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Abstract

This report will look into the best ways of designing a box cart based on the Richards Castle Soap Box Derby rules and regulations. After extensive research we concluded that the best way to design this box cart would be to put it together using a budget, once the budget was defined we could begin to search for materials and determine the relevant costings.
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1. Introduction

Our group met in October 2017 and we decided to complete the task handed to us to the best of our ability. The brief was to follow the instructions about a particular type of box cart, and without repetition of other people's work, we have to create a technical report of industry standard to pass the assignment. 
At our first meeting, we divided up the task into bite size chunks to play to our strengths and interests. At the first meeting, we were all present. Since then, one of our team has not been seen at any other meetings. The rest of us met weekly to make sure we were working solidly towards the finished product. You can see this in the Gantt chart provided (Figure 1). 
1.1 Aims

· To build a box cart following the Soap Box Derby instructions, taking into consideration the course that it has to go around.
· The course is 550m long with a descent of 50m. It should be noted that this is not indicative of the gradient of parts of the course. In places, it is much steeper and participants can expect to reach 30-40mph.
·  Soap boxes will be given the opportunity of at least three runs and will set off singly at intervals, electronically timed.
· Steering must not have excessive free play or any characteristic tending to promote instability. 

 1.2 Materials and costings
We have decided to use mild steel tubing for our ladder chassis because it is widely available, inexpensive, and also a good strength to weight ratio. It is also extremely simple to work with, as the tools are readily available, i.e. welders and drills. We could use aluminium tubing to make our chassis, however it would prove to be too expensive and require specialist equipment and the services of someone with knowledge of that equipment (which would also be expensive). The steel tubing (measuring 3000mm x 42.4mm x 3mm) will cost £27.50 from an online supplier. We would probably buy 3 or 4 to ensure we have plenty of steel for the chassis and roll bars. 
We went for a ladder chassis because it is a tried and tested design used in many vintage cars, such as a Citroen 2cv and an Austin Seven. The chassis design offers plenty of strength should we have a collision, but still enough flex for adequate cornering. It will also offer plenty of security for the driver should the kart roll (with the inclusion of a roll bar).
See Figure 2
We will be using steel tubing for the two roll bars, one above the steering wheel and one just behind the seat (about 35mm above the driver's head).
Due to design changes there have been slight alterations to the chassis shape, but we'll be keeping the ladder structure whilst only adding on a curved nose cone and possibly a boat tail style rear end. We have considered using independent axles and suspension but there is a possibility that such a design would breach our budget, so we plan to use a solid axle in the rear which would run either through or on top of the chassis and have mounted bearings at strategic points to stop bending and prevent injury to the driver. The rear axle would be of the style of a small petrol powered go kart, with a disk brake at the wheels. The suspension would come from the pneumatic nature of the tyres, the pressure within the tyres denotes whether the gravity racer will have a smooth or rough ride quality.
With regard to the wheels we will be using mountain bike wheels because they are typically strong, readily available and are designed for jumps and extreme sports so should be ideally suited to the application of a gravity racer/soap box on slightly rough terrain. The wheels also commonly have disk brakes mounted on them which is convenient for our build as it coincides with our design and if we were to purchase a bike for parts all the relevant pieces would be easily manipulated into our design. One can also buy and use a wide variety of tyres ranging from smooth road tyres to nobly dirt tyres which would aid in our goal of a fast time by increasing grip and control. The reinforcement of the wheels for jumps and downhill racing should also prevent buckling when taking a corner at speed and increase the overall top speed. The mountain bike wheels would cost £59.80 per pair, and we would require 2 pairs.


1.3 Focus on Steering and Brakes
For the soapbox project, the group found that a solid steel back axle from a go kart setup would be best suited to mount the rear wheels. The axle would be fitted with roller bearings (one for each side) allowing the axle to spin freely while mounted to the solid structure of the chassis. A simple half-moon mounting bracket welded to the chassis would act as a seat for each bearing, while a second half-moon clamp would clamp the bearing in place from the top and locate it securely stopping any excessive movement. An additional reason for using this type of axle is that a brake disc is already incorporated into the design. With a simple bracket fabricated and welded to the framework, this means a brake caliper is easily mounted to the disc. Coupled with a simple master cylinder setup connected to the brake pedal and a fluid line linking the master cylinder and the rear caliper, the soapbox would have a hydraulic rear brake. Using a simple pipe splitter, this concept would also be readily available at the front wheels. The mountain bike wheels used already have brake discs attached, therefore by utilizing the original brake calipers meant for the bicycle wheels, hydraulic brakes could also be adapted for each individual front wheel. Two steel flange adapter plates would need to be fabricated and fitted to both sides of the rear axle so that the mountain bike wheels could be easily fitted.
The front wheels would be mounted to the chassis by using a machined piece of metal to act as a hub. A ‘C’ bracket would be ideal to mount the hub to the chassis, similar to how a kingpin is mounted in a bus wheel assembly. The wheel bearing is already a part of the bicycle wheel assembly, so using a spindle bolt, the wheel would be allowed to turn freely while mounted to the hub. The hub would have a female thread machined into it, so that the shouldered spindle bolt could thread into it and mount the wheel to the hub. The rose jointed steering arms would be bolted to the hub by way of an additional bracket that would be a part of the hub.
A conventional go kart steering wheel would be mounted in place onto the chassis. From this a steer shaft would extend towards the front of the vehicle and have a twin holed bracket on the end. This bracket has two holes in order to mount both the off side and near side rose jointed steer arms. These would act as individual track rods and bolt to each individual hub. A return spring would be fitted to each side of the bracket clipped to the chassis. These springs would help return the steering wheel to centre. The group decided to use rose jointed arms as they are easily accessible, inexpensive and extremely easy to mount to and work with. All steering fastenings would be fitted with high tensile steel bolts and steel nylon nuts. We decided to use nylon nuts rather than standard steel nuts as it removes safety risk of the nuts loosening due to vibration. High tensile bolts would be used all around as to reduce the risk of bolt shearing, thus, improving the overall safety of the soap box racer.
See Figure 3


