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Mounting System – Gwydion Clement
[bookmark: _Toc31567372]Concept designs

Through the research undertaken certain designs were considered by implementing the same technique is the solar powered mounting system. The initial design using this concept (Figure 1) was a box like shape with an angle upon it where the launch would be mounted, this would provide a directional adjustment to help set the aim of the launcher. The main issue with this however was there was no means to adjust the vertical limits of the launcher in turn limiting the capability of aiming. The box like build of this concept also meant that accessibility was limited, meaning that connecting and disconnecting the wing nut would prove difficult and any issues that could arise would prove more time consuming to solve as all the components would be sealed away. [image: Image]This would mean having to take apart the whole launcher apart in order to make any necessary repairs. Taking this into consideration a more open design was drawn up. This also meant that less material would be needed for the structure. The main goal of this decline in material would mean that careful consideration would have to be put into the stability of the device. [bookmark: _Toc31567392]Figure 1 - Concept 1


[image: Image]The other considered designs were to utilise a GoPro like mounting system, this would be positioned on a tripod where the angles could be adjusted with ease. A locking pin would lock in the desired angle (Figure 2). However, to fire this device there was a chance that the aiming would be compromised. The issue would be with the tripod itself, the main fear with this was that once the launcher is fired it would produce enough force to topple the device. For this to work there would have to be a structure connecting the three points of the tripod to attach the wing nut. However, being a more open design, this does allow for greater maintenance and would create a more user-friendly launcher.[bookmark: _Toc31567393]Figure 2 - Concept 2




A third concept drawn up was inspired by looking up the mortar aiming section within the aiming research (figure 3). Building a mortar like structure within a box would allow the launcher to be adjustable via wheels that could spin within a box in order to angle the launcher. This would provide enough stability to hold the launcher in place. Although of all the concept designs this one by far is the bulkiest meaning that similar to the first design (figure 1) the costs of the design would be greatly increased. 
[image: Image]
[bookmark: _Toc31567394]Figure 3 - Concept 3

Drawing from concept designs it was clear that a more simplistic design was needed yet would still need to remain structurally sound. The aim of the final concept was to implement a box like structure but taking it to its barebones, a rough final concept was drawn up (figure 4). In this system the four vertical stands that would act as guides for the aiming system. Each stand would have guide holes that would support a rod that the launcher would be mounted upon.  The front stands would reach higher than the rear stands creating an angle in which to position the launcher. The wingnut was considered to be placed in multiple locations however it was decided upon keeping it at the rear edge to help support the heavier side of the launcher.

[image: Image]
[bookmark: _Toc31567395]Figure 4 - Final Concept
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[bookmark: _Toc31567396]Figure 5 - Final Design
Within the final design many things had to be considered, there would be a protruding bolt on the work surface that needed to go through and clear the base the mounting system. This bolt would be 100mm from the rear most edge and will only have 13 mm of thread showing. In order to attach the wing nut affectively it needed to have clear access and the structure of the mounting system should not conceal the threads. To tackle this there is a larger 30 mm indent around the 10mm hole with a depth of 4mm meaning that the wingnut can be fastened securely. The 10mm hole will have a close clearance allowing the wingnut to fasten it more securely.
The specifications open launcher it should be in a 600 by 600 by 600mm workspace the full space is not being utilised on the vertical sides so that the launcher can adjust to its highest most position without breaking the competition specifications. 
The length of 480mm has been put into place so that is long enough to hold the length of the launcher. Seeing as the rear was going to be supported by the wingnut consideration was put into enough support on the front so that the devise would not fail once fired. For this reason, the front of the devise has a width of 457.86mm compared to that of the rear being 348.41mm.
Along the vertical stands there are a series of holes that have been designed to have an average clearance with a 30mm diameter. The purpose of this is to still be able to adjust the aiming system while still being able to adjust the aiming system.  
  

