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The following report will cover the material selection for a piston. The report will also include the material properties while showing methods of justification for all decisions made throughout the process this will include the manufacturing process. pistons are subject to high pressure and high temperatures they must be strong while being able to be as light weight as possible with as little friction as possible as the higher the friction coefficient the less efficient it will be. Piston temperatures usually run at roughly 300 degrees for petrol engines and roughly 400 degrees for diesel engines.

[bookmark: _Toc98790050]Material properties
There are three materials I am looking to compare to produce the piston from these are low carbon steel, aluminium and titanium. To compare these three possible options will have to look at and compare the metals.
Low carbon steel
Low carbon steel typically has a carbon content of less than 25% and is typically in the range of 0.05% - 0.3% due to the low carbon content it makes the steel more malleable and ductile compared to other steels. Low carbon steels have a melting point around between 1,426 degrees and 1,538 degrees. Carbon steels cannot be strengthened by using a heat treat but can be strengthened by cold working. Carbon materials usually are soft and week but outstandingly ductile and tough. Listed bellow are some of the other properties of low carbon steel.
· Hardness - 120MPa
· UTS - 400-550 MPa
· Yield strength – 250MPa
· Youngs modulus elasticity – 200GPa












Aluminium
Aluminium has many properties that are useful in the making of pistons. The physical properties of aluminium are as follows. Aluminium has a melting point of 660 degrees Celsius. The hardness of aluminium does vary as when it is pure it is soft but can be strengthened when tempered. Aluminium has a very common alloy referred to as duralumin, which is 95% aluminium alloyed with around 4%wt copper, 2% weight magnesium and 1% manganate, which increases the mechanical properties of the aluminium drastically. Aluminium also offers high ductility and can be beaten very thinly. The malleability of the metal is also very capable allowing it to be shaped and bent it is also a good conductor of heat, electricity and is corrosive resistant due to the oxide layer on the metal. Aluminium has quite a high thermal expansion coefficient of 23.2 compared to steel which will be roughly half the range.
The chemical properties of aluminium firstly consist of the occurrence, aluminium occurs as a compound, principally found in bauxite ore. Aluminium is reactive, it reacts quickly with hot water, hot acids and alkalis like sodium hydroxide. 
Aluminium also has mechanical properties; mechanical properties are the relationship between stress and strain and measure the elasticity in response to an applied load. These figures are shown below,
· UTS – 89.6 MPa
· Yield strength – 34.5MPa
· Elongation at break – 15-28%
· Shear strength – 62.1MPa

Titanium 
Titanium has many useful properties starting with its melting point, it has a melting point of 1660 degrees Celsius. The density of titanium is low at 4.5g/cm3 but this can be altered and strengthened by alloying and the deformation process. titanium also can be passivated, this allows the metal to exhibit immunity by most mineral, acids and chlorides being able to do this allows it to not corrode. The conductivity of titanium is low at 3.15% making the metal a bad conductor. Some of the other properties of titanium can be found in the list below.
· Hardness – 70Nm2
· Shear modulus – 43Gpa
· Modulus of elasticity – 116GPa
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Material selection
Material selection was done by testing and evaluating each of the three metals to find the strengths and help highlight the limitation within the metal. The tests carried out where specific to the properties within the metals. These tests are listed below:
· Charpy impact test
The Charpy impact test is performed to evaluate resistance of materials to breaking by flexural shock.
· Tensile test
Tensile testing is a destructive test that provides information about tensile strength, yield strength and the ductility of the metal.
· Cyclic fatigue testing
Fatigue testing is a form of mechanical testing that is performed by applying a cyclic loading to the structure. The test is used to generate failures such as fatigue and crack growth.
· Creep damage test
The creep test sets out to measure the rate that creep occurs. By increasing the stress or temperature the amount of deformation in the time frame increases.

Low carbon steel
The advantages to using low carbon steel are that firstly the material is inexpensive making it easy to purchase in greater quantities. Carbon steel is also widely available making it easy to obtain. Low carbon steel also has the highest mechanical properties which is ideal. The limitations with low carbon steel are that it will be very heavy and over time corrosion will start to weaken the metal.

Aluminium
The advantages to using aluminium is that firstly it is inexpensive making it easy to buy and obtain in quantity’s if necessary. The metal is also very light weight and can be alloyed and tempered to improve the mechanical properties finally aluminium is corrosion resistant. The problems found with aluminium is that it has a high ductility with a high pressure that could result in the material breaking. Aluminium also has the lowest tensile strength of all three materials and the lowest melting point.

Titanium
The advantage to titanium is that firstly its extremely light weight. Secondly it has very good mechanical properties and is corrosion resistant. It also has the highest melting point of all three chosen materials. The only real disadvantage with titanium is the cost as t is very expensive to source.
After reviewing the metals, the chosen material to move forward with is titanium. Titanium has been chosen as its properties where the best for the role as a piston as it allows it to be light weight, durable as it can sustain high temperatures and withstand the fuel burning without and deformations.
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Pistons can be produced using several techniques this ranges from casting and moulding to 3D printing the manufacturing process chosen is to use casting. Below is a step-by-step overview of what will be needed to do in order to produce the pitons.
· The piston will begin as a long solid titanium rod it will then be cut into smaller pieces at varied lengths these are referred to as slugs.
· The next step is to use a punch press and a dye which will be pre heated. The slugs will also be heat at the same temperature as the press. The slug will then be removed from the heated oven and placed in the press. Pressure is applied to the slug forging it into a basic piston shape.
· After this step the metal will be put back through the oven at a higher temperature to help strengthen and stabilize the material.
· From here a lathe or any cutting machine can be used to remove the excess material taking it closer to its finished shape. Small holes will then be drilled in t create oil passageways. The lathe will also then be used to create rings on the top of the piston this will allow it to have a airtight seal when fitted.
· The next step needed is to drill wrist pin holes on both sides of the piston. This is used to attach the piston to the connecting rod during engine assembly.
· Next a milling machine will be used to remove a small layer of material around where the holes have been drilled this is done to help reduce the overall weight of the piston.
· The final touches needed is to remove a few more milometers of the top of the material this allows it to expand when heat builds up on the inside. A worker will then smooth out the sharp rough edges that have been created throughout the production. The last thing needed is to remove any lubricants that have gathered through the manufacturing process, let dry then is ready for use.
Some of the restraints that might come into the manufacturing process is that as titanium has a high 
melting point there will be more energy used and more man hours needed resulting in an increasing in manufacturing costs.
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Titanium was the most advantages material, it had the best properties out of all the material offering a lightest weight with the overall most durable and strongest material demonstrating high mechanical properties.  Cost of manufacturing was the biggest downside to titanium but with its high strength to weight ratio and its resistance to thermal stress outweighed the other choice materials.
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