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[image: ]The B1 is designed to suit the Richard’s Castle Soapbox Derby, abiding by 2020 vehicle entry regulations which focus on front/rear roll bars, brakes, steering systems, and vehicle dimensions. It was felt that the final design (fig. 1) from the team’s initial hand-in would be best suited to the event due to the simple design layout with strength and stability during the three timed runs of the “550m long […] decent of 50m” (RCSBD Rules and Regulations, 2020) course whilst also taking the abuse of the expected speeds of 30 to 40mph. Figure 1; Final design, B1


[image: ]
The supplied Rules and Regulations of 2020 suggested researching “the footage on our website and on YouTube” (RCSBD Rules and Regulations, 2020) if attending the event for the first time. This provided the group with an insight into the kind of track-layout and surfaces our design would be exposed to, but also an idea of the competition (fig. 2) we would be facing upon entry.
Figure 2; Researched footage on YouTube.
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[bookmark: _Toc102565252][bookmark: _Toc103343476]2:1, Regulation Planning; R. Burnside - 2110614
The regulations specify a recommended ground clearance of 50mm to “be sufficient to clear the top and bottom of the starting ramp” (RCSBD Rules and Regulations, 2020) with maximum  set at . Dimensions were decided (fig. 3) with full stability advantage in mind, without hinderance from final size. With a  ground clearance established an  track-width was agreed to be a stable chassis with a  (estimated) driver weight spread as evenly along the ladder rails as possible. Figure 3; Researched/agreed dimensions, B1


After considering the “substantial roll bar […] 35mm above the driver’s helmet” (RCSBD Rules and Regulations, 2020) alongside front/rear crash bars for added driver-protection, the body (shell) length was calculated to be a required  (fig. 1) with an overall height of  (fully built, track surface to top of roll-bar/fin).
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Direct stress (i.e. tensile or compressive) force is measured in Pascals  using the formula  
Where  the applied force   is divided by , the cross-sectional area 
of the material . 
For reference: 


Using the formula, it was determined using figure 4 that the Driver’s mg at Figure 4, Frame calculations, B1
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whilst the Soapbox’s mg at 




[image: ]indicating an even distribution of tensile stress across the frame by placing the additional mg close to the rear axle, alongside the added brake/steering system weight on the front half of the frame. This creates balanced driveability with useable horizontal chassis flex during cornering, benefitting stability by twisting the axles in a ‘4-wheel-steer’ fashion, allowing increased in-corner speed whilst decreasing how much traction the soapbox requires throughout.

Figure 5 shows legal dimensions within the given regulations, allowing individual component size calculations in relation to minimal required strength thresholds with margins of ‘over-building’ to ensure safe operation without compromising on weight or size in operation.

The combined  of soapbox and driver is  equating to an even spread of  per wheel. Figure 5; Frame dimensions, B1


With this force over a  ( axle area, the forces across each extended axle are:
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[bookmark: _Toc103343479]3:1, Full-Frame CAD Design/Development; S. Reed - 2000492
[image: ]In order to compensate for the flex encountered on the chassis between the axles under cornering forces, supports were added across the driver’s seating area. This section of the frame will suffer the most stress during use and could be considered the weakest point. The cross-section tubing helps keep the ladder rails of the chassis from flexing, as well as along its cross-sections. This was a development from the initial design, as these weren’t designed initially. The measurements given to start with didn’t work and would have ended up giving a very oddly shaped. With this when developing the CAD, it was easier to see where these were wrong and to consider what it really should be.
[image: A picture containing indoor, building, metal

Description automatically generated]
The crash bars were added to take most of the weight if there was an incident, this would protect the driver to some extent. Looking at the CAD when it was finished was a massive help when it came to the final design measurements, as it shows length width etc. It was also useful when creating the wings as it showed how wide these needed to be in the final design. Figure 7; Cross-members, B1
Figure 6; Full chassis design, B1




[image: ]3:2, Axle/Brake-System Design; O. Spears - 2004454
Using SolidWorks, the group was able to look in detail at the developed steering system and axle position (fig. 8). With U-Bolts and a plated base the axle is fixed on top of the frame’s ladder-rails in order to promote flex through the frame as-opposed to stress on the axles themselves. This also allows better placement of the steering system and push/pull connecting arms creating a simpler design and tighter housing capabilities within the axle-winglet covers.Figure 8; Axle/Steering layout, B1


[image: ]Running a fixed-axle design also allows for a simple braking system. The B1, being a gravity-racer, has no propulsion systems and wheels are fixed extended from the axle ends by a wheel-bearing/through-bolt design. The front wheels feature a common (fig. 9) mountain bike hydraulic brake system on the inner-face, joined by a hose T-junction before going back to the pedal. The solid-state axle allows the hose to be coiled before being housed by the axle winglets and in-turn creating no high-pressure airflow.
Figure 9; MTB brake system.
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[bookmark: _Toc103343481][image: ]4:1, Final Design; R. Burnside – 2110614, S. Reed – 2000492
The final CAD design (fig. 10) enabled the team to judge their initial calculations of body and frame whilst seeing if the original aerodynamic and streamlined concept would turn out the same with calculated measurements.Figure 10; Final design concept.


[bookmark: _Toc103343482][image: ]4:2, Further Research/Development; R. Burnside - 2110614
Research was continued into further development of the systems already in place. The addition of a steering-wheel-mounted brake light was included in the finished CAD designs with intentions of allowing the driver the benefit of seeing any unintentional trailing of the brake. 
With simple fitment, an additional hydraulic line runs up the steering column (fig. 11) and into the back of a pressure switch. Pressure on the brake pedal engages the switch and lights up an LED alerting the driver they are pressing the brake.

Another development idea was extending the centre of gravity from the centre of mass. Moving the C.O.G towards the front of the soapbox means at high speed, a loss of stability would be corrected by the extended C.O.G naturally pulling the soapbox back in a straight line. An example of this could be a dart, where no matter how thrown, the forward-extended C.O.G pulls the point of the dart straight in the direction of flight.Figure 11; Additional brake-line.
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The design pursued has proven to be the most suitable concept for the application, whilst factoring cost and building capabilities within the given regulations also.
With research on endured forces and safety alongside, it is unanimously felt that being built specifically around driver safety, the soapbox is as developed as can be within a suitable budget.
Despite this, further research with testing facilities and material experimentation already discussed, the group consider the design to be a good base in which to develop a competitive vehicle against the studied competition.
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