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1. [bookmark: _Toc130155089]Introduction
In this report I will be going over the mechanical, thermal and chemical properties needed to make a feasible piston then going over 3 options of different materials that could be used to create a piston then selecting and justifying why I choose that material for a motorcycle engine relating back to its material properties. I also go over the manufacturing methods involved in creating the piston including different methods, grains etc. 

2. [bookmark: _Toc130155090]Material properties
When looking at material properties 

[bookmark: _Toc130155091]Isotropic and anisotropic
A property that is whether the material is isotropic or anisotropic, Isotropic materials have a consistent property throughout the material irrespective of the direction or orientation of the material. Also material can’t be 100% isotropic as there will always be a defects in the material or the individual grain structure of a material are anisotropic, but they are still classified as isotropic as the properties average out over the material (Iowa State University) or it’s only a small proportion of the material that is anisotropic.
(Hoffman, 2022)

Anisotropic materials have properties that are affected by the direction and orientation of the material and is important to consider where and how the force is being applied to decide on direction and orientation of your material. 
(Hoffman, 2022)

[bookmark: _Toc130155092]Homogenous

A homogenous material is a material that can’t be mechanically separated into different materials by cutting, crushing, grinding etc (Homogeneous material, n.d.). This is important as we don’t want material a piston made of an alloy separating into its induvial components.


[bookmark: _Toc130155093]Mechanical properties

[bookmark: _Toc130155094]Yield strength

Yield strength is the point where a material will return to its original from anything above this point will cause the material to become permanently deformed (Everything you need to know about yield strength, n.d.) . This is extremely important for a piston as it got such tight clearances so any permanent deformation could cause a major engine failure.

[bookmark: _Toc130155095]Impact strength

The Impact strength also known as fatigue strength, of a material is the ability to resist suddenly applied loads (M, 2022). This is extremely important in an internal combustion engine as it must deal with the forces of combustion without fracturing.

The impact strength of the material is also affected by the temperature of the material there for you want to use a material that gains or maintains its impact strength when the temperature rises.(Impact Toughness)

[bookmark: _Toc130155096]Density

The density of the material is also extremely important as the goal is to get a low density material without failing to meet the mechanic properties of other materials (GmbH, 2012) . The reason for wanting a low density piston is it reduces the load on the conrod and also allows the engine to turn faster as it moving less weight.

[bookmark: _Toc130155097]Youngs modulus

Young modulus is a measure of a materials ability to withstand changes when under tension or compression this is important as the piston I will be under both compression at least once on every stroke of the engine due to combustion and the piston traveling throughout its stroke.  (Gregersen)

[bookmark: _Toc130155098]Thermal properties

[bookmark: _Toc130155099]Thermal conductivity

Thermal conductivity is a material property that relates to its ability to conduct heat without the material being in any motion (Thermal conductivity, n.d.). For a piston we need to ensure that we have a material that can handle the temperature during combustion because of this we look for a material with a high thermal conductivity as this will help the distribution of the heat though-out of the material, what will help keep the material at a low temperature but also effect thermal expansion.  (GmbH, 2012) 

[bookmark: _Toc130155100]Thermal expansion 
Thermal expansion is the separation between atoms when they start to vibrate from heat that is added to a material, this causes the material to expand. 
This thermal property is extremely important when choosing a material as you need to take into account the tolerances when the piston gets up to operating temperature and also when starting the engine cold and try to minimise the changes in clearance in states. (https://www.nde-ed.org/Physics/Materials/Physical_Chemical/ThermalExpansion.xhtml) 

[bookmark: _Toc130155101]Chemical properties 

[bookmark: _Toc130155102]Corrosion resistance

Corrosion is the deterioration of a material when it reacts with a certain substance or environment. Corrosion will damage the material and reduce its mechanical properties of a material. (Corrosion, n.d.)
For a piston we need to get an extremely corrosion resistant against petrol, Ethanol and oxygen what are the main substances the piston will be exposed to, we need to make sure we select a material that won’t dissolve over time to the petrol and ethanol and wont rust because of the oxygen.
3. [bookmark: _Toc130155103]Material Selection 

[bookmark: _Toc130155104]Aluminium 4032 (4 series)

Aluminium is often used in racing pistons because of its mechanical properties at higher temperatures. This alloy retains its mechanical strength up to 200 degrees C with a maximum temperature of 300 degrees C what is in the operating temperature window of a piston in a petrol engine.

Aluminium 4032 alloy has a high silicon content ranging from 11% to 13.5% (Chemical Composition of AISI 4032 Al Aluminum Alloys, n.d.) in the material. Silicon will increase the overall strength of the alloy with the expenses of ductility, this addition of  silicon reduces the material expansion rate meaning you can run the engine with tighter cold clearances (Smith, 2017) and improves the alloys durability when subjected to low-load miles. 

Aluminium 4032 can be run at a performance or even a competition level of engine as its slightly lighter than alternative aluminium alloys but because of the reduced ductility it makes the alloy less resistant to cracking or damage when under above normal loads such as detonation. (Smith, 2017) 

This alloy also has nickel what will allow the piston to have a reduced thermal expansion while increasing the strength properties of the material with the down side that the nickel 
Can corrode and cause pitting (4032 aluminium, n.d.)

