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[bookmark: _Toc220706230]Introduction 
This project is a team project which is to show progress researching, developing, and testing how each group can construct the most effective propelled rubber band car possible. Each group had a list of restraints that each must adhere to such as limited materials.
· 20 Lollipop sticks
· 4 CDs
· Rubber Bands (Plenty)
· 5 Wooden Dowels
· Straws (Plenty)
· 10 Washers
· Paper Clips (Plenty)
· Cello tape
· Modelling Clay
· 4 Wooden Wheels
· Glue Gun
As well as limited materials the focus is that everyone is working within a group, so organisation must be important with when and how the group are going to work on the project and this is going to be especially challenging with deadlines that are near.
The target of this project is to build a rubber band propelled car which must be designed in a way to excel in two tests we will be given. The first is to see how fast it can travel 2 Meters and the second is to see how far it can travel overall, so when designing it is important to consider how the car will perform on each test and provide adjustments to the car that can help excel in both tests.

[bookmark: _Toc220706231]Research
The group investigated different manufacture design chassis; comparing heavy duty chassis built off two main beams that were heavily reinforced, however the team ended up settling on a triangular based chassis to prioritise speed. Like the lotus chassis and when looking at the triangular based design there was the option to assemble the triangle at the rear or the front. Following this, comparisons were then from the outcomes of deciding whether we wanted front, rear wheel drive or allwheel drive. 
Regarding the setup the decision was made to go with rear wheel drive because when looking into drag racing the vast majority of the cars that participate are rear wheel drive. Finding this showed that this is because when the cars launch all the weight shifts to the rear axle meaning there is a lack of grip to the front tyres. When looking at all wheel drive although it has the benefits of faster acceleration it showed that increasing the moving parts could result in more weight and less reliability.
When determining the materials chosen each section was split into three parts. First part was to focus on the chassis, opting for lollipop sticks as they are structurally strong, and easy to configure with glue due to their flat faces. The group considered using dowels for the chassis however this design would have exceeded the threshold for the maximum number of dowels per group.
For the axle it was planned to run the dowels through the straw in the hopes the dowels would freely move allowing the wheels to rotate then allowing us to glue the straw to the chassis. To then rotate the wheel, we have decided to add a small wood chip, leaving enough clearance so it does not catch on the frame, allowing the rubber band to stay secure and to spin freely.



[bookmark: _Toc220706232]Development 
[bookmark: _Toc220706233]Drivetrain 
As a group the first target was to identify where and how the rubber band car would be powered by looking at the drivetrain. Even though the group already chose Rear wheel drive, it was considered if there was a way to implement the ideas of front wheel drive and All Wheel Drive during the assembly process without expending too much time or performance from the main rear wheel drive design. To first create the rear wheel drive design utilisation of a small piece of wood was used as a hook on the free spinning axle, from here the same with the front free spinning axle was attempted. On the contrary, there was oversight on the way the front wheels would rotate the first time it was assessed, and this resulted in the wheels spinning different directions. This error was then adjusted by winding the rubber band on the hook it the opposite rotation. Then after testing this, like real word examples it accelerated well first however did not make it as far compared to the test with rear-wheel-drive design. This was thought to be because of the imbalance between the rubber band inputs, one axle receiving more load than the other. in turn each set of wheels completing a different number of revolutions a second which would cause friction for the set of wheels that did not have traction to the floor. This is when rear wheel drive was then used.
[bookmark: _Toc220706234]Wheels 
After the drivetrain was set choosing the wheels was next, agreeing upon using the wooden wheels which had the widest tread despite being the smallest in circumference compared to the CD wheels which were not only extremely thin lifted the cars centre of mass significantly off the ground which would reduce stability of the vehicle. A common occurrence was a lack of traction when releasing the car due to much elastic potential energy even when using the wooden wheels. Reduced tension in the elastic band was evaluated which did result in a further distance however the group still had an aim to push the car further, so plasticine was added to the wheels which also saw speed improvements. The plasticine also helped with consistency resulting in a car that stayed planted.
[bookmark: _Toc220706235]Chassis 
Lollipop sticks were selected for the main chassis as it was one of the materials that had the ability to be cut to any length desired in addition to its width which enhanced robustness and the ease of gluing the model together. Something that was added to the foremost end of the model that seems purely aesthetic was the plasticine flags as when testing the model seemed light and adding weight centrally to ensure there was less deviation between the length the rubber band car was able to travel across multiple runs making it more consistent. On the main frame the group had to rethink how to make the axles spin as when driving the wooden dowel like the straw like planned there was so much friction that the group could not get it to rotate. To combat this problem paperclips were used as they proved to be a low resistance surface the axle could rotate within which could be easily attached to the chassis.
[bookmark: _Toc220706236][image: ]Design Process / Hand-Drawn Figure 1

In Figure 1 triangles were the main idea for the chassis as much inspiration was taken from the lotus seven chassis hoping to retain the same rigidity. A wider rear for stability was conceptualised however fell short of the final design due the dowels being difficult to cut accurately along with the fact it would not have fitted with the design created for the main chassis which is where the focus was.

[bookmark: _Toc220706237]Evaluation
The Rubber Band Project met the desired outcome, able reach the goals set at the beginning with the construction restrictions that were given to the group within the limited time. 
[bookmark: _Toc220706238]What Went Well
Within the project the final design performed to a high standard when completing the two-metre assessment the rubber band car had to undertake. The team were fortunate enough to have the car finished in a desirable state as sometimes the final build does not always turn out as planned. The design choice that was made played out well with the triangular chassis design proving to be rigid with minimal flex. In addition to this the assembly between the axle and the chassis using paper clips which was not planned due to an oversight in how big the dowels were turned out to excel. This showed the team that a mock design beforehand would have been extremely beneficial as the team would have most not likely thought of this idea via pen and paper, was it only through hands on activity were the team able to see how this idea ideas were able to succeed. 

[bookmark: _Toc220706239]What could have been improved?
Co-operation between the group members could have been significantly improved as it was later than ideal before communication between there was some level of communication between the whole group. More in depth drawings of the vehicle would have been beneficial as the group only took one to further develop where more could have given stronger ideas towards the model. The addition of the rear wing was unnecessary for maximum performance as, even thought it was not visible, the addition would cause more force to act upwards at the frontend and endure an increase in the height of the centre of mass. Despite this aesthetic look focus should have been directed towards the full performance of the rubber band model. At certain points components were glued together slightly out of place which resulted in slight offset resulting in an unsymmetrical and unbalanced vehicle which would hurt performance this could have been seen due to a rush towards the deadline or lack of referral to the planned design. We wanted to fix the axle in to place as it was rubbing with the lollipop sticks however we could not find a work around.
[bookmark: _Toc220706240]Conclusion
Overall, the rubber band vehicle ended up excelling proving to be a great showcase for the teamwork that was presented towards this project with a vehicle hosting a design that implements many scientific and engineering concepts within that the whole group was able to understand together why and why not each design choice was made.
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