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1.0 - Power Generation and Storage System  
Ross Bendon (1901002)
Power Generation and Storage System

The responsibility of the Power Generation and Storage System member would be to create and develop a safe source of power to allow the projectile launcher to be fired. Considering the configuration and compatibility needs to work with the other components efficiently. The power source must be reliable for it to work repeatedly, the service life must be long and easy to swap out spent or broken pieces.
Power storage must be mounted securely to the launcher in an accessible location and the components of the system will need to be widely available for all users.
Research

Function
The power generation and storage system must safely store and deliver power to the projectile launcher.
Construction, Materials and Safety
As stated in the IMECHE General Specification (2019), lithium ion batteries are not approved because they pose a risk of fire and explosion therefore another alternative solution would have to be found whether it be a different material within the battery or a different system altogether.
Pressured air could be used although that would be included in the projectile launch sector and we would still need some sort of electrical power for the trigger and safety mechanisms to work, there is also some element of danger when using pressurised air, also stated in the IMECHE General Specification (2019) are guidelines to what the maximum volume and pressure can be used.
From researching different battery options to use, zinc chloride or alkaline batteries seemed the next best and safer alternative to the lithium ion counterpart. Zinc chloride batteries were an improvement on their former selves being zinc carbon with improved low temperature performance and roughly 1.5 times larger capacity but this battery is more suited to low energy appliances (Panasonic Batteries). Alkaline batteries are again, a step up in performance having 3-5 times greater power output and an extremely low discharge rate of approximately 5% per year which means that if the launcher isn’t used very frequently then it would prove better in retaining its power than the zinc batteries, the alkaline battery also has great performance in high and low temperatures (Turbo Future, 2019)
I also explored a sodium-sulphur battery which have extremely high outputs and a long shelf life but are only usable in high temperatures of 300-350 degrees centigrade because the sodium needs to be in a liquid state for the reaction to take place (Science Direct, 2019), they also pose a risk of safety if any are faulty as shown in the NGK electricity storage fire in 2011 as 1 single cell leaked molten material setting off a chain reaction of batteries exploding, further safety measures were put into place after this accident (NGK INSULATORS 2012) so it would not be reasonable to use these batteries.
Continuing with the pressured air idea, a chamber could be created in the barrel with an electric solenoid valve controlled by the trigger mechanism for when the air is released. To pressurise the chamber a foot pump could be used with a built-in pressure gauge so the chamber can be pressurised to the desired amount depending on the range of the target in conjunction with a tyre valve so the air cannot escape back out of the chamber.
What could make this project fail?
This project could fail if the power storage system could not hold the energy efficiently leaving the projectile launcher with not enough energy to power the launcher to its full working potential or even at all, the system would be almost useless if the power source had a large discharge rate.
It could also end in failure if weather conditions affected the performance of the projectile launcher therefore the power generation and storage system must be protected securely from rain, snow or extreme temperatures within reason.
If the system didn’t comply with current legislation, then it would mean that the product cannot be manufactured so that would also result in a failure.                                                                                                                    





2.0 - Energy Release and Safety System
Harley Bates (1800078)
Trigger / Release (depends on how it’s going to powered)
Mechanism options One option for this is to have a Schrader valve on the bottom of cylinder the ball would go in (the cylinder would have to be just a tiny bit larger than the ball as it would need to make a seal) then you would get a bike pump and add air to build up the pressure(tests could be made to work out the amount of pressure needed for different distances) and when ready the button could be pressed to activate a solenoid to release the ball.1 
Reliability: 1. The issue with this one in terms of reliability is that if the seal is not made then the device would be useless and it would not be able to project the ball as the air would leak out . 
Forces/loads and the effects of vibration, 1. Vibration may break the seal as the movement therefore this would need to be tested to see up to what force it can still function. 
Material selection for mechanism elements. Schrader valve as this is a one way valve that will hold the air in. solenoid actuator would need wire coils to make the electromagnet  or if springs where used then two springs pre made would be needed, 

