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[bookmark: _Toc164592562]Introduction

This assignment will cover the component design specification for an engine or suspension component along with a material selection which covers the pros and cons of the chosen materials. Following the material selection, there will be a manufacturing process selection which will go through the best methods of creating the chosen design. Following the manufacturing process selection, there will be a conclusion to summarise everything which will be followed up by a reference list.


[bookmark: _Toc164592563]Component Design Specification

The selected component for this assignment will be an upper A-arm suspension component, as seen on the Sports 2000 Championship cars.

[bookmark: _Toc164592564]Purpose and Functionality

The purpose of the upper a-arm is to allow the wheels to be able to turn at the point, which is top of the letter ‘A’ as well as allowing the wheels to move up and down around two joints at the two bottom legs of the ‘A’. The bar across the ‘A’ can be for structural support but often, the spring and damper will go through this part connected to a fixed piece of material to provide the resistance to the wheels movement so that it doesn’t break. The functionality of the upper a-arm allows the wheels to rotate around the tip of the ‘A’ and if made out of the correct material, can support the weight of the vehicle with the help of the spring and dampers.

[bookmark: _Toc164592565]Materials

The go-to material may be aluminium due to its lightweight characteristics and relatively good strength; however, you could use steel alloys or even composite materials like carbon fibre. The problem with using carbon fibre is that it is rather expensive to create something that needs to be strong as you will need to make it with many plies of the material to get rid of the flexing that comes with carbon fibre. Another possible material to use could be reinforced polymers.


[bookmark: _Toc164592566]Geometry and dimensions

It is important that the upper a-arm is not to big that the wheels are sticking out of the body work creating drag and important that they are not too short where the wheels would be too far in as that would alter the cars stability while turning. The component must also be as light as possible whilst maintaining a high level of strength to withstand bumps and elevation changes and shocks from curbs on the edge of the track.

[bookmark: _Toc164592567]Load/Stress analysis.

Once a CAD model has been drawn up and finished, it is important to run simulations on it to get an idea on how it will perform when it is being used in a real application. This gives a good idea on whether alterations are needed to improve the overall performance of the vehicle. Simulations should be run where the car is stationary to see how the mass of the vehicle affects the component as well as when in motion to see how the component withstands the variables and irregularities on the surface.

[bookmark: _Toc164592568]Safety

These should help notice if there are any safety risks like if the upper a-arm shatters when going over a racetrack rumble strip at 150km/h. That could lead to a catastrophic crash if the driver is unable to counter the accident in time and puts the driver at risk which should be avoided at all costs. If the component needs to weigh an extra 1kg to prevent it from shattering, it is worth the time loss in order to keep the driver safe.


[bookmark: _Toc164592569]Mounting points

There will be two mounting points on the end of the legs of the ‘A’ with bearings in to allow the movement with minimal friction and they will face each other, horizontally, to allow the arm to rotate up and down to allow the spring to compress when needed. There will be another mounting point at the top of the ‘A’ in a vertical position to allow the wheel hub to rotate, also with a bearing to reduce friction and reduce energy loss as much as possible.

[bookmark: _Toc164592570]Manufacturability

If aluminium or any other metallic material, you could create two long pieces and weld them at the top with the vertical mounting to create the two legs of the ‘A’ and then weld on the two horizontal mountings to the end of each leg before welding in the support beam of the ‘A’ if needed. Machines can be used to cut the pieces into shape like a milling machine to cut the legs into shape before an electric sanding machine to smooth off the edges and following all safety precautions of the machines alongside the correct PPE. 

[bookmark: _Toc164592571]Testing

Once the first prototype piece has been manufactured from successful simulations, you can take it to a closed track and see how it handles the real world applications of curbs and rumble strips on the track, it is important to start off at a slow pace to keep the driver safe instead of pushing straight away and potentially crashing due to driver error because that could damage the component and you may not know where its structural limit is and a new one may need to be manufactured as well as any other components damaged in the crash which adds to the total cost.


[bookmark: _Toc164592572]Documentation

Everything done to create the component should be recorded and saved both as a digital form and a physical form. This is so if the physical form is lost, there is still a digital copy to go off if a new component is needed. It is important to create back up versions too in case the initial digital copy is accidentally deleted or corrupted or even if the storage device is damaged and unusable. The CAD drawings should include all the necessary ISO standards on the geometric dimensions and tolerances which will ensure greater safety from the start.

