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[bookmark: _Toc26734952]Introduction - Milena Tomaszewska

For the engineering design module, we will be competing in the IMechE Regional Competition. It is run every year by the university to educate students on how to work well in a team, and especially in a real working environment. Our team consists of five team members; Gwydion, Harry, Jacob, Jason and myself (Milena). We have all been set separate roles to make sure that the process until the day of the challenge runs smoothly, and to help that we have chosen Gwydion as a team leader to make sure that everything is done on time and efficiently. 
We will be simulating a real-life engineer situation which will help us get a real professional feel of the job, which means we will be doing the work to the highest standard possible. We are working in a team to make the best use of our working with other skills. This will require good listening skills so that we can hear each other’s opinions and consider them all. It will also require good communication. We will arrange meetings to keep up with the progress of the work we have been allocated to do. We also communicate online so that we can help each other out in the meantime. Our initial goal is to create a team that will work efficiently and well with each other and our final goal is to win the IMechE Regional Competition and design a device that will make a statement.
We will design it from scratch and manufacture it using the university’s facilities. Each team member will be designing different parts, and we will be supporting each other to make sure that every piece is done at our best. Our set budget is £30 which we will spread evenly amongst the team members to ensure an equal contribution. We will then test the device to make sure that it means the set criteria, and that it has enough potential to work in a real-life situation.
We will design and create a presentation to show off our work to the public. Every team member will be able to speak for a set amount of time and we will plan that out carefully to make sure that we keep the public engaged and that we give them as much information as possible. We will also be producing a poster to catch the initial attention. This must be colourful and eye-catching so that we gain interest in what our product is, what it involves, how it works and what it can be used for. We want to use our marketing and creativity skills to deliver the product to the audience. They will be clear, intuitive and eye-catching. Also, we want to make all the pieces very original. If people have not seen anything like this before, they will be more keen to find out more about it.
At the end of the project, we will also carry out a ‘peer review’. We will then have a chance to have a look at what other teams have created. This will not only increase our personal development, by seeing what other people’s ideas were but also allow us to judge each other to pick out the winner. We will be taking into account, their marketing products (posters, presentation) and the device itself. If it looks appealing, how well it works and if it is easy enough for others to use. The winning team will be able to then proceed to compete in the nationals.



[bookmark: _Toc26734953]Design Specification
[bookmark: _Toc26734954]Competition Requirements – Jacob Lewis
There are thousands of parts that we could be using for this project, but the issue is we have a budget of £30. This prevents us from using top of the range parts where we would know that the parts would be successful, instead it means we will have to use some of the cheapest components available in order to stay within the budget. If this project being made at such a low price, if it were to come out successful it could be very easy to make numerous line launchers and sell to the public and could make a good amount of profit because creating each line launcher would be so cheap. We would have to ensure that the line launcher can be reusable after it has launched something, this could also increase the selling price because customers will not pay a lot of money for something they could only use once. The launcher would also have to go through many health and safety procedures because we couldn’t sell the line launcher if there was an issue with it which could lead to an incident. Appearance is a big factor when marketing, no one would want a dirty or rusty looking device, to make sure that the device is appealing to look at we could do thing like paint it and make sure that there would be no cables hanging around to make it look as tidy as possible.

[bookmark: _Toc26734955]Life in Service – Jason Evans
A line launcher is a very useful piece of equipment for almost any form of outdoor or indoor employment especially on the sea when being used from ship to ship. Service life is a very important consideration for this. The main considerations that need to be taken into account is how many times the launcher is expected to be used, where is it going to be used, who will be using it, will it be mounted or handheld and chose materials and parts to fit these requirements for example the trigger mechanism could degrade over time due to corrosion and it may not hold back the launch mechanism preventing the launcher from being fired correctly. The energy storage system for the launcher is also another important consideration, if a launcher is using compressed gas to launch the projectile, and the storage system is substandard or damaged it could leak and be potentially dangerous. Therefore, the choice of materials is vital for a launcher to be durable, weather resistant, corrosion resistant and consistent. Consistency is important with any of the parts of the launcher as if the launcher is set up to fire at a certain angle and the apparatus is not consistent then the projectile will not go where you want it to. A good example of this would be the difference between an aluminium pipe for the barrel versus a PVC. The PVC pipe would have a much lower mass than the aluminium pipe however it would be much more prone to flexing and bending. Expect failure in the mechanisms and design them to be easily replaceable or repairable. One feature that would be extremely useful for a line launcher would be adaptability. This would mean that anyone who uses the launcher would need to be in any specific environment to use it, this would increase its versatility and therefore its service life. These are important factors for potential customers for any sort of line launcher because no one would want a launcher that will fire ten times before needing to be replaced. (Icbrindle.com, 2019)

