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[bookmark: _Toc164598714][image: ]Introduction
In the technical report below I will be investigating the most suitable material and manufacturing process for the double wishbone suspension system used in the Porshe 911 Mid-Engine RSR. The Porsche 911 RSR is a strong contender in GT Racing, competing in both the WEC and IMSA Championships. The double wishbone set up contributes to its precise handling and cornering capabilities to tackle various circuits around the world. 
I will be exploring the environment in which it will be used, material requirements, design specification, cost, maintenance and manufacturing processes for the Double Wishbone Suspension System.  [bookmark: _Toc164598761][bookmark: _Toc164598786]Figure 1 Double Wishbone Diagram (Elevate, 2022)

[bookmark: _Toc164598787]Figure 1 Double Wishbone Diagram (Elevate, 2022)

[bookmark: _Toc164598715]Component Design Specification
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Description automatically generated with medium confidence]Firstly, the main mechanical properties need to be understood so the correct material can be sourced. Strength, stiffness and durability needs to be assessed so the component is at its mechanical advantage before application. The components should be structurally analysed in a CAD software such as SolidWorks where different mechanical conditions can be applied to test the stress/strain in different areas, this will indicate where the component is most vulnerable to mechanical failure. The results obtained through this analysis can be used to improve the design and to find the optimum selection of materials based on material strength, cost and weight. Figure 2 (Shendge, 2021)

[bookmark: _Toc164598788]Figure 2 (Sankar et Al , 2018)Figure 2 (Shendge, 2021)

The materials used need to have mechanical properties such as, high heat resistance, corrosion resistance, extremely high hardness, thermal conductivity, low thermal expansion and low specific density. Below shows the most common materials used for Double Wishbone Suspension Systems, I have also included an Aluminium Alloy for reference when comparing between the different materials. It can be noted that, all common materials have a density between 7.8 and 7.9, this is so the suspension system can withstand and absorb shock from the road while allowing the wheel to move freely and maintain stability. (Ultimate Styling, 2023). Furthermore, it can be assessed that although the material may cost more this does not correlate with its yield and tensile strength which is vital for the Double Wishbone; the only benefit for the more expensive material is the hardness in relation to the rest of its properties. The component design specification (material properties) needs to have a low thermal expansion due to the exposure to heat from the braking system and other moving parts, this is because if certain areas of the wishbone expand under heat this can lead to the loosening of bearings or bolts securing [image: A screenshot of a computer

Description automatically generated]the rest of the suspension system. [bookmark: _Toc164598762][bookmark: _Toc164598789]Figure 2 (Sankar et Al , 2018)

In addition to this, the easier the use of the wishbone the better. In the likelihood that the wishbones need to be replaced during competition the easier this is the better; this would make the set up more popular if it was a simple design which didn’t need various mounting points which took a long time to deconstruct and replace. This is what companies may look for when searching for the best parts for their competition vehicles. 
The Wishbones specifically for the Porsche 911 RSR may not be as mass produced overall but in general the double wishbone suspension system is widely used across motorsport so if the production process is simple and easily accessible engineers are more likely to utilise a simpler process. 
When designing a component which will be widely used it is vital to consider the environmental impact it may have and how to reduce the long-term effects. Some of the previously mentioned materials have a carbon content which is a non-renewable material and as a result has a long-term effect on the environment if mass produced. To be more environmentally friendly it would be better to use a lower carbon content material, but this would reduce the hardness, which is needed as previously mentioned, so a balance needs to be made to satisfy both circumstances.   




[bookmark: _Toc164598716]Material Selection
When a material is selected for design different properties must be considered, such as:
· What does the component need to do?
· What temperatures will the material experience?
· What loads will the material need to withstand?
· Will the material wear?
· Does the material need corrosion resistant properties?
· How will this material effect the manufacturing process?
[image: A diagram of a neck and neck

Description automatically generated]This selection of questions helps narrow down the material which can be used, thus providing a material better suited to the component. After this stage the next consideration is the materials properties, this will indicate how the material will perform when under a stress/strain. Youngs modulus provides a value indicating whether the material will perform well under these conditions. (figure 3). This test also indicates if the material is ductile, hard and its tensile strength. Figure 3
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To further assist the selection of a material, the Ashby chart can be used to make an accurate selection of a material quickly compared to other data graphs like a bar chart. The Ashby chart provides the materials young’s modulus in relation to its density as shown in figure 4; the chart comes in 2 levels where the complexity increases the higher the level. Level 1 allows for a generic material selection useful for early decision making while level 2 (figure 5) provides a more detailed chart showing specific materials for a more advanced stage in material selection. Figure 4
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Description automatically generated]The graph can then be narrowed down in the areas where the young’s modulus and density meet our requirements, in this case the upper right of the graph in the metals and composites area. Here the average young’s modulus used for common wishbones can be taken into consideration as well as the common density. Here we can compare a selection of relevant materials accurate to our requirements. Figure 5
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Figure 6 (MATWEB, 2023)


