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[bookmark: _Toc220837198][bookmark: _Toc220837233][bookmark: _Toc220851835]Introduction
This project involves designing, building, and testing a rubber–band–powered vehicle that converts elastic potential energy into motion. When a rubber band is stretched or twisted, energy is stored in it due to changes in its shape, a phenomenon explained by rubber elasticity theories that describe how strain energy is stored and released during deformation and recovery (Kumar and Brassart, 2023). Recognising this behaviour is crucial for estimating energy storage capacity and understanding how design factors such as rubber band thickness and pre-tension influence vehicle performance. 
Besides energy storage, frictional losses at contact points- such as between the rubber band, axles, and wheels- can significantly impact movement distance and efficiency. Rubber’s viscous and elastic properties lead to heat dissipation, which reduces the useful elastic energy available for motion. Similar frictional considerations are studied in tyre–road interactions, where surface roughness and material properties affect rolling resistance (Carbone and Bottiglione, 2021).
The mechanical characteristics of wheels and axles also influence performance: low rolling resistance and minimal bearing friction enable more efficient energy transfer into forward motion, while misalignment or high surface friction can diminish efficiency (Duda et al., 2025). This report covers the research, design process, testing, and performance evaluation of the vehicle. By combining principles from materials science and mechanical physics with practical testing, the project illustrates how basic engineering concepts can improve the performance of a simple elastic-powered vehicle.
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The initial design concept mainly focused on producing a simple, structured and lightweight car using materials from the specified list. The chassis was made from wooden sticks arranged in a rectangular frame, which produced a basic structural base while keeping the overall mass of the car lighter. The wooden dowels, as the axles, had paper straws attached and fixed to the chassis, intended to reduce friction while still allowing the axles to rotate freely. However, when trials were run, the paper straws were fixed tightly onto the dowels, preventing the axles from moving freely and increasing resistance. To fix this, the straws were detached from the chassis and placed onto the wooden dowels. The surface of the wooden dowels was chipped away to reduce the friction between the dowels and straws, which improved the rotation.
By attaching an elastic band to the rear axle and tensioning it to store potential elastic energy, it aimed to lead to the propulsion of the car being achieved. During initial testing, the car showed a lack of traction. When the elastic band was released, the rear axle experienced rapid rotation, causing the elastic band to spin around the axle and detach. 
With changes being made to the car, clay was added to the front of the car to increase the mass of the car and to reduce the amount of traction that was being lost. The added weight showed to have improved the performance of the car as the elastic band no longer experienced rapid rotation, and the car travelled a further distance than was previously able to be achieved.
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To make the car, using the provided materials, including lollipop sticks (20 maximum), as many rubber bands as we wanted, wooden dowels, CDs, wooden wheels, straws, washers, paper clips, glue guns, tape, and modelling clay.  After constructing a plan and design of how we would make the car, we were allocated 2-hour slots in which we could make and develop the car. 
After making the car, described in design developments, the car was tested through trial and error. The findings were that our initial design had many problems, although the testing was correct. First testing how many times the rubber band needs to be wound in order for the car to travel the specified amount. This was tested by finding the balance between too much power, so that the car would lift, and too little power, causing the car to barely move. Each time we tested the distance and turns, it was determined which characteristics worked better together and changed the design of either the axles, wheels, turns or structure of the car to provide better results.  
 Fairness was maintained, and bias was avoided by controlling our variables. Our independent variable was the number of winds of the rubber band. The dependent variable was the distance travelled by the car, and the control variable was the surface of the floor.  The same person is winding the rubber band to get the fairest results possible.