[bookmark: _Toc26734956]Production requirements – Harry Grundy
The production requirements for the line launcher state that the line launcher must be able to fire from two metres up to a distance of six metres and be able to reach to any rang in between those two. It also states that the line launcher must be highly repeatable for example it does not fit the specification if we are only able to fire it five times and then need to be rebuilt, instead it must be able to perfume multiple launches with no faults or a lack in performance. Another requirement is that it should be easy to make multiple replicas for example it wouldn’t fit if it takes three months to build just one-line launcher we should be able to make multiple line launchers within that time. Looking at the brief we are limited to a budget of £30 so this makes planning and preparation key because it’s a limited budget and to be able to fit all of the specification we must prioritise spending and cut out all the unnecessary parts, but we will only find these through testing and making prototypes.

[bookmark: _Toc26734957]Conformance requirements - Gwydion Clement
The line launcher will be set up in an indoor space and ceiling height will be no less than 3m. The target area would then be placed at various distances from the device. The line launcher will be mounted on a 600 x 600 x 600 work area with where no overhangs will be permitted. Safety measures should be put in place if there is any risk of entanglement or entrapment.

100mm in from the rear most edge of work area there will be a location pin which will be 15MM long Bolt glued in place with 13MM of tread exposed. A [image: ]10MM washer and wing nut will be used to secure the device in place (Figure 1 ) it will require clear access without any disassembly of the available device.[bookmark: _Toc26610772]Figure 1 – Wing nut & Washer


A line will be attached to a yellow Dunlop dot squash ball weighing 35lb (Figure 2 )  then a similar loop will be connecting the line to the launcher. Avoiding the use of any tools the line must be attached via a simple method. No excess line will be permitted. 

[image: ]
[bookmark: _Toc26610773]Figure 2 - Dunlop Dot ball & line

A low voltage electrical switch must be used along with a 2m cable to distance the operator from the launcher. No firing mechanisms can be used off pre-existing devices. Explosive charges and combustion cannot be used. however Pressurised air and gas can be allowed if they have been declared safe by the university. 



[bookmark: _Toc26734958]Research
[bookmark: _Toc26734959] Mounting System, Systems integration – Gwydion Clement
Looking at current line launchers on the market it is evident that they are primarily designed for handheld use (figure 3,4) Considering that the line launcher must be fired remotely these will not be beneficial to us as the devise must be able to be free standing. 

[image: ]
[bookmark: _Toc26610774]Figure 3 - (rl-series-line-launcher, 2019)
  [image: ]
[bookmark: _Toc26610775]Figure 4 (big-launcher-kit, 2019)
  
Due to the angular need of the mounting system research was carried out into mounting systems used for solar panels on roofs. (mounting-systems, 2019) a solar power mounting system company have many models designed for various angles. Looking at some of the ones that are designed to be on roofs such as the Sigma I XLALU  (figure 5) that boasts that it is suited for uneven terrain with its adjustable connection between the rafter and the module (SIGMA I XL ALU, 2017).

[image: ]
[bookmark: _Toc26610776]Figure 5 - (SIGMA I XL ALU, 2017)

[bookmark: _Hlk26534985] This specific design could be applied to the line launcher using the same clamping system that it uses on the frame (figure 6)

[image: ]
[bookmark: _Toc26610777]Figure 6 – Module Clamp (SIGMA I XL ALU, 2017)

