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[bookmark: _Toc26656551]Projectile Launch and Line Management- Dan Morris

My part in the team will be managing, designing and building the projectile launch and line management systems for our line launcher. In order to complete this up to standard, I did some research into past examples of line launchers made by students for this challenge. 
(IMechE, 2016)[image: ]
[bookmark: _Toc26656431][bookmark: _Toc26656534]Figure 1- Middlesex University
(Dr Scott J. I. Walker, 2018)[image: Image result for imeche design challenge 2016 line launcher]
[bookmark: _Toc26656432][bookmark: _Toc26656535]Figure 2- University of Southampton
After having a look at multiple designs from different places, the most common design involves a barrel which guides the ball out into its path of flight. This can have benefits. You will have a static aiming system, meaning the barrel itself doesn’t move during any process. But this can result in drag during the firing of the ball, when it bounces off the sides of the barrel. Another design I saw was Middlesex university (Figure 1), who won in 2016. Their design doesn’t use a guided barrel, instead a cup that shoots from inside the barrel. This gives it little resistance as it isn’t making contact with anything apart from the cup and the air. I like this idea, as they are eliminating factors that they would have to take into account during their range calculations for example. For our competition however, we need a way to be able to retract the ball using the line, and I can’t see how this could be possible with using the method of the ‘cup’ from Middlesex. Therefore, I believe we need a barrel in order to be able to create a mechanism that will retrieve our ball. Doing some more research into the types of barrels seem made by others, I believe the best option to go for is a long barrel which gives us space for our line management system. I believe using a barrel as seen in figure 2 would limit us into managing our line due to the lack of space. 
Seeing as I have rounded down our choice of barrel to a relatively larger one, we need to think of the muzzle. If we were using a gas firing system, then I would recommend using a small brake on the muzzle to bleed the gas out to give more predictable firing. But if we are using a spring mechanism, then the muzzle just need to be larger than the ball, but small enough to guide it in a straight line. 
Lots of students who used a barrel had pretty much the same material choice, either metal or PVC. After doing some research on both, I believe the loads the barrel will face are small, resulting in a metal barrel being overkill for us. A PVC tube has low friction, which will result in low energy loss with the ball.  PVC is also cheap to find and easy to cut/bend, making it ideal for us. 
Since none of the 2016 IMechE projects had to retrieve the same ball, they didn’t have to manage any line. This resulted in having to look at different systems. One of which is a harpoon. They use a reel to pull the harpoon back into its loading bay. I couldn’t find many other systems that could be feasible for us to adopt. This results in a bit more of a challenge of having to create something of our own. My current idea would be to attach the line to a wheel, that we can spin to retrieve the fired ball. If the line goes through the barrel then the ball should follow the same path as the line, back into its launching slot. 
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The topic I have chosen to do my research on is Lateral aiming.  
The design specifications is to make sure it has product information available which is in the handbook, target live in service and has installation requirements. This also includes the cost of manufacturing. The other design specification is to make sure the design is fit for purpose and meets the requirements, factors of safety and making sure that it meets the specifications.  
The lateral aiming concept is to have a design and build a device that fires a ball up to 6 meters using a length and fishing line. (Dr Tim Woolman, 2019). When other who have did the IMECHE design challenge previously they have done many different designs, some have used a catapult to aim their line launcher and one had a design as a bridge to fire the squashed ball for the line launcher. 
The lateral adjustment for the pivot point of the barrel is that it needs to be set by using super elevation, the slope direction and the potential pivot. (Help, 2019). This will need to be in the given range which is 2.0 – 6.0 meters. 
The effect of changing the angle is that it will have a high altitude and it will have a low range when a ball is fired.   
The Predictive settings we be using when launch the line launcher is SUVAT equations as this will help us with the motion when the direction of the acceleration of the line launcher is constant. The formula we be using to calculate is: Acceleration =  (The SUVAT equations, n.d.).
S = Displacement which is measured in Meters (m)
U = Initial velocity which is measured in meters per second (m/s)
V = initial velocity which is also measured in meters per second (m/s)
A = acceleration which is measured in meters per second squared (m/s2)
T= time measured in Seconds (s) (Well, 2017)
The rigidity we be using is wood for our line launcher as this will keep it strong and level with the line launcher. The stiffness we thought would be great for the line launcher is metal as it is stiff and also strong and we also decided to use a spring as this will help the line launcher to be level. The machine we are required to use to help us with the rigidity is the mill cutter, pillar drill and a laser cutter. Which are available at the workshop. 
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For this group project, I will be responsible for the trigger and safety systems as well as the power generation and storage systems for our line launcher. 