[bookmark: _Toc31567374][bookmark: _Hlk26376499]Power Generation and Storage System – Jason Evans

Throughout the process of designing the line launcher, there have been many different concepts for the power generation. An example of these are solid fuel, combustible gases, compressed gases and some varying forms of kinetic energy ideas. The final idea that was deemed the most reliable and safest was a kinetic method using a compressed spring to create a store of potential energy and release it to launch the projectile. There are various reasons why this method was chosen, and they will all be explained below.
One of the first ideas that was proposed was using a combustible gas as a propellant for the projectile. The idea was that it would be simple to construct, with little to no moving parts, we would only need a pipe, the projectile, an ignitor, storage for the gas and a means to get the gas into the pipe with the upmost safety. Safety being the operative word here, after much research into this it was decided that the combustible gas route would not be the best path to take as it would not be the safest by far. Research on this subject has shown that if the gases aren’t stored correctly and/or released in a safe and controlled manner then these gases can be a serious risk to the health and wellbeing of anyone nearby, even the storage container could explode or cause serious damage if it was not constructed or stored correctly (Hse.gov.uk, 2020). 
A solid or liquid propellant could achieve similar results to a combustible gas propellant with an ignition source igniting the fuel creating a quickly expanding shockwave that would launch the projectile out of the barrel/pipe. However, there are major restrictions on the manufacture and use of these types of propellants. They are essentially classed as explosives and therefore, are heavily regulated substances and it is an offence to create or use any sort of device without the appropriate Explosives, Precursors and Poisons (EPP) photographic license from the government (GOV.UK, 2020). Safety is also an issue with solid or liquid fuels for a propellant as if the projectile doesn’t launch and gets jammed or something goes wrong then the launcher is nothing more than a bomb which could endanger many lives. That is something to avoid at all costs.
Compressed gas doesn’t have the same draw backs as a solid/liquid fuel propellant. As an example, it doesn’t have to be ignited and you don’t need a special license to handle it. The same could be said for combustible gases too as they need to be ignited, where compressed gases do falter however, is in the storage. In a similar respect to the combustible gas the container would need to be sturdy enough to store the gases as they are compressed, and a quick release of the gases could lead to the storage device becoming a projectile or perhaps exploding. If there is a leak, the gas, likely carbon dioxide (CO2) could cause asphyxiation by hypoxia to anyone near in an enclosed area, at the very least an immediate impairment of their cognitive functions even loss of consciousness due to CO2 toxicity (Permentier et al., 2017).
One of the kinetic energy launchers that was considered was a catapult, or a trebuchet to be precise. This has been used for centuries by armies all over the world as a siege machine, to knock down defences and launch projectiles over walls etc. The issue with the trebuchet idea was that it seemed overly complex when there were simpler ideas about that could be simpler for the task at hand and therefore the alternate method involving a spring was the design that was chosen (Gurstelle, 2007).

The final design decision for the launch system came to a compressed spring. Unlike the other methods that have been spoken about this is not likely to explode or cause asphyxiation, there will be no special licence requirements and it is fairly, straight forward to accomplish. The spring will be slightly (2mm ± 0.5mm) smaller than the launch barrel with a release mechanism to release the tension in the spring to launch the projectile up and out of the barrel. On the projectile end of the spring there is a disk with a slightly concave surface for the projectile to sit in prior to being launched. To compress the spring and generate the required power there is a winch and pulley system to pull the spring back down with the string from the pulley being attached to the centre of the disc at the end of the spring. To ensure that the winch doesn’t unravel on its own or until the system is ready to be launched a locking mechanism will be in place to prevent the winch and the string from unspooling. This would also prevent the handle from spinning round and possibly injuring whoever may be operating the handle. There is also a release mechanism to release the winch so that there would be no interference with the actual launch and the spring will extend up the barrel without any restrictions. The final length of the spring will be determined after some testing to see what the optimal length will be, but the decision has been made to make barrel as long as possible to help increase accuracy. This is something that was discovered through a bit of research into launchers and firearms over the years (Hodges, 1917).  The spring release mechanism will hold the tension of the spring once the spring has been brought back far enough and once the launcher will be ready to fire the spring release mechanism will retract releasing the stored potential energy of the compressed spring launching the projectile to the required target and distance.
	

