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Introduction


In this report we will be discussing the material properties required in a piston that will allow it to function sustainably even in extreme environments. We will then go on to the material selection process with respect to the previously researched properties. Finally, with the most suitable material for the piston chosen we will review the manufacturing processes required in producing the piston. 



2.0 Material Properties
	2.1 Properties Required

Modern pistons can be manufactured with many different property requirements in mind that are all essential in the piston performing in the environment it is designed for, and while some may have specific high performance property requirements, there are a few general properties required in all functioning pistons. Aqeel Ahmed (September 2016) suggests that the piston must have considerable strength and heat resistance if it is to tolerate high gas and inertia forces. He then goes on to suggest reducing the mass to a minimum to reduce inertia forces inside the engine, which leads to a shorter lifespan for the engine due to wear. Finally, pistons require rigid construction to reduce various types of distortion.













3.0 Material Selection 
3.1 Evaluation of Selected Materials 
		3.1.1 Gray Cast Iron
The original material used in piston manufacturing was gray cast iron which is the most common type, and according to Professor Thomas G. Stoebe (06/07/03), usually consists of 93.5% - 93.8% Iron (Fe), 3.2% - 3.5% Carbon (C), 2.2% Silicon (Si) and 0.8% Manganese (Mn). However, it should be noted that Silicon may not have been a part of the original formular until the technology was devised. The Professor went on to say that gray cast iron has a high resistance to wear, which we can assume is due to the silicon content and density of the iron content. Finally, the combined properties of the Silicon and carbon allow for great vibration dampening, which is a major cause of wear in all engines. The strongest grade of gray cast iron is grade 24 as claimed by David Miller (2006), who goes on to list the properties of this grade. In the environment of a piston, having a high Compressive strength of 1230 MN/m2 and Hardness of 240 BHN makes this metal suitable in the manufacturing of pistons.
		






3.1.2 Aluminium Alloy
The most widely used material in the manufacturing of pistons today is Aluminium Alloy 4032 which is an alloy of 4 different elements in the following composition as stated by Fadli, N.C. and Soegijono, B (2019): 77.51% Aluminium (Al), 21% Silicon (Si), 0.82% Nickel (Ni) and 0.67% Copper (C). The reason for Aluminium 4032 being so widely used lies in the advantages gained from the properties of the alloy’s ingredients. The major advantage of using Aluminium over iron as the predominant material is the weight reduction, which dramatically reduces the forces of inertia. Fadli and Soegijono go on to mention other properties that give Aluminium 4032 an advantage, such as its ‘very small expansion coefficient’, which allows the piston to be manufactured to a higher tolerance within the cylinder due to the reduction in expansion under high temperatures. In addition to this, the Silicon content increases fluidity along with heat resistance in the piston, along with the Nickel content which can reduce the coefficient of thermal expansion in the alloy. For Aluminium 4032, Efunda (2022) claim the thermal expansion value to be 19.4 x 10-6/oC  in the range of 20 oC - 100 oC.
3.1.3  Nodular Cast Iron
Finally, the 3rd potential material to be used to manufacture pistons is Nodular cast iron. Dorota Wilk-Kolodziejczyk (2016), in their paper that included the properties of nodular cast iron, listed the composition as follows: 89.2 - 90.78% Iron (Fe), 3.57% - 3.83% Carbon (C), 2.36% - 2.87% Silicon (Si), 0.05% - 0.09% Manganese (Mn), 0.00% - 0.34% Chromium (Cr), 1.91% - 2.05% Molybdenum (Mo), and 1.33% - 1.62% Nickel (Ni). As in Gray cast iron, the Iron content would be largely responsible for adding strength to the piston, but with Nodular cast iron the presence of Molybdenum and Chromium adds to the overall strength of the alloy, as researched in the Encyclopaedia Britannica (2021). Chromium also has the affect of increasing corrosion resistance; however, this is not so useful inside an engine. A key difference between Gray cast iron and Nodular cast iron is the shape in which graphite forms during the solidification of the molten iron. Ramesh Singh (pg. 61-76, 2020) suggests in his book that the additives such as Molybdenum present in Nodular cast iron but not Gray; ‘facilitate the graphite to take nodular shape’. This spherical shape significantly improves overall strength and the combination of higher Silicon content, and the graphite would provide greater vibration absorption than the Gray cast iron therefore extending the life of the engine. One negative however, from data sourced in Smithells Metals Reference Book (Table 26.64, 2004), is the that Nodular graphite iron (30 mm bar of grade 500/7) proves to be softer than regular flake graphite iron (30 mm bar of grade 260) as the hardness of latter was measured at 185 – 226 HB, while Nodular was at a lower 172. This particular property would make Nodular cast iron less useful in an engine as it would wear easier. 