 Safety System (to avoid miss-fire) 
[image: ]Methods: A safety trigger could be added therefore a switch would have to be flicked or a second button would have to be help at the same time to activate the firing button(this would work by wiring the buttons in series with a LED in the middle to indicate that the button is now live.), On top of this there could be the wires that are from the remote to be not connected until it is ready to be used, this could be achieved by having two wires with crocodile clips on so the wires can be connected quickly and safely,  the wires would need to labelled clearly to insure no short-circuit or it can be made so it can be connected both ways. (the issue with this would be that an LED is a Diodes which would mean the current would only flow in one direction.)  
Reliability: With the reliability of the safety system as long as the plate is inserted correctly and all the way then there should be no issue with it but there would need to be a few test done to work out the material that is needed, as it will need to be able to take the shock of being fired at by the ball, without snapping or letting the ball past or damage the barrel, we would need to do serval test on the same piece as it would need to reused in case of a misfire and no not be brittle or spares would need to be made so that it could be replaced.
Fail-safe – (auto-auto): A Possibly would be to make a small cut, around 10mm from the top of the barrel and insert a plate which would close the barrel off. The plate would only be removed when the line launcher is on the launch pad and ready to be fired. Therefore, if something was to go wrong and the system fired the ball would not be able to leave the camber.  

3.0 - Lateral Aiming and Range Adjustment System
Evan Morcom (1802426)
System Concepts  
Inspiration from mortar launchers and framework from adjustable inclined planes. The reason for looking into mortar launchers as they are used in close quarters and have high accuracy. The mortar launchers have been used in military combat for close quarters and have been around since the 1890’s first created by Baron Menno van Coehoorn, a Dutch soldier and military engineer. We started looking into the adjustable incline planes as they have an ease of adjustment with the angle already plotted, this will help up us with our testing and quick adjustment to make the shot on target.
Lateral adjustment increments 
For the lateral adjustment we could be using a slotted plate design which is used to adjust the angle on the adjustable inclined plates, this can be mounted horizontally rather than vertically, giving the line launcher the adjustment to pivot from a fixed point whilst sliding along the plate with accurate markings on the plate. A simple bolt can be used to secure the line launcher into place ready to arm and fire a shot. 
Range adjustment increments 
For the range adjustment we will be using a fixed point on the base however the support will be able to slide up and down, thus changing the angle of the line launcher. This idea has come from using the mortar launchers. A tripod could also be using although we still need the fixed point to pivot to work with the lateral adjustment.
The sliding up and down support can either be held in place with a pin that slides all the way through or a grub screw. 
However, we have also thought looked into using a pressurized system instead of a traditional spring mechanism. Using the pressurized air to fire the squash ball, we can change the range by changing the pressure within the cylinder that will power the ball/ we can check the pressure by implementing a pressure gauge into our design as well as checking the gauge on the device we use to pressurize the system, this will more than likely be a bicycle pump.
Predictive settings 
For the predictive settings, we will carry out testing and try and calculate angles for different target distances, if we are not close with our parameters, we can always increase the fire power. We can also do extra research into equations for projective motion, knowing these numbers will help us set up our line launcher and give us a strong idea of what angles to set up or changing the power we fire with rather than starting with nothing.
Rigidity and stiffness  
To combat flex and or distortion in our design. We will try to incorporate triangles into our design as these are a fundamental shape which give rigidity and stiffness into structures. A well-balanced base plate will be critical as the kick back from firing the ball may cause enough kick back to unsettle the line launcher. We have researched and learnt this from designs in mortar launchers. The materials that would be ideal and easily accessible would be mdf board, aluminum sheet and pvc piping. These are available from builders’ merchants and other local retailers. Fixings can also be purchased from these same retailers, making fastening certain parts of our design together. We will make the most of our available space to build and use our line launcher to be as stable when firing and rigid to prevent any structural damage that could occur from kickback.
As previously mentioned, a main triangle base would be ideal as this will boast rigidity in our structure. While working within the specification. 