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The final design was the strongest in terms of performance due to going through and resolving many issues during the construction of the car. For instance, wrapping elastic bands around the wheels allowed them to maintain traction when the elastic band was released, propelling the car much further than it initially did, when the wheels would simply slip and spin due to the lack of grip on the wooden wheels. The changes made to the axles and chassis also overall improved our final design. The final design had clay to increase the mass of the car, it had elastic bands wrapped around the wheels, it had a longer, thinner, longer elastic band to produce more of a prolonged release of power as opposed to a short, strong burst of energy, and it had narrower axles so that they could spin more freely through the straws. All these factors increased the traction of the wheels and therefore the distance the car travelled after the elastic band had been released and the car was launched. The initial design of a simple rectangle chassis made of lollipop sticks lacked structural integrity, and even ended up snapping due to the force of the rubber band when put under tension, so the most drastic change was swapping from that chassis to a stronger, more durable one, allowing a more powerful burst of energy from the band without the car breaking, which alsoallowed the car to perform better. Adding weight to the car aided massively in keeping traction during the initial acceleration of the car, particularly when it was placed over the rear axle, as it was propelled by the rear wheels. Therefore, along with some other modifications, the addition of weight to the car massively aided its performance in the final testing.
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There was effective collaboration during both the design and testing stages by dividing tasks amongst ourselves according to everyone's personal skills. Some did more research, while some of us did more construction and testing. This helped us progress more efficiently as a group and helped the group to stay within the time constraints. Communication during building and testing was also crucial; this helped to observe our strengths and weaknesses at every stage of construction, so further development could take place. 
[bookmark: _Toc220851840]Strengths in designing and analysis
One of the cars main strengths was its simplicity and lightweight chassis, this helped minimise energy losses associated with extra mass, the use of the wooden popsicle sticks arranged into an rectangular frame provided a rigid secure structure whilst keeping the vehicle light, in addition the use of the paper straws on top of the wooden dowels to maximise movement of the wheels, to reduce the friction between these two the dowels were shaved where the straws sat this much improved the wheels range of motion. The choice to add mass in the front using clay also helped to improve the vehicle's traction. During testing, it was found that the car had too much torque and would flip when set off, which helped balance this out.
[bookmark: _Toc220851841]Weakness in the group
A key weakness of the group was a lack of emphasis on the durability and robustness of the car during the early design phase. The car could have benefited from more frequent test runs during the design process. The group focused on achieving motion and improving the car's efficiency, and we paid less attention to the car's structural integrity. This became evident when the car partially fell apart during testing, interrupting our process and redirecting our focus to the chassis.
[bookmark: _Toc220851842]Weakness in the original design
The most significant weakness of the original design was its inability to be able to complete the required distance of 2 meters consistently. This was originally due to the friction on the axles before the wooden dowel was shaved; friction was an issue on the wheels, which also affected the ability to travel the required distance. This was combated by adding grip to our wooden tyres with glue, creating tread. These issues meant that not all the stored elastic potential energy was converted to motion. In addition, a lack of focus on the structural integrity of the chassis and axle mounting led to some of the components loosening and separating during testing, which made reliable, repeatable testing challenging.

[bookmark: _Toc220851843]What could happen for better results
To get consistent, repeatable results, the structure of the chassis should be reinforced to prevent the car from disassembling under pressure by bracing the joints and using more wooden sticks to reinforce. This improvement on construction quality would have allowed more consistent testing and reduced energy losses caused by lack of traction and friction in rolling resistance to help us meet the 2-meter target, and more systematic testing through the design process by measuring the distance achieved and the time it took to gain a clearer idea of what chances actually improved the performance of the car so we could maximise its outcome and create an more effective design in the end.
[bookmark: _Toc220837203][bookmark: _Toc220837238][bookmark: _Toc220851844]Conclusion 
The final design of the rubber band-powered car demonstrated how testing and refinement can drastically improve performance. Through trial and error, key issues such as torque, friction and structural stability were identified, resulting in a more efficient and consistent outcome. This project highlighted the importance of planning, teamwork and adaptability when working within material constraints. Overall, the process validated how small design modifications can have a drastic impact on functionality and provided a valuable insight into applying theoretical principles to practical engineering challenges.
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