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Wheels
[bookmark: _GoBack]When looking for suitable wheels for the car we needed a set of 4 wheels that were affordable enough and also robust enough to be used. We decided that using bicycle wheels would be a good choice as they are widely available and can be bought cheaply. The mounting of the wheels to the car would also be relatively easy as we could use the standard bicycle hub mounting to our advantage. Among the wide range of bicycle wheels available we decided the best type for our purpose would be BMX wheels. BMX equipment is exceptionally touch as compared to average bicycle parts, and BMX wheels are no exception. They have a high spoke count and also a larger axle suited to the way we mounted them on the car.  They are able to use a reasonable tyre width of about 50mm, which run at low pressure provided some suspension.
Steering System
When deciding on the steering system there were many areas we looked at, however the simplest system was the basic mechanical pivot. The pivot system is not a very sophisticated system but wanted to use the simplest method possible to steer the vehicle to keep cost down and make the construction as easy as possible. Although the pivot system is unable to perform severe turns in a short distance the course is mostly straight with only minor turns it 
Wheel bearings
The wheel bearings are the standard bicycle hub bearings which came on the BMX wheels. The ideal kin of bearings for this application, especially given the wheels are only supported on one side would be opposed angular contact bearings such as the type used on most cars. This type of bearing is well suited to supporting a combination of radial and axial loads that is placed on car axles. 
Using an ideal bearing system like this was not an option however, because the BMX wheels we are using come with their own hubs and bearings that are integral to the wheels and cannot be modified. These are a pair of deep groove radial ball bearings pressed into the hub, and although not the ideal bearing design they will still work well and last long enough as evidenced by many other similar vehicles using the same type of wheels. 

Body 
We decided to use sheet aluminium for the bulk of the body construction, with steel and aluminium tubing to make a frame. This combination can create a very rigid body that is still light enough to be practical as small a gravity powered vehicle. Wood, fibreglass and carbon fibre were considered, but these materials were either too expensive, difficult to work with and in the case of ply wood were not as strong and lightweight as metal construction for the same rigidity and strength. We think the materials we chose strike a good balance between cost, ease of construction and performance.
CAD development
In the early stages of the design we used hand sketches as it was the most efficient way of communicating our rough design ideas to arrive at a general design we were happy with. Once we had an idea of how we wanted to build the car, we turned to SolidWorks to get a better picture and see our hand sketched designs in scale. CAD helped us refine the design a little bit more than we could on paper. Our CAD experience was limited however and we couldn’t create a model that was exactly representative of the actual car we would build, with many of the finer details missing from the model. But we feel CAD has still been a benefit to the project and it did help us picture the car a little bit better by seeing everything in scale.






Rear view of the 3D model created in SolidWorks. 20’’ BMX wheels shown with solid aerodynamic covers on the spokes to mimic disc wheels used on time trial bikes.


Front view of 3D model.

Rear view showing wing, seat and steering wheel.


Calculations
As part of the calculations for the project car, we calculated the stress in the wheel axles to verify that they were stressed to within safe levels for their size and the likely loads they would see.
The wheels used are standard BMX bicycle wheels but the hubs are held on one side only, similar to the Cannondale ‘’Lefty’’ mountain bike fork, or wheelchair wheels. This configuration puts higher stresses on the axle since it’s only held on one side and being bent like a cantilevered beam, as opposed to how wheel hubs are supported in a bicycle fork/frame (the stress being mainly shear in that case). To begin to calculate the bending stress in the axle, we had to calculate the bending moment in the axle.
The maximum moment occurs at the junction where the axle is clamped by the support structure. The moment at this point is a product of the load on the wheel and the midpoint length of the wheel hub effective width (known as over locknut distance).
This is as follows:
Over locknut distance of the hub = 100 mm
  
50 mm = 0.05 m
      

*Driver and vehicle weight taken as 140 kg.
*Multiplier of 2 used to replicate the load increase induced by road roughness/bumps.

 

                               *BMX axle diameter = 14 mm or 0.014 m

*M = Bending moment 
D = Axle diameter 
    

A likely material for the axle would be a heat treated steel alloy grade such as AISI 4140. This steel has a minimum yield strength of 414 Mpa. This means that with the calculated bending moment of 127.5 Mpa the 14 mm diameter hub axle will be stressed to about 30% of its yield stress. This goes to show that the axle is operating at a safe stress level and will not catastrophically fail under load. Even in the unlikely event that the axle is taken to yield, it will only bend and not break, since it will take considerably more stress than the yield stress to break the axle. This confirms that the wheels and their attachment are unlikely to be a source of failure on the vehicle. 

Teams' self-assessment
There were areas of the project that we could improve on such as amount research, the design of the car itself, and face to face team meeting to discuss different designs, materials and construction processes. However we still happy with what we’ve managed to achieve despite our limitations in engineering skills and experience.

Although we didn’t have a chance to build the vehicle and test it, we think that the basic design itself using a rigid box section body and two axles with suitably sized wheels and steering would perform well as a gravity racer. It is difficult to judge the performance without actual downhill tests against competitors but based on similar designs we have observed in this class of vehicle we think that the car has potential from an aerodynamics standpoint, since we tried to minimise the frontal area and keep the shape as efficient as possible.

Communication
The overall communication within the team was good despite the difficulties we had caused the covid-19 pandemic making face to face meeting impossible. We did manage to communicate adequately using alternative means such as Team’s meetings and email.
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