To remain within budgets and specs however a more cost-effective material should be used. Looking at a line launcher design show of 2016 competitors have opted for a mounting system made from MDF (designshow2016/year-1/line-launcher/, 2016) .  
(Irle, 2017) states that MDF has surface densities of 10Q0kg/m3 (62.4lb/ft3) which go 1 to 2 mm into the panel. The wood fibres are 100 times longer than they are thick so with evenly distributed adhesives it allows MDF to be much stronger than other options. This density profile allows for beneficial bending properties as stresses are at their highest on the surfaces. In turn this helps tackle any deformation that may occur along with being very scratch resistant (Irle, 2017).
(Thompson, Ansell, Bonfiels, & Dinwoodie, 2002) found that when comparing the mean bending strength in MDF, OSB and chipboard that that they would decrease in that order. Although the variation of bending strength in OSB was much more than in the other two (Thompson, Ansell, Bonfiels, & Dinwoodie, 2002). With low stress levels the MDF was shown to be the most inferior of the three however with absolute applied stress it proved to be by far the most superior of the three (Thompson, Ansell, Bonfiels, & Dinwoodie, 2002). With this in consideration and considering the low cost of MDF a design incorporating an MDF mounting system should be taken into consideration. 

[bookmark: _Toc26734960][bookmark: _Hlk26376499]Power Generation and Storage System – Jason Evans
There are many different methods that could be used for power generation. There are friction-based launchers, combustion-based launchers, potential energy launchers as well as compressed gas-based launchers to name a few, with each of these they have their own power generation and storage methods.
	
[image: C:\Users\Jason\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\BB6F745C.tmp]
[bookmark: _Toc26610778]                                              Figure 7
A Friction based launchers power is transmitted directly to the projectile or object/objects that are being propelled. As an example, some ball launchers (used by some big football teams like Manchester city, Chelsea and Arsenal) use this type of launcher. They use two friction wheels with the ball compressed between them, it is then either, pushed into a tube or guided into an aperture that it will be launched from. (Instructables.com, 2019).		
		[image: ]
[bookmark: _Toc26610779]Figure 8
 Examples of this method can also be seen in the launch mechanism for certain rollercoaster, for example the Incredible Hulk that was at Universal’s Islands of Adventure used this method to accelerate the rollercoaster from zero to over 17.88m/s in 2 seconds. (Coaster101, 2019). The power storage for this method is straight forward with the wheels storing large amounts of kinetic energy which gets transferred to the ball when it is launched.						

						[image: C:\Users\Jason\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\9BF81443.tmp]
[bookmark: _Toc26610780]                                                                                                                Figure 9
	Combustion based launchers rely on either a chemical reaction started by an ignition source or a combustible gas being ignited. Either way both methods create a pressure wave which would launch the projectile/object. The best example for the first is a cannon, in its most basic form it is a tube with one open end and on the closed end there is a hole for a fuse. Gunpowder is inserted and lightly pushed down to the closed end with the projectile pushed onto the end of it (facing the open end). Once the gunpowder is ignited, the gasses are released at such a fast rate that the pressure wave launches the cannonball out the open end. (Garden et al., 2019). Gunpowder storage would be hazardous but not difficult as it is quite stable. If it is kept in a dry, non-flammable container it should remain safe and all the power is converted from potential chemical energy to kinetic energy from the gunpowder after its ignited. 
[image: Related image]
[bookmark: _Toc26610781]Figure 10
Potato launchers are good examples of a combustible gas launcher with a similar set up to a cannon, the difference being the ignition would take place in a combustion chamber and there would be a combustible gas as a fuel source instead of the gunpowder and an electrical ignition source (for example an oven ignition with 2 electrodes in the chamber to create the spark) instead of a fuse. (Garden et al., 2019). It still relies on an expanding pressure wave to launch the object/projectile however, unlike the gunpowder which can be measured quite accurately, the combustible gas would rely on stoichiometry which can be difficult to get right. (Breslyn.org, 2019). The combustible gas can be contained in several different ways, but all would mainly be pressurised containers. Lighter gas cans, campfire stoves and even gas bottles for caravans contain combustible gas and these are stable containers for these combustible gases. These gases could be transferred to the barrel through a series of interconnected pipes and safety valves.
	
[image: C:\Users\Jason\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\239B2BB6.tmp]
[bookmark: _Toc26610782]                                             Figure 11
Potential energy launchers are the earliest form of ballistic launcher, the perfect example is a bow, once the string is drawn back the potential energy builds within the limbs of the bow until the string is at its maximum draw. Once the string is released the projectile is launched forward. The storage and transfer of the power in this method is very simple and it involves just the pull back and release of the string as mentioned.
	



