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[bookmark: _Toc165121074]Introduction
In this report I will be choosing an engine component, selecting a suitable material to make this part from, and creating a suitable manufacturing process if I were to create this part. I have chosen a Connecting Rod for a 2024 Yamaha R1 to be used in a racing environment.
I need to ensure I have met all factors that will ensure my product will work, such as durability (will it last the length of time I need it too), Material (Will the material hold up to the forces / heat outputted), Price (Is my product made in a way that the price is suitable for the product).
[bookmark: _Toc165121075]Component Design Specification
[bookmark: _Toc165121076]Function
A connecting rod’s purpose is to transfer motion from the piston to the crankshaft and functions as a lever arm (UOW, 2024). 
The Connecting rod is designed to withstand dynamic stresses from combustion and piston movement. The connecting rod has two ends, a small end which connects to the piston, using a piston pin, and a big end, which connects to the crankpin journal in two parts.

[bookmark: _Toc165121077]Sizing / weight 
On the Yamaha R1, the connecting rod has a centre-to-centre length of 110.5mm, a Big end Diameter of 39mm and a small end diameter of 18mm. (Yamaha 2023).
I need to keep my product Lightweight, as this is going to be a product that replaces the original Connecting Rod in the standard Yamaha R1 engine, so keeping the mass and rotational mass on the engine at a low, will result in better performance. I will aim to keep my product 1kg.

[bookmark: _Toc165121078]Durability
The Durability of my product needs to be rather specific. Race bikes are put under a lot of stress, and a very high force will be put on the connecting rods. Therefore, my product needs to be able to withstand a race meeting without causing mechanical failures. Although, due to the high stress in a racing competition engine, these connecting rods will need to be used in an engine that is regularly serviced, and key components replaced every 15,000km, including the Connecting rods compared to 100,000’s of miles. 

[bookmark: _Toc165121079]Price
The price of my component needs to represent the upgrades available from the part. My component will also be engineered and made in a way which will increase the manufacturing costs, which will also outlay on the RRP of the product. Although as this is an upgrade for a race engine, the price is not expected to be low like the standard components, and only set for a small market across the motorcycling users.




[bookmark: _Toc165121080]Material Selection

Deciding Which material to use for my component is crucial to make sure the material properties are correct for my products desired use.
Connecting rods often fail by snapping at either the big end, or the linkage between the connecting rod and the Piston. This is due to the high stress levels and extreme forces put on the connecting rod when it is rotating with the crank.

To help me decide on which material group to use, I will use an Ashby Chart, Which will plot my material groups onto a graph, comparing the different groups with their strength, and toughness.

Figure 1, Ashby Chart Of materials, http://www-materials.eng.cam.ac.uk/mpsite/interactive_charts/spec-spec/NS6Chart.html
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Looking at our Ashby Chart, we can see that Metals and Alloys, and Composites are the toughest and strongest material groups.

Looking further into this, we can see which Metals and Alloys are stronger, Tougher and well suited for the Job.
Figure 2, Ashby Chart Of materials, http://www-materials.eng.cam.ac.uk/mpsite/interactive_charts/spec-spec/NS6Chart.html
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Steel is often used for Connecting Rods as its strong, inexpensive, and built to last for the required product, in this case an engine used at low revs for everyday driving or riding. but I’m looking at a material to improve on this and gain more benefits than a steel Piston.

	Material
	Disadvantages 
	Advantages 

	Steel
	Heavy
	More Affordable
Strong
High lifespan

	Aluminium 
	Low Strength 
Short Life Span
	Lightweight 

	Titanium 
	High Cost
Shorter Lifespan
	Lightweight 
Similar Strength to Steel



Despite being a higher cost, I will use Titanium for my Connecting Rod.
Titanium is a high strength metal such as Steel, but with a much lighter weight, which will help engine performance.
Durability is not as high using titanium compared to Steel, although the added performance Is perfect for a race package, which will be serviced and replaced much more frequently than an average road bike, But as we are designing for strength rather than designing for fatigue, this is a great material for me to use.

Aluminium would have been an okay material, although it would have to be made much more ‘bulkier’ to withstand the forces and stress of the engine, which takes away its low cost and low weight characteristics.
[bookmark: _Toc165121081]4. Manufacturing Process selection

There are two different manufacturing processes that I will look at for making my motorcycle Connecting Rod. I will be looking at Forging, and Casting, what the differences between them are, the advantages and disadvantages of both, and then decide in which manufacturing process I will choose to do.

[bookmark: _Toc165121082]4.1 Forging

Forging is the manufacturing process of hammering, pressing or rolling metal into shape. This is either delivered from a hammer, press or die.  It is essentially the art of heating and working hot metal to design or shape that is fit for a specific purpose or use. By working the material, it increases many of its properties. (SomersForge, 2024)
For a Connecting Rod, this will use a die, in which the metal will be shaped into, called Closed Die Forging.
Forging allows intercut designs to be made, which also is stronger than other methods of manufacturing processors I could use, Forged parts having up to 26% more tensile strength than cast parts (Raines, 2020)

[bookmark: _Toc165121083]4.1 Casting

Casting is a process where molten metal is poured straight into a mould, and allowed to solidify, leaving the metal in its desired shape.
Casting is a great way to achieve your desired shape, although it takes more processing afterwards to clean up your material due to imperfections. (Sinoway, 2024)
An advantage to Casting, is that it is an inexpensive way of manufacturing a product, with minimal material waste.

[bookmark: _Toc165121084]4.1 Manufacturing Process for my part

Since forging is much stronger than casting, I will be using the forging process to create my part.
This will add to the price of manufacturing the part, and therefore add to the retail price for the consumer.
Despite this, the added strength of the part is particularly important to this specific use as the stresses and forces put on a racing engine is much higher than a standard engine used on the road.

[bookmark: _Toc165121085]5 Conclusion
To conclude this assignment, for my engine part, I will be using Titanium, due to its high strength and low weight properties, which I will forge into shape to increase the strength.
My part was built for strength due it being made for a Yamaha R1 engine used in a racing scenario.
[bookmark: _Toc165121086]Due to this these decisions, the price of my part will be increased due to the material and manufacturing costs, although the improvement from the stock cast steel connecting rods will be perfect for a race team looking for an upgrade to their connecting rods.
The high stress and forces put through a connecting rod in an engine which is reaching max RPM’s a lot of the time are very high, and not something that a standard road machine is supposed to withstand.
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