4.0  - Projectile Launch and Line Management 
Joe Hodgson (1902713)
Muzzle features
The barrel of the launcher must have a greater diameter than 40mm otherwise a squash ball would not fit inside or be able to travel through the barrel. The ball must be able to travel through the barrel with as little resistance as possible otherwise this may affect the flight path and speed that the ball exits the barrel at. The best diameter for the barrel would be 42mm to give optimal accuracy and little resistance.
https://www.sportsballshop.co.uk/acatalog/Squash-Ball-Buying-Guide.html
Material selection
PVC is an ideal material for the barrel as it is light and easy to manufacture. It is also easy to assemble if there are multiple joins as it requires no welding. It is also very cheap and easy to obtain. PVC will have little friction between the pipe and the ball. However, PVC is not the strongest of materials that can be used and is susceptible to bending under high loads.
Galvanized steel pipe is another good material for the barrel as it is strong and one of the cheapest steels to acquire. Its responds well to high loads with little flexing or cracking and does not corrode quickly. However, it is more expensive than PVC pipe and a lot harder to machine and construct because of the need of welding.
https://www.industrialmetalsupply.com/blog/choosing-right-material-metal-piping-vs-plastic-piping/
Life-in-service requirements
Servicing the barrel would require little effort. The main problems to look out for are wore edges that can either cut or wear the wire. Also, depending on what material the barrel is made from, corrosion or rust must be monitored as the barrel surface may develop a rough surface causing friction. If these problems occur the barrel must be replaced as these can cause serious problems when the line launcher is used.
Entanglement avoidance
Slack in wire is one of the main culprits of entanglement. Ensuring the line is not slack would decrease the likelihood of entanglement. In nylon fishing line, if an entanglement does occur, stretching the wire can decrease the chance of this happening again. Another way to stop entanglement is to insert grooves in the barrel to keep the line reeling out and in to a specific point. This would keep the line straight and may help with keeping it tight when reloading. Also, making sure the line is correctly wound round the reel can help as this makes sure the line does not already have knots or entanglements within it.
https://www.liveabout.com/avoid-line-twist-snarls-and-tangles-1310819
Drag/loss reduction
The main reasons for drag would be from the line and friction inside the barrel. The friction of the barrel has already been discussed in the material section. To decrease drag from the line attached to the ball the line must be able to reel out easily as well as the reel being able to spin. To allow the reel to spin freely to allow the wire to unravel ball bearings can be used. These allow the reel to stay firmly attached to a structure whilst allowing it to spin freely.
Rewinding/resetting/reloading
A handle reel can be used for rewinding as it’s an easy way to control the speed that the wire is winded onto the reel. These can typically be found on fishing reels. These require little maintenance and are easy to operate. Drawbacks from a handle reel is that it needs room to operate. This can be overcome due to the handle being able to be mounted either side of the reel. Also, the handle could affect the speed at which the ball is fired as it may cause more resistance. This can be avoided by having a detachable handle.
https://www.amazon.co.uk/Screw-Rotary-Foldable-Handle-Fishing/dp/B007SVFS74

5.0  – Design Specification

Key:
0 – Low Priority
5 – High Priority
	Performance Requirement
	Design Requirement
	Design Specification
	Priority

	Reliable power source
	Consistent power availability
	Small discharge rate
	5

	Minimum maintenance requirements/ Cost of repair
	Easy to maintain and repair
	Cheap and easily available parts
	4

	Last a long time
	Good length of life
	Lasts >20 uses
	2

	Environmentally viable
	Some recycling or re-usability
	Recyclable batteries
	3

	Last for multiple uses
	Can be reloaded and fire again
	At least 20 + uses
	2

	Big scale production/manufacturing
	Possibility of large-scale production
	Readily available parts at a low price
	3

	Reliable wire reloading
	Little or no chance of entanglement
	Maximum 2 minutes to reload
	5

	Usable in harsh weather
	Can perform in harsh weather consistently
	Protected or hard to corrode materials used.
	3

	Unrestricted barrel
	Can fire ball at optimal speed and angle
	Barrel is accessible to remove blockages
	4

	Be able to be hit target at different distances and angles.
	Easily and quick adjustability
	Quick adjustment
	4

	Must fit on Firing table via location bolt.
	Must fit within 600 x 600 x 600mm area
	Fit within the design requirements
	5

	Appearance should not interfere with workings of launcher
	Should look presentable and professional
	Finished design should look professional and not foul the launcher
	3

	Must have a system to prevent misfire or entrapment
	Safety switch to be implemented and all moving parts to be covered by guards
	User should be safe at all times when using the line launcher
	5
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