[bookmark: _Toc31567375]Energy Release System – Harry Grundy

[image: ]The design I decided to create is a spring-loaded mechanism there is a cylinder 80mm long with a internal diameter of 40mm and an external diameter of 44mm this cylinder is blocked off at one end by a plate 40mm diameter and a thickness of 5mm. this end plate has through hole in the centre 10mm diameter. There is a there 10mm threaded bar with a 10mm diameter and an M12 thread attached to a bearing allowing it to free spin. At the other end of the cylinder there is a second plate with a threaded bar 100mm long and a 10mm diameter a M12 thread running through it. There is a spring within the cylinder trapped between the two plates. The threaded bar running through the centre is wound by the threaded bar on the bearing with a small motor attached compressing the spring and creating kinetic potential energy ready to fire out the squash ball. I chose this design because I feel that it is the best way to get the most efficient release of energy possible this design will allow us to stand away from our launcher and will allow for easily repeatable launches giving us a great level of consistency. My design will be made from plastic as this material is cheap very easy to manipulate into the desired shape it will also be plenty strong enough to with stand multiple launches with a variation of range fitting with the brief given to us stating that it had to be within a £30 budget and it must be repeatable by combining the materials and the design both these aspects will be fulfilled with ease, this design is also good because each part can be changed to accommodate changes that may need to happen for example there may be too much compression on the spring and the squash ball may go too far in which case the amount the spring is compressed can be shortened giving us less power but better accuracy. The design can also be adapted to fit the other parts onto if for example the mounting system. As we all created different parts individually to one and other causing some parts to not marry each other so being able to easily adapt and alter the design is key. [bookmark: _Toc31567397]Figure 6 - Energy Release System

The cylinder the main body of the design is a simple 80mm long cylinder with a 44mm outer diameter and a 40mm internal diameter cheap and simple to produce from a PVC pipe and will withstand multiple launces allowing for accurate repeats. I chose to use PVC piping to create the design rather than aluminium because although aluminium would be stronger and look more aesthetically pleasing it would cost much more that the PVC pipe, it is also harder to manipulate into shape depending on the grade and softness of the aluminium 
The plate and shaft that cut through my design are made up of a 5mm tick by 40mm diameter plate that’s bolted onto a threaded shaft 100mm long with a 10mm diameter M12 thread allowing the plate and shaft to be wound inwards compressing a spring that is placed within the cylinder allowing a build-up of kinetic potential energy ready to be released at a moment’s notice. These parts will be made from plastic as it is easy to manipulate into the required shape it’s also in expensive to purchase and its plenty strong enough to withstand the forces that it will be put through.
The end plate that acts as a wall trapping the spring between its self and the opposing plate is a 5mm tick by 40mm diameter plate the same as its opposite number this plate also has a small bearing in conjunction with the centre hole that allows the main shaft through, this bearing is the seat for a small threaded shaft that’s 10mm long with 10mm diameter and a M12 thread this bearing allow this bar to free spin. A motor then spins this bar causing the main shaft to wind in compressing the spring that’s trapped within the cylinder walls, both the shaft and plate will be made from plastic again as it’s very easy to mould into the desired shape and it will also be tough and hold up to the task. The bearing is a small bearing that is available from and DIY shop and is in expensive to buy, but is the most expensive part of the design as it is made from metal but is required to allow a smooth function to my design  
Overall this design is for me the most cost effective design as the materials used will be cheap to buy and recycled materials can also be used reducing the cost even further increasing the sustainability of the part, the design is also the most effective way possible of compressing and expanding the spring as it won’t use much energy at all for the moto to compress the spring and no energy to release the spring creating an effective firing mechanism. I chose to do this design over others because this design is the one that fits into our brief best, it is the most cost effective as the parts required will cost little money as they are very cheap and easy to come by. It is the most repeatable design as the spring can be compressed to different lengths allowing us to reach multiple different ranges as we are required to fire into a barrel from multiple different ranges. By using this design it will allow us to fire accurately into the barrel at each range as we are able to compress the spring at different lengths allowing us to adjust the power released and subsequently allowing us to shoot the ball into the barrel at the different ranges. This design will also be strong enough to withstand multiple launches allowing for good repeatability. Overall, I’m happy with this design as it fits well with the brief and ticks all the boxes. 

