat from the combustion chamber as seen in Table 7.
[bookmark: _Toc98783569]Table 7 - Thermal Conductivity λ (W/mK) (MAHLE GmbH., 2012) 
	

	42CrMo4
	38MnVS6

	20ºC
	44
	38

	130ºC
	43
	39

	300ºC
	40
	39

	450ºC
	37
	37



[bookmark: _Toc98784519]Manufacturing Processes
Manufacturing of pistons requires high precision standards in order to obtain a long lasting and reliable product at the end of the production cycle. The manufacturing process chosen for this component was closed die forging, minimizing machining needed to achieve tight tolerances, even if at a higher initial setup cost (Somers Forge, no date).
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[bookmark: _Toc98783560]Figure 2 - Tempered Structure of 42CrMo4 Steel (MAHLE GmbH., 2012)
To harden the steel tempering will be used. Tempering is a process were steel is quickly cooled down from temperatures up to 850ºC, also known in industry as quenching, this process hardens the molecular structure of the metal making it tougher, but also less hard and strong (MAHLE GmbH., 2012). 

[bookmark: _Toc98784520]Conclusion
In the manufacturing field, materials choice is one of the most important tasks to ensure a successful product. In the example the component will have to endure thousands of hours of running throughout its service life. At the present time, for a piston in a heavy duty diesel engine, steel is still the best material to work with. Its mechanical characteristics and high durability are still key in a burdensome work environment as this is. The high pressures typical of the diesel cycle coupled with the added pressure by forced induction are two critical features that corroborate this choice. 
Forging steel also helps with coping with these forces, the closed die manufacturing process aids in achieving tight tolerance specifications with little machining. Heat treatment is the final step in the manufacturing process improving the molecular structure of the metal.  
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