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[bookmark: _Toc164628740]Introduction 

For a vehicle like the 2022 Toyota supra 2.0 the suspension strut is crucial, as it plays a vital role in providing comfort, control and stability during vehicle operation. This technical report outlines the design specification, material selection process and manufacturing processes for the suspension. The report is split in to three section:
1. Design specification – which details the purpose, material requirements and operating environment.

2. Material selection – this goes through three different materials and the pros and cons of each one and which material is best for the vehicle.


3. Manufacturing options – this details three types of manufacturing process and what they specialise in and what the work best for.














1. [bookmark: _Toc164628741]Design specification 

1.1 [bookmark: _Toc164628742]Purpose 
The purpose of the suspension strut is to be responsible for providing control, comfort and stability during vehicle operation.

1.2 [bookmark: _Toc164628743]Operating environment
The suspension strut should be able to operate well for both urban and highway driving. It will also need to be able to withstand a high range of temperatures ranging from - 20°C to 40°C and also withstand dynamic loads experienced during situations such as acceleration, braking and cornering.

1.3 [bookmark: _Toc164628744]Material requirements 
The material used is required to have a strength to weight ratio to ensure structural t integrity and to minimise vehicle weight. It also needs to be corrosion resistant against road salt and moisture, as well as being fatigue resistant to endure the repeated loading cycles. The material needs to be cost effective and have a cost effective manufacturing process.

1.4 [bookmark: _Toc164628745]Cost 
To ensure overall production costs are kept low, the material and manufacturing process needs to be cost effective. In theory the total material cost for the suspension struts should be between £100 to £150 per unit.

1.5 [bookmark: _Toc164628746]Maintenance
The aim of the strut manufacturing is to create minimal maintenance needed to ensure long-term durability and durability thus reducing the need for frequent repair and inspection. 

1.6 [bookmark: _Toc164628747]Design life
In theory, hoping that everything works the way its intended to the struts life span should be around 10 years or 150,000 miles.
2. [bookmark: _Toc164628748]material selection

2.1 [bookmark: _Toc164628749]material options 
The following heading are of materials that could be used to create the strut and the pros and cons of using them.

2.1.1 [bookmark: _Toc164628750]Steel 
	PROS
	CONS

	Strong and durable – suitable for handling the stresses and loads experienced.
	Stiffness – is a less flexible material and can affect ride comfort and handling.

	Cost effective – steel is a generally more cost effective material compared to others, thus making it a more economically friendly choice.
	Weight – heavier than other materials, which can lead to an increase in fuel consumption and decrease in overall vehicle performance

	Ease of manufacturing – steel is an easy material to manufacture and work with.
	Design limitations – the properties of steel may limit the design possibilities.

	Recyclability – steel is a highly recyclable material making it environmentally friendly.
	Corrosion – steel is prone to corrosion and if not properly treated can rust and have a shorter life span.

	Availability – steel is easily sourced and is readily available making it a convenient material.
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Figure I - aluminium vs steel property table ( (Awang, 2013))


2.1.2 [bookmark: _Toc164628751]aluminium alloy

	PROS
	CONS

	Lightweight – it is significantly lighter thus resulting in improved fuel efficiency and vehicle performance.
	Cost – compared to a material like steel, aluminium is generally more expensive than a material like steel thus increasing manufacturing costs.

	Design flexibility – this can be easily formed into complex shapes, thus allowing for more intricate and lightweight designs. 
	Compatibility with steel components – using aluminium struts creates the possibility of not being compatible with the vehicle suspensions existing steel components, requiring additional considerations.

	Improved handling – the reduced unsprung weight of the aluminium struts can improve handling and ride quality, especially when it comes to responsiveness and agility.
	Fatigue strength – aluminium alloys have lower fatigue strength which may lead to a lower lifespan from repeated cycles.

	Strength – to – weight ratio – it has a high s-t-w ratio providing excellent stiffness and strength whilst keeping the weight to a minimum.
	Manufacturing complexity – whilst it offers greater design flexibility it can be more costly to manufacture and more challenging.

	Corrosion resistance – aluminium alloys have better corrosion resistance compared to a material like steel thus increasing the life span of the strut especially when it comes to harsh weather conditions.
	Limited availability – they aren’t as easy to access as a material like steel which can lead to longer wait times for the product and longer production times.


