University of Wales Trinity Saint David
School of Engineering
[image: A close up of black text

Description automatically generated]










Material Selection Report & GD&T Drawings
Engineering Designs and Materials (ACHA4001)



Rhys Thomas
(2303931)
20/03/2024


Contents
Introduction	2
2.Component Design Specification	3
3.Material Selection	4
4.Manufacturing Process Selection	6
Conclusion	7
Bibliography	7



[bookmark: _Toc164626719]Introduction
In this report I will discuss the materials and manufacturing processes that are used for an engine or suspension component. I will go in-depth on the material cost, properties and any other aspects that are involved when designing and choosing the right material and design.


[bookmark: _Toc164626720]2.Component Design Specification
The component that I am choosing is the engine block from the Toyota Yaris GR with the 1.6 3-cylinder engine (G16E-GTS). The Gr Yaris has a very interesting engine, when released the engine was the highest powered 3-cylidner engine ever produced as well as the lightest, which was then beaten by the Toyota corolla GR. The block on the GR Yaris is an open deck design this means that the cylinders are almost sperate to the block itself which a large amount of space between them allowing for more fluid to make more contact around the block helping to cool the pistons. This improves the heat dissipation which therefore creates a more even thermal load. (kitchen, 2016)
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(Eugenio, 2020)
The environment of this component is usually to an extreme it is out of an everyday vehicle and will operate under normal conditions, the operating temperatures of the block itself is around 80 degrees to 95 degrees Celsius. 
There are two main choices when deciding what material to use for creating your engine block, these are iron and aluminium. Iron is the cheaper option of the two which when mass producing an engine can bring the cost down not just for the manufacturers but also for the customers. Aluminium is a weaker material than iron however is a lot lighter, conducts heat better allowing for a more efficient engine. The cost difference between the two is 40% cheaper to use iron over aluminium.
 Engine blocks don’t require a large amount of maintenance, they only need to be well looked after which can be done by having the car regularly serviced, this ensures that the oil being used between the pistons and cylinder wall is clean and won’t cause any damage the block.

[bookmark: _Toc164626721]3.Material Selection
As mentioned above the two main materials used when producing engine blocks are iron and aluminium. Each material has its own advantages and disadvantages, however due to new technologies there is starting to be one main option. Firstly, I will discuss iron, iron engine blocks are made from melting down grey iron, this is a type of iron that contains a graphitic microstructure that can help with a lot of possible issues when producing a vehicle from vibration to the strength itself,  iron is strong enough to deal with lots of power which is why it is not only used in cheaper produced vehicles but a lot of high power engines for the strength that it possesses. 
Aluminium is weaker than iron but is a lot lighter and has different ways of staying strong when used as a block, one of the first things is that they are usually sleeved with another material to help protect the aluminium from the piston causing less wear to the cylinder wall, but also depending on the material make the strength of the block higher. 
Below is a properties table I have created based on iron and aluminium from a source: (MatWeb, 2024)
Figure 2 - Grey Iron vs Aluminium Table
	Properties
	Grey Iron
	Aluminium

	Tensile Strength, Yield
	9,500-210,000 psi
	>=14,000 psi

	Shear Strength
	21,600-215,000 psi
	23,900 psi

	Melting Point
	1120-1430°C
	516 - 604 °C


As you can see from the table above the strength of the grey iron is a lot higher than the aluminium in every way from yield strength, shear strength and the melting point of the metals, although melting points wouldn’t be applicable to the use of the engine as it wouldn’t reach temperatures that high, the lower the melting point the more vulnerable the metal could become under normal operating temperatures.
There are a few options that can be explored to strengthen the aluminium block, firstly is coating the engine cylinder bores, a good example of this is the use of nickel and silicone carbide made by APTEC Motorsport (APTEC Motorsport, 2019). The coating provides a longer lasting life to the cylinder and a higher performance due to the slickness of coating over the standard aluminium block. The other option available is to sleeve the cylinder, this is where a hollow cylinder piece of metal is slid into the main block, it must have a tight tolerance to the block to ensure it fits tight and won’t come loose, it can also be matted to the block by being fused. The advantage of the sleeve is that it can be made from lots of different materials that are a lot stronger than the aluminium block therefore adding strength to the cylinder wall. There is no stopping the sleeves of being coated also, this would give the best overall result as not only are the cylinder walls stronger but also a lot smoother for the pistons.
Overall, it is a hard choice between the two materials, with the vehicle also being turbocharged the pressures in the cylinder could possibly be too high for an aluminium block causing a break in the block and a catastrophic failure. However, there is a solution to this problem. This is by sleeving the cylinder, The Yaris uses a cast iron sleeve which has a rough outer surface which gives a strong connection, the sleeve is fused to the block to ensure it won’t come loose. This gives the best of both worlds between having the lightness of the aluminium and also the strength of the iron block. Instead of the cylinder walls being coated the cylinders themselves are coated in a polymer coating this gives the advantage of both treatments and the final reason that Toyota opted for the aluminium block is that the engine uses oil squirters, these were originally thought to be bad for an engine because it would cause a loss in oil pressure therefore causing damage to the engine but the G16E has 9 of them and are active at only higher RPM’s to help with the lubricity of the cylinder and keeping them cool for the aluminium in the block.
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(Eugenio, 2020)
[bookmark: _Toc164626722]4.Manufacturing Process Selection
There are so many different ways that a component can be manufactured, two of them are machining and casting. The way a block is manufactured can have a huge impact on the performance of the engine itself and the longevity. For example, if there are imperfections on the block it could lead to oil leakage or a gap between the block and the head of the engine causing the engine to eventually stop working. That is why when deciding on how to manufacture a component every aspect is reviewed and tested.
Machining a block consists of cutting down a large block of metal to the shape and size that you want, machining from a grey iron block can be expensive due to the hardness of the material and will use lots of machining tools from them breaking down however machining aluminium due to the softness of the alloy it would go through less machine tools. There are a few issues that are faced when machining the aluminium block that Toyota have used. First of all, when the tool is cutting away at the alloy swarf and chips stick to it and will drag them across the engine causing cuts and gouges where a tight tolerance will be needed. A similar issue is the heat expansion of the aluminium when being heated up from the friction of the cutting tool this will cause an inconsistency with the tolerances. The final issue with machining is the tight gaps that a tool would struggle to get to even with a 7-axis machine purely due to the depth and tightness of oil galleries and water jackets. (Carley, 2017)
Casting is a different process altogether; this is where solid metals are melted down until they are molten and are poured into a mould of the component that they will eventually cool down and mould into. There are two moulds used the positive mould that is the final product but made from a wood and the negative mould made using sand and the wood mould. The sand mould is set using clay and water. The sand mould has to be done in halves so that the wooden mould can be removed, once removed each side of the sand mould can be put together and the molten metal can be poured in. Then after the metal has become solid vibration is applied to the casting allowing the sand to fall off and leaving the final product. Although the mould is destroyed each time the original wooden mould is still usable to create the sand mould over and over again. This process allows fine tolerances and small holes like the water jackets and oil galleries not to be missed and be as small as they need to be. Casting is how the Toyota engine was produced due to the repeatability and the lack of imperfections made when using the cast mouldings. (New Engineering Practice, 2024)

[bookmark: _Toc164626723]Conclusion
Overall, there a many different materials, designs, costs, processes, and properties to consider when creating a component in a vehicle especially with a vital component like an engine block. I believe that Toyota made a good choice in the way that they chose to manufacture, design and select their material for the G16E engine using all of the extra options available like the cylinder lining and coating as well as the way that they manufactured it from casting the aluminium instead of machining. 
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