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[bookmark: _Toc229171288]Introduction 
In this project as a group a soapbox car for the Richard’s Castle Event needs to be designed following a handful of constraints. This is a race down a 550-metre hill with a 50m elevation change, aiming for the fastest time with a list of regulation to adhere to. The budget for the soapbox car is £500 and breaching the rules is not allowed and would result in disqualification. When designing the car, it is essential to keep the car safe without compromising speed and handling when racing. Furthermore, it is also important to consider leaving headroom within the budget to allow for breakages, repairs or upgrades when designing the soapbox. The soapbox will go through different design options to then theoretically build a car that is safe yet fast and as a group to experiment with many different design possibilities.   

[bookmark: _Toc229171289]Design Brief & Requirements 
 When designing the soapbox as a group adhering to the strict regulations is essential to make sure there is no disqualifications or deductions from the soapboxes final score. When researching the components it is essential to ensure that the soapbox abides by dimensional constraints as well as additions to the soapbox which would make it safer for the driver and the spectators watching such as insurance, protective clothing and helmet. As well as this the soapbox will also follow dimensional requirements such as a maximum length of 2500mm and a maximum width of 1500mm which will heavily impact the design of the car with these limitations. It is also extremely important to consider the price that each item will cost and using platforms such as Facebook marketplace will be a useful tool to find second hand quality materials to build the soapbox.

[bookmark: _Toc229171290]Concept Design & Development 
First, it’s important to go with a theme, the soapbox name will be ‘The Cheddar Chariot’ and will feature a yellow car with holes and the driver dressed up in a mouse costume. Initial sketches explored various chassis layouts and steering systems. A simple rectangular steel frame was selected for its strength, ease of manufacture, and cost-effectiveness. The design was refined to meet size regulations while maintaining a low centre of gravity for stability.
[image: ]Component placement was carefully considered to ensure balanced weight distribution, resulting in a practical and efficient final concept. Figure 1
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Figure 2
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Figure 4

[bookmark: _Toc229171291]Materials & Manufacturing 
The go-kart is made using a combination of steel, wood, and ready-made parts to create a strong and practical design. The main frame (chassis) is built from 25 × 25 mm square steel tubing. This is carefully measured, cut, and welded together to form a solid frame that can safely support the driver and all the components. Once welded, the frame is smoothed down and spray painted to prevent rust and give it a cleaner finish.
The body of the go-kart is made from hardwood plywood, which is cut to the right size and fixed onto the frame using screws, nuts, bolts, and washers. This creates a sturdy base and outer shape. The kart has four 10-inch pneumatic wheels attached to axles, with pillow block bearings to help them rotate smoothly. The steering system uses a go-kart steering kit connected to rods, allowing the driver to turn the kart easily and stay in control.
A disc brake is fitted to make sure the kart can stop safely when needed. The seat is securely attached to the frame, and a three-point safety belt is included to help keep the driver safe while driving. Threaded rods are also used in certain areas to add extra strength. Overall, careful measuring, secure fixing, and attention during assembly are important to make sure the go-kart is safe, stable, and works properly.




[bookmark: _Toc229171292]Cost Analysis 
Materials:
· Frame
- Quantity: 3; Material: 25 × 25mm Black Square Steel Tubing, 3 m length; Unit cost: £16.23; Total cost: £81.15 (Ross Castors, n.d.) 
· Wheels
- Quantity: 2; Product: 2 × 10” Pneumatic Wheels, 260mm × 85mm, 20mm Bore; Unit cost: £16.99; Total cost: £33.98 (DIY.com, n.d.)
· Brakes
- Quantity: 1; Product: Bike Disc Brake Calliper set for mountain bike Bicycle; Unit cost: £24.74; Total cost: £24.74 (VGEBY, n.d.)
· Seat
- Quantity: 1; Product: Go Kart Seat 17 Inch ; Unit cost: £25.16; Total cost: £25.16 (VGEBY, n.d.)
· Steering
- Quantity: 1; Product: Go Kart Steering Kit; Unit cost: £72.29; Total cost: £72.29 (JNDO, n.d.)
· Axles & Bearings
- Quantity: 1; Product: Set of 2 Piece Go Kart Steering Rods; Unit cost: £17.64; Total cost: £17.64 (Amazon, n.d.)
- Quantity: 1; Product: 2 × Pillow Block Bearings 25 mm; Unit cost: £5.98; Total cost: £5.98 (BEP Ltd, n.d.)
· Fixings
- Quantity: 1 ; Product: Assortment Kit with Screws, Nuts, Bolts & Washers ; Unit cost: £42.02; Total cost: £42.02 (BestPriced, n.d.)
· Body
- Quantity: 3; Product: 1220mm × 607mm × 18mm Hardwood Plywood; Unit cost: £19; Total cost: £57 (DIY.com, n.d.)
· Safety
- Quantity: 1; Product: 3 Point Safety Belt; Unit cost: £13.30; Total cost: £13.30 (PRIMEGA, n.d.)
- Quantity: 1; Product: M10 × 300 mm Rod (ARB); Unit cost: £9.49; Total cost: £9.49 (Screwfix, n.d.)
· Paint
- Quantity: 1; Product: 6 Assorted Spray Paints ; Unit cost: £22.49; Total cost: £22.49 (BargainBrit, n.d.)