[image: Material properties of composite materials | Download Table]





Figure II -- composite materials property table( (Creative Commons Attribution 3.0 Unported, 2017))




2.1.3 [bookmark: _Toc164628752]composite materials
	PROS
	CONS

	Weight reduction – when it comes to composite materials such as carbon fibre or fibreglass, they are significantly lighter than materials like steel and aluminium alloys.
	Material consistency -- 

	Vibration damping – these materials offer better vibration damping properties compared to metals.
	Environmental impact --

	High strength-to-weight ratio – composite materials offer exceptional s-t-w ratio which provides excellent strength and stiffness whilst also keeping weight to a minimum.
	Manufacturing complexity --

	Design flexibility – unlike some traditional materials, composite materials can be moulded into complex  shapes.
	Damage detection -- 

	Corrosion resistance – they are inherently resistant to corrosion, which means they have a longer life span .
	Cost -- 




2.2 [bookmark: _Toc164628753]material justification
The choice for what is the right material to use depends on what the vehicle is going to be used for, if the supra 2.0 is just going to be used as a road car then I think the best material option would be steel as it is strong and durable for everyday road use and with the ease of manufacture and availability of the material, it makes it easy to get replacements if they are needed. However if the supra was going to be used as more of a race car then I think the composite materials would be the best option as it is lightweight which is a positive to make the car go faster and it is super resistant to corrosion which is great if the vehicle is going to be used in multiple different climates and environments.

3. [bookmark: _Toc164628754]Manufacturing process 
3.1 [bookmark: _Toc164628755]manufacturing options
when it comes to the manufacturing process there are multiple different options that suit different types of materials and purpose of the vehicle.
3.1.1 [bookmark: _Toc164628756]Forging 

Forging is a good method of production and is a more preferred method as it creates struts with high strength as it aligns the grain structure of the metal , which results in improved mechanical properties. It also improves fatigue resistance and is cost-effective for mass production. The forging process enhances structural integrity and allows for precise shaping of the strut and results in parts with tighter tolerances and excellent dimensional accuracy. 	

3.1.2 [bookmark: _Toc164628757]Casting 
This is another commonly used method, especially using metal. It has many advantages of using this production method such as the fact that it allows for complex components of the struts to me achieved, including those that have intricate internal geometries, and creates the opportunity for both design and material flexibility as it can be used with a wide range of materials and enables the integration of features such as brackets, attachment points and mounting points.

3.1.3 [bookmark: _Toc164628758]Composite layup
This method is only really common when using materials such as carbon fibre or fibreglass, but does offer many advantages like weight reduction as the composite materials are significantly lighter and allows for the integration of multiple components in a single part, which helps to simplify assembly and it also has many environmental benefits such as reduced emissions and fuel consumption.

3.2 [bookmark: _Toc164628759]manufacturing process justification 
Like choosing the correct material the right process also depends on what the vehicles main purpose is and what material is being used. Personally for a road-use vehicle I would choose to cast the strut as it allows for more complex and intricate designs and components to be created thus ensuring all the parts can be built. However if the vehicle is going to be used as a race vehicle and the struts are going to be made out of composite materials I would choose to use the process of composite layup as that is a process specifically for those materials and can help simplify assembly if it has got to be assembled quickly.

[bookmark: _Toc164628760]Conclusion
In conclusion I thinks the material and design process depends on the purpose of the vehicle and could be created well with multiple option mentioned above and it could come down to a matter of personal opinion.
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Properties Symbols Kevlar/Epox; Glass/Epoxy Units
Young's modulus X direction E 95.71e9 5el0 Pa
Young's modulus Y direction E 10.45e10 1.2e10 Pa
Young's modulus Z direction E 10.45e10 1.2e10 Pa
Major Poisson’s Ratio XY \% 0.34 0.3 -
Major Poisson’s Ratio YZ \4 0.37 0.3 -
Major Poisson’s Ratio ZX \% 0.34 0.3 -
Shear modulus XY G 25.08¢9 5.6e9 Pa
Shear modulus YZ G 25.08¢9 5.6e9 Pa
Shear modulus ZX G 25.08¢9 5.6e9 Pa
Density o 1402 2100 Kg/m’