Figure 6 shows the materials which I have selected are possibilities for the double wishbone suspension system.
 Stating with aluminium, this is usually a popular choice due to its lightweight nature and its strength to weight ratio. The two aluminium alloys shown provide a good balance between strength, stiffness and weight. Although comparing these alloys to its competitors its density and hardness are substantially lower. 
Carbon steel 1018 and 1020 stand out amongst the others due to having a suitable property across the table, although being unable to find a melting point the material is generally resistant to the heat it will experience in the wheel arch. Its hardness helps in relation to absorbing vibrations and machinability allows it to be shaped appropriately. 
Titanium is also known for its high strength to weight ratio as well as an excellent corrosion resistance. Although substantially more expensive than the aluminium and steel alloys, titanium wishbones will provide a significant weight saving without reducing the strength. On the downside titanium has a low density which can make the material vulnerable to cracks from vibration. 
Steel alloys 1019 and 1021 are high in strength and cost effective. The durability in this material is prioritized over the weight reduction, being the heaviest on the table steel is best for a budget wishbone or potential replacement until a lighter material is affordable. Other than weight steel would be a very good option for a wishbone where weight isn’t and issue, having a carbon content, high density + hardness would make steel ideal for this component. 
[bookmark: _Toc164598717]Manufacturing Process Selection

When manufacturing a component from a material key property need to be considered. Being the materials machinability, weld ability, cast ability and bond ability. A material which fits this criteria well will speed up the machining process and makes it popular for production purposes. 
The purpose for the double wishbone A-arms is to guide the wheel under compression while supporting other suspension components on the car. The application of the component needs to be considered when machining so stiffness/strength and fatigue can be considered. 
Four common ways of material processes are injection moulding, machining, welding and painting. Injection moulding allows for a primary shape to be made, machining provides the secondary shaping where injection moulding isn’t as accurate, welding allows for the joining of materials when they’ve been separately machined, and painting provides a surface treatment which can protect the material from surface corrosion. 
After analysing the materials previously, I will be selecting Carbon Steel 1020 due to its mechanical properties and machinability which also link to the component design specification as discussed earlier. The upright used on the Porsche needs to be measured to assess the correct angle for the wishbones, using SolidWorks or another CAD software an assembly should be constructed before machining to ensure all parts are measured to the correct size and all angles correspond to the upright etc. 



[bookmark: _Toc164598718]Conclusion 

Overall, selecting the optimal material, carbon steel 1020 for the double wishbone suspension system on the Porsche 911 RSR will utilise the weight reduction from any other material used as well as use the material to its full potential in relation to its hardness, strength and young’s modulus. The data composed above compares this material so we can evaluate that carbon steel stands out amongst all its properties. For a GT race car, it is a necessity that the handling and control of the vehicle at high speeds is made a top priority by using the best material. The material selection is where the performance benefits lie and is the pivot of where improvements can be made across the car. 
Considering the design specification, such as the need for lightweight components to enhance agility and handling while maintaining structural rigidity it is evident that materials like carbon steel and titanium alloys have good potential as a result of they exceptional strength to weight ratios so performance is not compromised when reducing weight. Ultimately, I believe the selection of my material with the supporting data will play a pivotal role in achieving superior performance, durability and efficiency in competition. 
















References
Elevate. (2022, 12 21). Double Wishbone Investigation. Retrieved from Double Wishbone Investigation: https://freerkset.live/product_details/1762010.html
MATWEB. (2023, 09 24). Material Property DATA. Retrieved from Material Property DATA: https://matweb.com/search/DataSheet.aspx?MatGUID=f81a82e97a8646f189edb44da3c6a780
MATWEB. (2023, 05 14). MAterial Property DATA. Retrieved from MAterial Property DATA: https://matweb.com/search/datasheet.aspx?MatGUID=9e620304850d4994b50d1aee6423e729
Sankar et Al . (2018, 04 10). Vehicle Structure and Systems. Retrieved from Vehicle Structure and Systems: file:///C:/Users/2305884/Downloads/DesignandAnalysisofWishboneforDoubleWishboneSuspensionSystem.pdf
Shendge, S. (2021, 08 08). Design and FEA Analysis of a Double Wishbone Suspension System. Retrieved from Design and FEA Analysis of a Double Wishbone Suspension System: https://www.irjet.net/archives/V8/i8/IRJET-V8I8417.pdf
Ultimate Styling. (2023, 03 18). What is a wishbone on a car and why are they important. Retrieved from What is a wishbone on a car and why are they important: https://ultimatestyling.co.uk/car-parts-uk/what-is-a-wishbone-on-a-car-and-why-are-they-important





2

image1.png
Prifysgol Cymru

Y Drindod Dewi Sant
University of Wales
Trinity Saint David





image2.png




image3.PNG




image4.PNG
Material Carbon Steel (AIS1 1018 Carbon Steel (ASIS1040) | LowAlloy Steel (ASIS4130) |  Carbon Steel (ASIS 1020}

Cost Per Metre GBP 3.98 5.21 8.91 26.97 204
Yeild Strength (Mpa) 317 415 450 204.4 400
Tensile Strength (Mpa) 40 620 560 204.74 600
Carbon Content % 0.18 04 03 0.23 N/A
Hardness (BHN) 126 201 217 211 %

Density (g/cc) 7.9 7.85 78 7.9 27
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image8.PNG
o Density | Hardness [TensileStrength (U)| Machineability |Melting Point | Shear Strength [Carbon Content
(g/ec) (BHN) (MPa) % (c) (MPa) %
Aluminium 6061 27 65 201 50 582-651 165 0
Aluminium 7075 281 60 28 45 477-635 152 0
Carbon Steel 1018 7.87 163 565 65 1 78 0.14-0.20
Carbon Steel 1020 7.67 121 420 65 1 72 0.17-0.23
Titanium 1100 45 70 220 60 1650 - 1670 43 0
Titanium 425 4.48 32-36 965 55 1600 - 1650 48 0
Steel 1019 7.87 131 455 70 1300 - 1540 80 0.14-0.20
Steel 1021 7.858 262 931 70 1250 - 1380 80 0.14-0.23