[bookmark: _Toc130155105]Aluminium 2618 (2 series)
Aluminium 2618 has a lower silicon content than 4032 what offers the material a greater malleability which will benefit it under high load and stress environments making it a good choice of a performance engine. However, the downside to a lower silicon level is it will effect the thermal expansion of the material therefor the linear expansion will be more than 4032 meaning you need more clearances when designing the piston. (4032 aluminium, n.d.)
 

[bookmark: _Toc130155106]Titanium Ti-6AI-4V (Grade 5)

Titanium TI-6AI-4V in comparison to the 2 other aluminium options has a lot stronger mechanical properties but comes at a cost in its density where its almost double the weight in comparison what isn’t good when choosing a material to be used in a high revving motorcycle engine.

From a test study on a low powered engine show that a Ti-6AL-4V piston was able to have a safety factor of 2.06 compared to a 1.23 for aluminium 2618 this mean you could run push the engine more towards performance but nearly every motorcycle comes naturally aspirated so the extra properties will most likely go to waste. (IRJET)
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(IRJET)



	Material properties
	Aluminium 2618
	Aluminium 4032
	Titanium 6AI-4V

	
	
	
	

	Elastic modulus (GPa)
	73.7
	78.6
	113.8

	Ultimate tensile strength (MPa)
	480
	38 (300 degrees c)
	950

	Fatigue strength(MPa)(260 degrees) (towards min)
	124
	83
	160

	Yield strength (MPA)
	420
	24(300 degrees c)
	880

	Thermal conductivity (W/(m-C))
	147
	138
	7.3

	Thermal expansion (1/k)
	25.9*10^-6
	
	8.6*10^-6

	Density (kg/m^3)
	2767.9
	2680
	4430

	
	
	
	


Figure 1. All properties are at read at 30 degrees c unless state otherwise.
(IRJET)
(Jaaskelainen, 2017)
(Aluminum 2618-T61, n.d.)
(parts badger, n.d.)

[bookmark: _Toc130155107]Corrosion from ethanol 

Unlike titanium aluminium and dry ethanol are incompatible as there is a massive amount of corrosion especially at high temperature, for the piston this should be an issue as the engine doesn’t allow the ethanol to be in this “dry” state for high amount of corrosion to occur. This type of corrosion will would only be seen in a engine where fuel with a ethanol content has sat in the engine for a extended period of time and allowed the fuel to stagnate. From a study on an engine what was running E85 fuel for over 10 years it showed a minimum amount of aluminium and ethanol corrosion, and it was in areas where fuel wasn’t combusted and was left to stagnate. 
(pawel & Moore, 2013)

[bookmark: _Toc130155108]Material I would use for a motorcycle engine. 

For a motorcycle engine I would use aluminium 2618 for these reasons.

[bookmark: _Toc130155109]Density

Aluminium 2618 is a lot lighter than titanium as shown by figure 1 this will allow the engine to have less mass to move to complete a combustion cycle meaning the engine will be more responsive. Another reason for using aluminium 2618 pistons is that motorcycle engines rev a lot higher than car engine so a lighter piston will massively improve reliability as it will massively reduce the amount of force and reduces stress on the piston, wrist pin and conrod.

[bookmark: _Toc130155110]Cost

Another advantage of using aluminium 2618 or 4032 over titanium is the costs to produce or buy and piston. Due to aluminium having softer properties than Titanium it will take less energy and time to produce by forging or machining because of these properties, not only does titanium cost more to manufacture into a piston it will also cost more to buy raw material with titanium usually retailing at around.
 
[bookmark: _Toc130155111]Why use 2618 aluminium over 4032

The reason I’m choosing aluminium 2618 over 4032 is because of the materials ductility. Aluminium 4032 has less ductility due to the presents of a high percentage of silicon this mean the material is lighter but will make the alloy less resistant to cracking when under high loads and due to the piston being used in a motorcycle engine where the engines often rev up to 16000 rpm this is something we want to avoid. (https://auto.jepistons.com/blog/2618-vs.-4032-material-differences)


4. [bookmark: _Toc130155112]Manufacturing Processes
For manufacturing a piston make out of aluminium 2618 I would use forging.

one of the reasons for using forging over other manufacturing processes like casting is its post process properties, with forging you are compressing the molecules inside of the aluminium what will cause the piston to become denser surface area compared to cast pistons. This will cause the piston to become heavier but the increases in mechanical properties outweigh the weight as aluminium is already a light in comparison to alternatives like titanium. (Cars direct, 2012)

After the forging your piston you will be left with a grain structure that is broken down and homogenized into finer grains what will improve the overall strength, ductility and toughness of the piston also this method will generate little to no waste material compared to other methods making one of the most efficient method 
 
(Forging methods of aluminium parts, n.d.)

5. [bookmark: _Toc130155113]Conclusion

In conclusion I would use Aluminium 2618 as it supplies the required mechanic, thermal and chemical properties needed to be effect as a piston in a motorcycle engine. The material supplies a good density compared to the alternative materials such as titanium, it also is a lot cheaper to manufacture and purchase the material needed when working with aluminium. The manufacturing process I would use in forging as it increases the material properties and is also a cheap and effect way to manufacture the piston, it also the aluminium to improve its grain structure making it homogenous.
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4.3 Combined Thermo-Mechanical Analysis

‘Table-6: Combined Thermo-Mechanical Analysis Results
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