The final method on the above list is the compressed gas method. With compressed gas the process involves using the compressed gas to propel the projectile out of a barrel or vessel. 
[image: C:\Users\Jason\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\2F0EA934.tmp]
[bookmark: _Toc26610783]                            Figure 12
One of the simplest examples of this is a spud gun, where a piece of potato is lodged into the end of the barrel with gas trapped in the barrel. Once the gas begins to be compressed (how the gun is fired) the pressure builds behind the potato “plug” until the pressure is enough to overcome the friction holding the piece of potato in place. Another example is an airsoft gun which works using a spring-loaded air pump which is either electrically, pneumatically or manually cycled. The pneumatic powered version normally has a pressurised CO2 canister that is attached to the airsoft gun and can be easily interchanged when they are depleted, it is the CO2 the launches the projectile. On the other hand, the electrically cycled versions are powered by batteries but it cocks the gun mechanically and the energy is stored in a spring to launch the projectile. The batteries that power this version are readily available and easily interchangeable and finally the manually cycled version is essentially a manual version of the battery version. (Just BB Guns, 2019)

[bookmark: _Toc26734961]Energy Release (Trigger) and Safety System – Harry Grundy
For the Energy release system our first idea was to use a simple boiler switch which would give a spark to a chamber of which we would fill with a flammable gas, this idea is great because you can run the wires to a safe distance away you can also connect a manual safety switch so there will be no spark at all without completing the circuit as the switch opens the circuit this idea is good because its easily repeatable it has a manual safety, you are able to stand far enough away that you will be safe from any malfunctions that could occur. Another energy release system could be having a can of co2 gas with a secondary chamber to release a set amount of co2 gas into, to enable you to release the amount of gas you want in a very short space of time, by having a secondary chamber it will allow us to be able to adjust the amount of gas we need allowing us to reach a range of different distances. Another system could be to use a spring, we could use a tread to compress the spring down giving us power to shoot the line, in order to access the variety of different ranges we would use different strengths of spring along with different sizes, this would allow us to reach to a range of different lengths which would fit into our specification, to be able to release the spring we could use clips that pop out to hold the spring down into place and then we could have a motor attached to the side with gears and arms so as the motor winds the gears the arms close allowing the clips to be compressed and releasing the spring firing out our projectile. Another way could be to have a spring on a plunger type device so you’d pull the plunger through a base creating tension upon the spring the plunger would have markings on to enable us to get the correct tension for the distance, we would then release the plunger firing out the projectile, by using a plunger we can lock it into place by a small pin the is easily removed as its key to release this stored kinetic energy in a short space of time almost like an explosion of power as this quick burst allows us to get the speed and power we need to reach our target.

[bookmark: _Toc26734962]Lateral Aiming and Range Adjustment System – Jacob Lewis
[image: ]With the device we would be using the way it will be on the stand it is going to be a lot like a mortar and hopefully use the same sort of aiming mechanics as an artillery with the use of ‘aiming point’. The line launcher will be set up on stand which would allow you to change the angle of the launcher. With mortars they would sometimes calculate the range by simply firing the mortar and seeing where the shell landed, they would then decide whether to increase or decrease the range, unfortunately we would not have this option because we are only allowed to fire the launcher 3 times, so it would be very difficult to get an accurate shot with only 3 attempts, therefore we would have to actually calculate the range. Another form they use is by calculating the trajectory, elevation and the wind. If we were to use something such as igniting compressed gas to fire the launcher the amount of gas that goes into the launcher will obviously control the range. We would have to get a dial for the chamber where all the gas will be stored and test the launcher before our attempts to calculate what amount of gas leads to what range. By doing this it should make it quite simple to work out our range on the day. Things such as wind would be almost impossible for us to predict because of how often the wind strength changes. The angle could be a big factor, the most ideal thing would be to have the launcher at a high angle there for the ball we will be launching thill drop into the target, rather than the ball hitting the target and a fast speed and will have a big effect on the accuracy. An option would be to keep the angle at a specific lace and only adjust the range. Doing this would save a lot of time while setting up our first shot. If we were to use a long, straight pipe as a launcher just by looking down the pipe you will be able to tell if the launcher is facing the target (how-is-a-mortar-aimed, 2007).[bookmark: _Toc26610784]Figure 13


[bookmark: _Toc26734963][bookmark: _Hlk26376159]Projectile Launch and Line Management – Milena Tomaszewska
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