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[bookmark: _Toc134814147]Abstract 
This report has been written to show the challenges and of making soapbox cart, from the initial prototype design to final CAD design and the changes to the cart along the way.


[bookmark: _Toc134814148]Introduction
A soapbox cart is a lightweight cart with no powertrain and usually pushed down a slope of hill with a time trail course with different obstacles to overcome to reach the finish line.
This report will go into how a soapbox cart can be designed and created with use of different tools and software. 

[bookmark: _Toc134814149]Aims 
The aim of the report is to inform the reader of how a soapbox can be produced, using limited resources and what problems may occur when creating the vehicle.


[bookmark: _Toc134814150]Research
Section 1 of this report will go through the step-by-step process of each section of the cart’s design.

[bookmark: _Toc134814151]Prototype designs
The pictures below are the initial designs of some of the carts the team came up with but were not selected due being too complex to make or too expensive to produce.
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[bookmark: _Toc134814152]Materials
The first step in the prototype phase is to choose what type of material would be used for the frame of the cart as well as the body of the vehicle the final goal being a lightweight and cost-effective material, originally carbon fibre was chosen as the body material, but this was seen as too expensive and over engineered for the job at hand, the final materials chosen for the cart were aluminium for the frame and wood for the body. 
[bookmark: _Toc134814153]Wheels Layout
The second prototype phase of the design was to decide the wheel layout of the cart, rather than go with a traditional 4-wheel layout which would increase the complexity and cost of the soapbox it was decided to go with 3-wheel design to decrease cost, weight and to simplify the engineering of the cart.
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(Picture of wheel layout of the cart 1A)
[bookmark: _Toc134814154]Steering System
The third part of the cart’s design was to create a steering system, for this the Ackermann steering system was chosen as it features a simple mechanical action is easy to engineer and is very cost effective.
[image: Diagram

Description automatically generated]
(Picture of Ackermann Steering 1B)
[bookmark: _Toc134814155]Braking System 
The fourth part of the design phase is to find a braking system for this a simple single disc piston brake was used as they are incredibly easy to get hold of and can be repaired and replaced very easily. It was decided the cart would only have brakes on the rear as having two-disc brakes on the front wheels of the cart would have drastic effects on the carts handling when the brakes are applied. 
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(Picture of Braking System 1C)

[bookmark: _Toc134814156]Body Shape 
The fifth section of the creating a soapbox cart is making the shape of the body the initial shape of the body was drawn out by pencil first to get an overall idea how it would look. Because the cart is of 3-wheeled design the rear of the cart can be slimmed down to make it much more streamline than if it were to have 4 wheels.  
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(Picture of Pencil Design 1D)
[bookmark: _Toc134814157]3D Render
The final section of the design was to get 3D render of the body this was done with assistance from a computer aided design software call Solid works. As seen below it was decided that a roll cage should be added to increase safety aspect of the cart.
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(Final CAD Design Front 1D)
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(Final CAD Design Rear 1E)

[bookmark: _Toc134814158]Forces
The second section of this report will show how much force the cart will need to endure while going through the downhill track with different weights of multiple drivers. As seen in the forces diagram below the maximum force that the cart it needs to sustain is 754.95 newtons while going downhill at an angle of 38 degrees.
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[bookmark: _Toc134814159]Discussion
With main goal of the project being to make a cost effective, lightweight and simple soapbox, it seems the first stage of the design that the team came up with and final product that was made came out relatively the same with it achieving the goals of being a cheap, lightweight and simple soapbox to produce.   

[bookmark: _Toc134814160]Conclusion
In conclusion the soapbox that has been created from this project is well designed in meeting the goals set but it does not come without its flaws, if the cart was to be redesigned the first part of the cart that would be changed is the 3 wheeled setup changing it to the traditional 4 wheeled design as it was found that having 3 wheels does decrease the cost, weight and simplicity of the cart it also decreases the traction of the cart as well as increasing the braking distance.
If budget was not a limiting factor, then more exotic materials would be used in the process of the cart’s design to decrease the cart’s weight even more than previous design and well as having more engineering complexity to increases the aerodynamics of the body so that the cart would have less drag, better air flow in turn increasing speeds and having faster acceleration when going to the track.
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M: 76kg + 30Kg (Driver’s weight + Cart’s weight)
g: 981 (Gravity)
Mg sinQ= 106kg x 9.81 Sin38

Downhill Force= 640.20N
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M' g: 981 (Gravity)
Mg sinQ= 115kg x 9.81 Sin38

Downhill Force= 694.56N
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M' g: 981 (Gravity)
Mg sinQ= 125kg x 9.81 Sin38

Downhill Force= 754.95N
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