1.4 Health and Safety Aspects 
Drivers must wear an approved crash helmet to BS 6658 (motor cycle helmet) or higher, and appropriate gloves. Clothing must be capable of withstanding a spill on tarmac or concrete and must be done up at all times when in the soap box. No bare limbs will be allowed. N.B Mountain bike helmets are not acceptable.
· The course is 550m long with a descent of 50m, the soapbox will probably reach 30-40 m.p.h.
· Soapbox should have pneumatic tyres (one on each corner)
· Brakes must be in good condition and work on 2 wheels on the same axel
· The seat needs to be securely bolted for safety reasons
· Must be designed to carry one person only facing a feet first direction
· Any steering column, brake lever or other protrusion must be designed and fitted so there is minimum chance of puncture wounds
· Needs a padded steering wheel for added safety incase of collision
· Body work and controls must not get in way for the driver to get out unaided
· Any doors or hatches required for driver access must be readily operated from both in and outside without tools
· Gravity propulsion only
· Nothing loose inside or out
· Seatbelt or harness required for increased safety incase of impact
· Fitted with substantial roll bar
· Welding and general construction must be up to standard
· Roll bar must be at least 35mm above the helmet
· Second roll bar 25mm beyond drivers gloves at 12 o clock
· Roll bar prevent driver from being trapped under the weight of the soapbox
· A UN Certified helmet is required and would provide extra protection against impact or abrasions
· Parking brake should be placed on the rear axel

1.5 Analysis



A gravity racer or a soapbox is a racing sport that is powered by gravity which means the racing cars have no engine. The soapbox is raced on a downhill road where the soapbox gets simply pushed down the hill until they reach the finish line. A soapbox can reach speeds of 30-40 miles per hour, depending on how aerodynamic and how heavy the soapbox is. 
 Since the soapbox is unpowered by an engine, relying completely upon gravity to move it from A to B is aerodynamics very important it gives more traction on the vehicle but mainly because it reduces drag and air pushing the car back which decreases the speed and that’s not what you want in a race. (see first picture) 
Picture A represents an aerodynamic soapbox  
Picture B represents a non-aerodynamic soapbox 
[image: ]


The first soapbox we talked about is an ordinary design based on the old-fashioned soapboxes. The soapbox has a wooden frame and the body is covered by plywood and the soapbox is square shaped and has all its weight in the centre of the car. This soapbox is not safe enough because the braking system is very poor and a lack of protection in the cockpit which makes it unreliable and doesn’t fit with in the regulations.
The second soapbox design has a wooden frame is formed by layered plywood ribs and birch laths that are nailed together and then covered nylon followed by a skin of pineapple leather (Piñatex). The frame is made out of maple wood also the soapbox has got an aerodynamic shape however this soapbox also hasn’t got a safe cockpit or roll bar or seatbelts.
 Our third soapbox is inspired by other sports such as track cycling, formula 1 racing and NASCAR.
All the wheels have plastic hubs and like the track cycles and the frame is made from light metal tube and the aerodynamics are like a NASCAR and the body is made out of fibre-glass and the cockpit has a roll bar and the brakes are mountain bike brakes.
 Why we have chosen this design
 We have chosen this design because the design was a success. It is safer and faster than the other soapboxes also this soapbox has more traction. 
 



1.6 Conclusion
The document shows a methodological approach to research and design for an engineering project at foundation level. The group concluded that we would all rather be designing something that would have a greater impact on the future of engineering rather than having to write a technical report on something that has been done lots of times. We concluded that we would rather not cut and paste a past technical report and that we would work as a group to pull a document together which hopefully will get some merit.
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Figure 1 - Gantt chart
Figure 2 - Chassis
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Figure 3 – Steering and Brakes
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