3.2 Final Material selection

Considering the added strength provided by Nodular cast iron, and the superior hardness of Gray cast iron, Aluminium Alloy 4032 still proves the more suitable material in piston production for a number of reasons. The major factor that gives it the edge is the decreased mass, since the result of this is reduced moment of inertia in the piston, significantly extending the life of the engine. Secondly, as mentioned before the alloy’s ability to regulate heat and reduced coefficient of thermal expansion are major benefits in the high temperature, high tolerance environment the piston works in.

4.0 Manufacturing Processes
4.1 Forging 
The very first stage in manufacturing the piston will  be forging the Aluminium Alloy 4032 rod of standard form into the basic shape desired. The rod will first be heated in the oven to its forging temperature, claimed  by AZO Materials (2012) to be in the range of 371oC – 510oC. This is a temperature can be easily reached without the need for specialist higher temperature forges. Once at temperature the rod will be forged into shape using a press to apply around 2000 tons of pressure; a value claimed by Thomas Mcnish (2022) in his explanation of Piston Manufacturing Processes. After the forging process has been completed, Mcnish suggests two heat treatments in the oven: ‘The first time is at a higher temperature, to strengthen the metal. The second time is at a lower temperature to stabilize it’.

4.2 Lathe Work

After completing the forging process, we are left with a hardened, roughly shaped slug of Aluminium 4032. Once it has cooled from the heat treatment process it is ready for the lathe, where excess material can be removed, and the piston can be cut down to the correct diameter. The turning speed as suggested by MachiningDoctor (2022), should be within the range of 380 – 620 m/min, and cutting fluid should not be necessary. Before the piston can be taken to the milling machine, as stated by Thomas Mcnish (2022), the grooves for piston rings must be cut, which will allow the piston to glide easier and for an airtight seal.


4.3 Milling Machine
The last major process before finalisation should be completed on the milling machine, where we drill holes and remove material from angles not easily accessible on a lathe. The first process to be performed on the mill, and perhaps the most sensitive geometrically, is drilling the wrist pin hole all the way through the piston. The wrist pin, as explained by Mcnish (2022); ‘…is used to attach the piston to the connecting rod during engine assembly’. Following this, a large amount of material is to be removed to reduce weight and resultant inertia. Material can be removed from any areas where there is not an excessive load applied, such as between the outer piston walls, while being careful to leave enough thickness to withstand the force applied by the wrist pin. Weight can also be removed on each side of the wrist pin hole by shaving a flat face to align correctly with the pin end faces.


4.4 Finalisation
4.4.1 Tolerances and Finishings
In all engines, the importance of machining moving parts to the correct tolerances is paramount, since any slight deviance can have a dramatic affect on the rate of wear of that part. Due to this, it is important that geometrically sensitive parts are checked in the final stages of manufacture to ensure it is safe for use in an engine. It should be noted that these checks should be undergone after finishing processes such as smoothing of edges by a worker, and wrist pin holes by a machine.


5.0 Conclusion 

To conclude this report, we have evaluated 3 different materials for use in manufacturing pistons: Gray Cast Iron, Nodular Cast Iron and Aluminium 4032. After analysing the material properties of each, comparing them to researched required properties in a piston, we decided on Aluminium 4032 primarily for its reduced mass. We then discussed the manufacturing processes involved, with focus on the three major processes: Forging, Lathe work and Milling. The importance of accurate tolerances emphasised throughout. 
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