Looking at the brief, the device must be fitted with a safety system that can clearly show when the line launcher is safe to approach as well as when it is live (IMechE, Design Challenge General Specification. Version 1.3., 2019). On top of this, the brief (IMechE, Design Challenge General Specification. Version 1.3., 2019) states that the launcher must be fired remotely from at least two metres using a low voltage switch. 
For research into the safety systems, the internet was used to find previous attempts at the line launcher challenge, if any. Bournemouth University (Hopkins, 2016) the 2016 finalists, used a set of LEDs as a safety system. If the launcher was live, the lights will be on and if the light is off, the launcher is safe to approach. This seems like the most viable safety system as it will be obvious when the launcher is or isn’t live. On top of this, making a small circuit of LED bulbs would be cheap to not only make but manufacture in bulk as well. If the group decides to use a design much like the Bournemouth University line launcher, a secondary firing pin could be added to the design to act as a failsafe for the possibility of the initial pin failing. This method would be very cheap; however, it could be difficult to operate and might not be an effective safety system. As well as this, if the group decides to go for a catapult design, a bar across the launcher preventing the firing process starting could be used. This system would be easy to manufacture and also a cost-effective system for the group to use. Regardless of this, the system might not be an effective system. The bar will need to be removed before the group leaves the launcher ready for firing and during this time the launcher could fire early causing potential accidents. The best option for the job would be the LED system. This is because the system would clearly show when the launcher is live and when it is safe to approach. On top of this, the cost of parts for this system is quite low and it will be easy to implement into the final designs for the launcher. 
As a trigger system, the previously mentioned Bournemouth University entry (Hopkins, 2016) used a firing pin attached to a motor, which was then attached to the switch. When the switch was activated, the motor would pull the firing pin out and the squash ball would be fired. This is a good design to use as it would be easy to add into the design and the parts would be quite cheap to source. A second BU design (Lane, 2016) used a solenoid, a term referring to any device that converts electrical energy into mechanical (Nicholson, 2018) to power a motor that would spin and remove rod from the trigger which would then fire the ball. This design might not be the best option, however. If you consider the working budget of £30, a solenoid uses up almost a third of the budget leaving around £20 to find the rest of the parts needed. On top of this, creating a circuit for the solenoid and implementing this into the design would prove difficult. The most viable option for the trigger system would be Bournemouth University’s motorised firing pin. This is because this design would be easy to implement into the launcher and is the cheapest option for the job. As well as this, the system would be easy to manufacture and also to use when firing.
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When looking at the specification provided by the IMechE (IMechE, Design Challenge General Specification. Version 1.3., 2019), it states that there cannot be any explosives in the design and that a pressurised gas system is allowed but must be declared safe by the university prior to use. 
For power generation, the internet was used to investigate the best possible system with the resources available to us. The 2016 finalists, Bournemouth University, used a slingshot like system to fire the ball (Hopkins, 2016). A nylon tube sat inside the barrel of the launcher is attached to two elastic cords, which are themselves attached to two crossbow arms. These cords would be pulled back and held in place by the firing pin. This is a good design for generating power as it can be easily implemented into any chassis designs the group comes up with and the manufacturing process will be quick. Despite the process being quick, the design will be difficult to manufacture safely. The process will involve putting the elastic cords under a large amount of tension in order to mount it correctly, which could possibly cause an injury if the cord broke while mounting it. A second design idea could be to use a pressurised gas system much like the Ultimate Line Launcher by Kiwi Rescue which uses a cartridge of pressurised CO2 to fire a projectile (Line Launcher, 2019). In my opinion, this concept seems to be rather overkill for the task required. The Ultimate Line Launcher fires a projectile up to 80 metres and the challenge only requires the ball to be fired 6m to the target. The most viable option for generating power is the slingshot system. It is a cheap and quick system to manufacture but if this system is to be used, care must be taken to avoid any injuries during the mounting process. 
In order to research a feasible storage system, the internet was used. The Kiwi Rescue Launcher (Line Launcher, 2019) used two separate barrels to store both the projectile and the line attached. This design works nicely as the line will not interfere with the projectile as it leaves the barrel. Despite this, the design has downsides that need to be considered. The line could get tangled inside the barrel causing problems when firing the projectile. Another storage system concept is Bournemouth’s catapult housing (Lane, 2016). The projectile sits in a small cradle with the line housed in a different area of the launcher. This is a good concept as the cradle will be easy to make in both CAD and in real life. Regardless of this, the concept could cause some problems in other areas of the launcher. The ball is not fully secure in the cradle and could therefore fall out of the cradle during the firing procedure. This could throw any trajectory calculations off and could cause the projectile to miss the target. The most ideal storage solution for the line launcher would be the Kiwi Rescue concept. This concept allows for the ball and line to not interfere with each other during the firing process, which means that any trajectory calculations would, in theory, be correct resulting in an accurate firing system for the competition. However, if this design is to be used, care must be taken when storing the line in the barrel to avoid any possible friction affecting the release of the projectile. 
