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1.0	Introduction 

For the second part of the soapbox group project the chassis design from the first part is carried over and will be put through stress analysis testing to find out if it is strong enough to withstand the forces applied to it over the course of the run. This will be done using the built in function in Solidworks. Within this report suitability of the design will also be taken into account along with possible changes to the design. The report will also cover how well the group worked together and how we overcame any stumbling blocks along the way to finishing our design.  


2.0	The Design	
The final design of our chassis ended up being a culmination of our realistic design and our budget oriented design. 
From the budget design we used the basic chassis structure of 4 sections of 2inch box section and a sheet of steel plate making up a rectangular frame on which we could construct the rest of the chassis. We then combined this with the tubular frame from our realistic design to create a hybrid of the two that would be easy to fabricate, relatively low cost and crucially still able to perform on the track. 
On the rear we went with a solid rear axle set up as it is a simple, tried and tested design that the team agreed was the best option having taken budget and performance into account. For the front we chose to model our steering and suspension setup from a kart. The steering column runs down to floor for the chassis and attaches to two tie rods which are in turn attached to the steering knuckles on each side. The wheels are held on the steering knuckles with a large bolt whereas on the rear they are held on with a nut that threads to the axle and then secured with a split pin. 
For the body and aerodynamics the team decided that the best option was to use our idea of covering the chassis in polythene sheet and securing it tightly in place with a strong bonding contact adhesive. As the soapbox will never be moving fast enough for aerodynamics to really have an effect we concluded that it would be enough having the polythene deflecting the air off the chassis and streamlining the soapbox racer. Using this method will also save weight, money and will mean that the bodywork won’t be damaged in an accident. 
Below is a picture of the 3D CAD model of our completed design.
[image: ]
To create a seat we will simply add padding to the floor and roll bar support. The brake disc will be mounted to the rear axle outside the main body of the chassis and will be controlled with a bicycle brake handle mounted to the steering wheel. 




2.1 Design Details
[image: ]Figure 1. Close up of steering knuckle and tie rod assembly. Angle of Inside of the stub axle is threaded to allow a bolt to hold the front wheels in place. 
Front wheels can be adjusted by altering the length of the two threads (circled in red) that connect the knuckle to the main chassis. 
[image: ]Figure 2 Close up of steering assemblyFigure 2 shows the steering assembly. The steering column has a tab welded to the end that the tie rods attach to. As the steering column is turned the tie rods will move from side to side in turn pulling and pushing the steering knuckles causing the wheels to turn. For the course we will not require a great deal of steering angle, therefore the steering won have to move too far.
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Figure 3 & 4 show the rear axle assembly on the chassis 
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3.0	Analysis

We created a base design for assignment 1 for the module however, it was only a rough idea as we had multiple designs ideas and routes. The team has now finalized which designs style was were going to pursue and design further. We chose very similar designs ideas to which we presented in the more budget style of design although it will still look professional and perform very well. We can state this as we have performed tests and calculations using the Solidworks software.
For the chassis, the team has used a tubular framework design, the chassis has gone under many tests on CAD modules to emulate where and how it could fail, we concentrated on the chassis as this will endure the highest forces and will require to be strong. the roll hoops and structure surrounding the driver was no problem and went through the tests well. When we tested where the steering and suspension mounted to the chassis itself had a weak point and would experience load in places where a critical failure could occur. If you look below you can see this within the picture. 
[image: ]








The stress point has been highlighted and you are able to see this by looking at the legend on the right of the drawing. Red areas are the where forces they are at their highest, this area on the design has a small surface area along a join, this could result in a failure along this point. The legend will also calculate for us what the load will be along the selected points, knowing these values are critical as it can know allow us to calculate the factor of safety for our soapbox. 
To calculate the factor of safety, you will need the yield strength of the material chosen and the maximum value of forces/stress passing through the part. Now we can try options to see how to reinforce the arm and try to spread and even the load in addition to calculating of factor of safety for our soapbox racer.
We researched gussets to see how much can improve with strengthening angles from bending or fractures and spreading the load across an area rather than a point. We did this by testing a simple 90-degree piece of solid alloy steel.
The team did tests by making the gussets larger each test, we tried multiple different options to try and reduce the stress point and the values inflicting on those points.
Below is our progress within the testing;
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As you can see, we managed to reduce the stress values and spread the load across the gusset which will in hand decrease the chance of failure. After finding these results, the team was then able to add more braces and gussets into the chassis and parts to increase the rigidity and stability as well as declining the chances of a mechanical failure whilst the driver operates the soapbox.









4.0	Conclusion 
To conclude, we believe that our soapbox racer is very suitable for the course at Richards Castle as we can see having conducted detailed analysis into the course in part 1. We are pleased with the quality of our result as the CAD model is presented with a professional appearance. We are also pleased with how the team worked together as everyone was able to pitch in and help with the final design making us all proud of the finished product. 

5.0	Evaluation 
Upon evaluation the team came up with several ideas of what could be done differently if we were to do the project again. Firstly we would like to improve our CAD skills to allow us to produce a more complex design. Secondly, we would like to have gone further into the finer details of the rule book to try and find any loopholes that could be exploited to our advantage. Finally, we believe that we could have done better on time keeping and record keeping. This may involve having each team member conducting self-evaluations on a regular basis and making sure that more of their ideas are written down for everyone to access outside of the regular team meetings.   
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