[bookmark: _Toc31567376]Aiming System – Jacob Lewis

[bookmark: _Toc31567377]Concept Designs
For creating an aiming system there were a few different options we could have used that would have fitted on our launcher design a few that could have led to the aiming system to be a lot more complex than it needed to be. The reason for us making as basic as possible is the fact that this could essentially mean there’s a less of a chance of something going wrong with the design and if something were to go wrong it would mean being an easy fix. A big part of the aiming system was down to what we used to launch the ball, one of our options was to use compressed gas, with the compressed gas the higher the pressure launching the ball the further the ball would launch, another option would have been to use a spring and when the spring is released it would launch the ball out of the pipe and the tighter the tension of the spring the further the ball would have been launched. With the options of adjusting the aim of the launcher we tried to keep it as simple as possible. Aiming the direction of the launcher is down to us by using eye, but with the height this would be adjusted by using a bar to lean on and the height of the bar. Another form would have to keep the launcher solid and to ensure it was straight and leave the aiming to the target completely to the amount of pressure. Another form of aiming would to be to use the same system as a mortar would use. Doing this we would have to calculate the using the amount of pressure, this would make the assembly process a lot more complex than it would need to be because we would have to get a gauge fitted so we know the exact amount of pressure that was in the launcher and we would also have to find a way to fit an air tight chamber where the gas would be stored. This system would also be far over our budget because we would have to buy the compressed gas and after its been used once it would have to be replaced, whereas if we used a spring the spring would go straight back to its normal shape and can easily be reused. When the launcher is set off it could cause the launcher to move which again will throw off the accuracy so the best option to avoid this would be to have a bar that slot into the stand and a metal ring that would go around he bar and launcher to hold them together to ensure that the launcher doesn’t move at all. To ensure that the launcher is completely straight we could ft a small triangular iron sights at the top of the launcher, even though this will not help us work out the distance it will still tell us that the launcher is straight on the target. 
[bookmark: _Toc31567378]Final Design
After going through our options we have chosen to use a bar the would run across the front of the stand which would allow the actual pipe to rest the reasoning for this it to ensure that the pipe doesn’t slide from side to side at all when it is launched and to make sure it is as accurate as possible. We would also attach a part to the pipe which would slot onto the bar to ensure when the aim is adjusted it doesn’t move at all to throw off the accuracy when the ball is launched. The rear of the pipe will also be attached to the back and of the stand. The pipe will be able to be dismounted because it will be screwed in using 2 x 30mm bolts. The reasoning of using this is to ensure that the pipe is completely straight, this is crucial for this project because if the launcher isn’t launching straight it could make it almost impossible to predict the angle of where the ball is going to be launched. 
[bookmark: _Toc31567379]Costings
For the parts needed for the aiming the most expensive parts would be the 2 x 30mm bolts that screw into the back of the pipe and looking at websites online each bolt is only around £1, these bolts are steel so they are as solid as possible to refrain from any sort of fracture with the screws which would lead to the launcher being completely out of use. The bar across the front of the stand can be made from any materiel because its only use it for the bar to lean on, this means that the bar won’t be under a lot of stress assuming that the pipe will not be too heavy. For a 500mm stainless steel bar we are looking at a price around £9. With a lot more research and looking into cheaper materials we could get all the parts necessary for the aiming for under £5. If we were to make the aiming as cheap as possible this would leave a lot more of a budget for the other parts needed for the launcher. It would be vital to us that the launcher does fire therefore it is a priority to make sure the other parts are complete. 

[bookmark: _Toc31567380][bookmark: _Hlk26376159]Projectile Launch and Line Management – Milena Tomaszewska - Awaiting work
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