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This section of the report is to research previous attempts at designing a base and frame for a line launcher. 
The first brief published gives the dimensions of the launch table of 600x600x760mm with requirements that it does not overhang the edge (IMechE, First Year Design Challenge 2020 Project Specification, 2019). This brief also states the device will be attached to the table with a location pin and wingnut that is 100mm from the back edge of the table (IMechE, First Year Design Challenge 2020 Project Specification, 2019)
The 2nd brief for this challenge states the requirements that must be met, these would affect the design of this device, such as: ‘must be self-contained at all times’ and ‘a device controller will be the only person to attend the device’ (IMechE, 2019). This means the device must stand by itself and be stable while operating so a large flat base must be incorporated into the design.
After reading the brief the next step is to look at previous designs and devices to find a repeated base design.  Most if not all the previous designs had the same base design of a block. The only differences seen are material and depth. 
[image: ][bookmark: _Toc26656536]Figure 3-Launcher design (University of Southampton,2016)
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[bookmark: _Toc26656537]  Figure 4-Line Launcher (Bournemouth university, 2016)
Due to the fact the design of the frame is based on the angle of the launcher this section will deal with research on mounting/bonding of the frame.
The IMechE brief does not give any specifics as to how the frame is shaped or mounted so this will be designed with just research and trials.
Designs from the university of Southampton show a laser cutter was used for shaping the frame (University of Southampton, 2016). They suggest during the manufacturing process the metal sections of the designs were spot welded which Is a strong bonding method but will be unsuitable if the design is not metal (University of Southampton, 2016). Based on just the pictures the frame looks slotted together with tabs cut during the laser process, this is a cheap bonding method but isn’t very strong.
A different design shows a bonding method for wooden frame components, this comprises of smaller wooden blocks placed in the corners and secured with screws/bolts, this is a stronger method of bonding but could be more expensive due to the extra parts.
[image: C:\Users\Owner\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\85343433.tmp]







[bookmark: _Toc26656538]Figure 5-Launcher frame (Andrew Everitt, 2016)
[image: ]Finally a fully metal catapult like design was created by a different team from Bournemouth university, this is strong design with less small parts as it is all cut from a metal sheet and bolted together (Lane M. , 2016)







[bookmark: _Toc26656539]Figure 6-Full Metal Launcher (Matthew Lane, 2016)
The designs seen so far are all viable and working launchers. The teams design needs to incorporate parts of each design to make it cost effective while still meeting the requirements. Using a laser cutter is a viable option but is expensive, burns the edges of the wood and is dependent on the equipment available. From that hand cutting is a cheaper alternative but isn’t as accurate. Using acrylic is a more expensive option but is able to handle more bending than wood and can be cut in the same ways as the wood. A big disadvantage of acrylic is finding the strongest way to attach it to the base. As for the bonding of the parts this is dependent on the materials the team decides to use. Using the bolt method is the strongest way to keep the wooden parts together as glue or slots could break easily. As for any metal components, welding is the strongest and cheapest method available to the team as this is something that can be done in house, however bolting metal parts together is also strong but this means buying more parts.
[bookmark: _Toc26656556]Design Specification

Each member of the team has done their research into their particular areas. We all know what our product needs to achieve in order to be successful.
1. Devices must cost less than £30 in materials.
2. All devices must be regarded as safe by the staff responsible for each team.
3. All devices must be fitted with a safety mechanism to prevent accidental firing. Each team must come up with a method of completing this.
4. The device must fit in a set volume of 600x600x600(mm) and cannot overhang at any point during the competition.
5. The device must be fixed by a launch location pin, washer and nut to the table. The device must not break free at any point.
6. Each device must have a quick and simple method of attaching and detaching the line, which should not require the use of tools. It is up to individual teams as to how this is achieved, but any coupling must not cause the device to violate the control volume dimensions.
7. Teams are advised to pay particular attention to line-management during a launch sequence. Line management devices can be reloaded, reused or replaced during a heat or final.
8. Devices must be fired remotely via a low voltage electrical switch with a minimum cable length of 2 m. The firing switch and wiring are the only components excluded from the working envelope.
9. Our device must also be viable to machine and design with respect to all our teams abilities. 
10. The barrel of the device must stay sturdy and be resistive to bending.
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