[bookmark: _Toc229171293]Engineering Analysis
The engineering analysis of the soapbox car focuses on ensuring structural integrity, minimising resistance and maximising speed whilst maintaining safety. The chassis is constructed from 25 × 25 mm black square steel tubing, selected for its strength to weight ratio and ability to withstand dynamic loads during the race. Its load considerations suggest that the frame must support the driver’s mass, estimated at 70–90 kg, in addition to forces generated during motion, such as vibrations and impacts from uneven terrain.
Rolling resistance is reduced by using pneumatic tyres at an appropriate pressure, allowing smoother movement across the track surface. Frictional losses within the bearings are minimised using pillow block bearings, ensuring efficient axle rotation. Aerodynamic drag is also considered. However, at relatively low speeds, its effect is less significant than rolling resistance. The plywood body design contributes to a lightweight structure while slightly reducing air resistance.
The braking system is analysed to ensure the vehicle can be brought to a controlled stop within a safe distance. A disc brake system is used due to its reliability and consistent performance. The driver’s input force is transferred through the mechanism to generate sufficient friction at the wheels.
Key stress points, particularly at joints and axle mounts, are reinforced to prevent structural failure. Welded joints provide increased strength, supported by additional fixings for stability. Overall, the design achieves a balance between durability, safety, and performance within the project budget.



[bookmark: _Toc229171294]Dynamics & Drivability 
The dynamics and drivability of the soapbox car are essential for achieving speed and control. The primary force acting on the vehicle is gravity, accelerating it down the 550-metre course. This design ensures optimal weight distribution, with a low centre of mass to improve stability and reduce the likelihood of tipping.
Steering responsiveness is a key factor in maintaining control. The go-kart steering system enables precise directional adjustments, allowing the driver to respond effectively to changes in the track. The steering geometry is configured to provide smooth and predictable handling without excessive sensitivity.
As the design does not include a complex suspension system, tyre selection plays an important role in absorbing surface irregularities. Pneumatic tyres improve grip and comfort, enhancing overall drivability.
Braking performance is equally important, contributing to both safety and control. The disc brake system allows for gradual and controlled deceleration, particularly when approaching corners. Driver ergonomics are also considered, with the seating position designed to maximise comfort and visibility.
Overall, the vehicle is designed to be stable, responsive, and easy to control, enabling the driver to maintain speed while ensuring safety throughout the race.



[bookmark: _Toc229171295]Evaluation / Predicted Performance 
The predicted performance of the soapbox car is based on its lightweight construction, efficient rolling components and stable design. By minimising rolling resistance and maintaining a streamlined structure, the vehicle is expected to achieve competitive speeds along the downhill course. Pneumatic tyres and high-quality bearings contribute to smooth motion and reduced energy loss.
Handling is anticipated to be consistent due to the low centre of gravity and responsive steering system this allows the driver to maintain control through turns. The braking system provides reliable stopping capability, ensuring safety without excessively limiting performance.
External factors such as track conditions, weather, and driver ability may influence the outcome. Uneven surfaces could increase resistance or affect stability. Despite these variables, the overall design is expected to perform effectively, achieving a balance between speed, control and safety.


[bookmark: _Toc229171296]Reflection
This project provided valuable insight into the engineering design process, from initial concept through to analysis and evaluation. Working collaboratively emphasised the importance of communication, teamwork, and effective decision-making when balancing performance, safety, and budget constraints.
A key learning outcome was the significance of thorough research and planning when selecting materials and components. Understanding how each element contributes to overall performance was essential. Additionally, considering practical limitations such as cost and availability strengthened problem-solving skills.
If repeated, the project could benefit from further testing and prototyping to refine the design. Overall, the project successfully demonstrated the application of engineering principles in developing a functional and competitive soapbox car.
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