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[bookmark: _Toc71636224]Introduction 
This report revolves around the finalization of the design required for the gravity car that the team has designed to participate in the Richard Castle soap box derby.  This will show the design process through C.A.D. (computer aided design) using the platform Solidworks.  There will also be equations relating to the reasoning as to why this design and components have be chosen.  


[bookmark: _Toc71636225]Methodology 
The final design process was done on C.A.D, using solidworks, this gave the team a platform where they could alter components easily and view the design from multiple angles in a quick and efficient manner. 
[image: ]
[bookmark: _Toc71726965]Figure 1 Base frame
Figure 1 is the base frame that the team designed, based upon the x-frame style that the previous report stated the team would use.  
[image: ]
[bookmark: _Toc71726966]Figure 2Wheel to be use on all four corners.
The team decided on using 20” spoked BMX wheels to save weight and to be cost efficient, the wheels are shown in figure 2.  This wheel type is useful due to the weight saved from cast wheel types and will still be strong enough to withstand the stress from the course. There are no jumps or severe wear on the course, making this wheel choice the most efficient.  
[image: ]
[bookmark: _Toc71726967]Figure 3 Rack and Pinion installed.
Figure 3 is the rack and pinion set-up that the team decided upon.  Figure 3 shows it installed on the car.  
[image: ]
[bookmark: _Toc71726968]Figure 4 assembly of the car.
Figure 4 shows the assembly of the car that the team have designed.
[image: ]
[bookmark: _Toc71726969]Figure 5 Front view of the assembly.
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[bookmark: _Toc71726970]Figure 6 Side view of the assembly
[image: Diagram
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[bookmark: _Toc71726971]Figure 7 Showing the dimensions of the front roll bar, all units are in mm. 
As can be seen from figures 7 and 8 the car adheres to the technical requirements of having a rear roll bar, to cover the rider, along with a forward roll bar that covers the rider’s hands when their hands are on the steering wheel.  
[image: ]
[bookmark: _Toc71726972]Figure 8 Showing rear roll bar hight and ground clearance, all units are in mm.

The car along with rider has been calculated to be no more than 200kg, as such the team did all calculations with is in mind.  
[image: ]
[bookmark: _Toc71726973]Figure 9 free body diagram
Figure 9 shows a free body diagram that can be used to work out the force in newtons that the car will have when on the starting block.  Using this information, it is possible to work out how much force needs to be applied to the brakes to keep it stationary on the starting block using the equation.
	 
Using the equation	  	 to get a number for  as there is an 8:1 gradient on the starting block. 
					
			
With this the team were able to work out that the breaking force of the brakes would have to equal or be able to exert greater force than 243.53Newtons.  This is a relatively small force for the brakes to deal with and most disk brakes are designed to exert forces many times larger than this due to their design and may exert over 3000N in force (BSc Clemens Oertela, 2010).  

The height of the course is 50m in total.  From this the team were able to calculate the potential energy of the car and rider down the track.  

Where		 		

This shows that the gravitational potential energy value is 98100Joules when the car is at the top of the course.  Using this information, we can also calculate the velocity of the gravity car at the end of the course.    This means that the kinetic energy value should equal the same as the potential energy value, and the velocity can be found.  

							 		
These equations show that the gravity car would be traveling at 31.32m/s at the endo of the course.  The equation’s show are accurate in a friction free environment and in a vacuum.  There will be friction present from the track surface and rotating surfaces, such as bearings and wheels along with the resistance from the air.  This means that the gravity car would in fact be traveling at a lower speed than calculated.  

[bookmark: _Toc71636226]Development 
The design that the team have made theoretically works, but with out physical construction and testing it can not be validated easily.  There are some areas that could have been developed had there been more time.  These areas would be, the possibility of developing a defensive guard for the steering system, as the end of the steering protrudes past the safety of the frame. This leaves it open to damage in the event of a crash. This would then potentially need a full repair and replace in the event of damage. 
The implement of a further bracket for the steering system closer to the steering axle to prevent ‘skipping’ teeth at speed or over obstructions on the course.  With the current design the lack of extra support means that if the gravity car were to be raced down a polished track with no debris, it would operate as intended.  The track that the gravity car would be raced at is an outdoor track with light wear on the racing surface.  This means there may be debris that could cause the front end and steering to ‘jump’ slightly, enough to affect the steering.  
With further testing the rear wheel anchor points could be placed lower on the frame.  This would then raise the rear of the car.   Increase the weight on the front and could help with increasing forward motion and front-end steering and ‘feel’.  The front anchor points could also possibly be raised through the use of brackets to lower the front to increase this further, while still being mindful of the required ground clearance.  
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