With all of these, the upper a-arm should meet performance and safety criteria needed to meet the ISO regulations as well as any race series regulations that allow the suspension design that uses a-arms.


[bookmark: _Toc164592573]Material Selection

[bookmark: _Toc164592574]Steel

Steel is very durable and fire-resistant which in the application in the assignment is useful if the vehicle is in a flame-engulfed crash. It also has a high tensile strength allowing it to withstand lots of pressure. Steel is relatively affordable when compared to other materials of similar characteristics. It can be used in a very large amount of different applications however because steel contains iron, it is prone to rusting when exposed to moisture or oxygen based substance. Steel is also rather heavy compared to materials like aluminium which would reduce the vehicles power to weight ratio. Due to the iron being prone to rusting, teel components will require frequent, in depth checks which would mean more time working on the car than perhaps should be needed in the garage.
(Thakur, n.d.)

[bookmark: _Toc164592575]Aluminium

Aluminium is very light, approximately one third the mass of steel making it great for improving the power-weight ratio of the vehicle. It also creates an oxide layer when exposed to air which prevents any corrosion making it suitable for when the suspension is exposed. Aluminium is non-toxic which makes it ideal for handling as you will not get any infections from the metal itself however, while being a third of the mass, it isn’t as strong as steel which makes it a potentially poor choice if a crash is expected. Aluminium also corrodes at devastating rate when it encounters other metals. If the aluminium gets scratched or damaged, the oxide layer could fail and shatter the aluminium component.
(Anon., n.d.)


[bookmark: _Toc164592576]Titanium

Titanium is like a mixture of aluminium and steel in the fact that it is light weight and strong. Approximately sixty percent higher density than aluminium but also approximately two-hundred percent stronger. Like aluminium, an oxide barrier forms around the element prevent corrosion from occurring within it making it a worthy competitor to be the chosen material for the upper a-arm. With all the positives, comes the negatives such as high cost. The Kroll extraction process is the most efficient but it very energy intensive which drives the price of the material up. Due to its high strength, it is very difficult to machine into the dimensions you may need it to be in. it is also very difficult to recycle, so if it is involved in a crash, it would probably be most cost effective to sell it to a scrap yard.
(Bonheur, 2023)

[bookmark: _Toc164592577]Carbon Fibre

Carbon fibre is approximately five times stronger than steel and two times stiffer than steel making it a better choice than steel. Carbon fibre has a tensile strength of 3GPa at a minimum and can range up to 7GPa and its Youngs modulus ranges from 200GPa to 500GPa however it is extremely expensive as the manufacturing process includes creating a mould to shape the component, followed by using a vacuum sealed bag to ensure the carbon fibre fits perfectly on the mould before putting the vacuum sealed mould into a large-scale oven at 130 degrees Celsius for 10 hours which would increase the energy costs by a significant amount.


[bookmark: _Toc164592578]Material conclusion

Overall, I think that carbon fibre would be the best choice for an upper a-arm due to its high strength if the budget is high enough as it is an expensive process. If the budget is not high enough for carbon fibre, the next best thing in my opinion would be aluminium as it is relatively strong and lightweight, not as good as titanium, but it is much more affordable and it is still rather strong.
(Rajyaguru, 2019)


[bookmark: _Toc164592579]Manufacturing Process Selection

The manufacturing process I would choose would be with a milling machine to cut the arms into dimension and then using a pillar drill to create the holes in the mounts before welding the mounts into position. Once the frame is done, paint could be applied to make it fit with the vehicles design. Then add bearings into the mountings to reduce the friction from the movement. It is important to add the bearings after the paint has been applied and dried as the paint could cause the bearing to no longer work as intended with increased friction and maybe even stop it from moving completely.


[bookmark: _Toc164592580]Conclusion

In this assignment, three key points have been discussed and a GD&T Drawing has been drawn up. The first point that was discussed was a design specification which covered all the main priority steps of creating an upper a-arm for a race car suspension. The second point was material selection in which multiple materials were listed with their advantages and disadvantages followed by a final decision/recommendation on the preferred material to use when manufacturing the upper a-arm. The third and final point was a manufacturing process selection which covered the machinery and tools that will be used to create and manufacture the upper a-arm including the PPE needed to safely operate the machinery.
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