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Richard Parker 		Lateral Aiming and Range Prediction and Adjustment
Oliver Turner 			Mounting System and Systems Integration
Elliot Shaw			Power Generation and Storage
Joseph Omar 			Energy Release and Safety System
Kielder Francis 		Projectile Launch and Line Management
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The device will launch a squash ball with a line attached to it into a target with scores on it to measure accuracy and repeatability. It will have to deal with a variety of ranges and will have to be adjustable laterally. It will also have to conform to the competition rules set by IMechE.
Richard Parker
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The year 1 Line Launcher design challenge has a number of implemented rules that we as a team must follow and keep to at all times when competing and its my part of this project to make sure I fully understand each and every one. To compete in the IMechE competition the design must the following rules:
Small Table: The table provided is of 600mm x 600mm square shaped and cannot be tampered with in any way. The table is to be located between 2 to 6 metres away from the target. The range will vary and increase with every shot taken.
The Launcher will have to be attached to a fixed launch pin exactly 100mm from the far end of the table.
The Launch pin: The pin is an M10 bolt that’s glued in place with an exposed thread, the launcher must then be secured to the pin using a wing nut and washer. It is important that this area be easily accessible so the launcher can be assembled and removed with ease.
The Target: The target is a bucket approximately 720mm tall and having a diameter of 600mm, this bucket will have various further holes in the top, each for a different set of points if the ball lands inside.
Misfires: If at any point during the competition the launcher fires it will result in the team forfeiting their next attempt.
Instructions: the team will be given instructions on when to fire the device. A marshal will countdown from 3 and the device is to be fired on the word “fire”. After each shot fired the teams shall receive a signal from the marshal indicating a 2 minute window which the teams have to reload the launcher and to make any adjustments to aiming the launcher.
Elliot Shaw
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The following requirements outline what is needed from the device during use:
· The device must have a means of satisfactorily attaching any external member if required (such as a chain or line etc.)
· It is permissible to replenish the device’s energy source between heats. Competitors should consider this during their design process so as to minimise disruption to the smooth running of the event. Any team not ready to compete within the allocated time will be disqualified from the heat.
· The device may use any form of propulsion available within the cost limit. Propulsion systems may not include explosives or combustion. Devices must be regarded as safe and reasonable as judged by the member of staff responsible for the team. Consideration should be given to guarding if there is risk of entanglement or entrapment.
· If a device fails to start within 10 seconds of the START command during a heat, it will not score points for that heat.
(IMechE, 2019)
Kielder Francis

[bookmark: _Toc26744421]Production Requirements
To meet the rules set by IMechE and to be produced to a sufficient standard by the team members in the time given, these requirements must be met:
•	Device must fit in a 600x600x600mm ‘envelope’ excluding the trigger
•	Device should weigh less than 10kg - light enough for a team member to carry safely
•	Device must cost less than £30, though any parts less than 20p are considered free
•	Additive manufacturing should be costed at 10p/gram
•	Specialist tools and formers are included in costs
•	Consumables and spares potentially used in competition heats are included in costs
•	‘Off-the-shelf’ parts must be readily available in case replacements are needed close to competition heats
•	Team members must make the device fully using processes that require minimal guidance and are safe to use without supervision, these are: millers, lathes, pillar drills, 3D printing, laser cutting, glass fibre composites and vacuum bagging and hand tools
•	Assembly must be done with tools that can be taken to competition heats in case of part replacements
•	No parts from existing firing devices can be used
•	Device will be produced as a one off so no consideration to production efficiency is needed
•	A working prototype must be ready for testing on 17/02/20, 10 weeks after specification hand in
•	Final device must be ready for final testing on 02/03/20, 12 weeks after the specification hand in
(IMechE, 2019)
Richard Parker
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To ensure safe use in the competition, and to meet the IMechE brief, the following apply:
•	The device must be a safe design, also it must always be self-contained during the competition and finally it must fit within the maximum dimensions stated for the project.
•	Teams are required to supply their own PPE (personal protective equipment) such as safety glasses E.G. Teams that fail to provide suitable safety equipment will have their top heat score erased. 
•	Teams are encouraged to think very carefully about the safety. All devices must be approved by the academic staff member of the individual universities to say that their student’s devices are deemed safe to operate in the regional competition. 
•	Lithium batteries are not allowed due to the risk of fire, chemicals and explosion, but other types of safe rechargeable batteries may be used if they follow health and safety regulations and standards.
•	The use of pressurised air/gas systems are allowed but they must be declared safe and of reasonable use by the participating University and not subject to the “Pressure Equipment Directive” (directive 97/23/EC) namely volume <1 L, pressure volume<50 bar L.
•	No explosive or combustion can be used during the making or testing in this project.
(IMechE, 2019)
Joseph Omar
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To ensure the device is ready for tests on the set date, I’ve drawn up a Gantt chart so we have a schedule to work to, see Appendix 1. At this point of the process, my focus has been on identifying how to get the best accuracy and repeatability out of the design, and predicting the power and angle needed for shots, as making the system pivot securely should be easy.
To aim the ball into a target we’ll have to predict the ball’s trajectory and set the correct launch speed and angle. To do that, we will have to identify all the factors that affect the range, then put the variables into an equation to find either the launch speed or angle, and we’ll probably have to set one of them as constant. The factors that affect the range are:
· Launch angle
· Launch speed
· Energy lost to the ball during launch
· Energy lost to the barrel during launch
· Resistance from the line leaving the barrel
· Weight of the line
· The line’s inertia holding it back
· Mass of the ball
· Diameter of the ball
· Air resistance
The effects of some of these factors might be negligible, so each will have to be investigated fully. There will be discrepancies in the mass and diameters of the balls we test with and the balls used in the class tests and IMechE competition rounds if we get through, so these will have to be accounted for. We could include a way to measure these on the device, but that would come into the cost limits and we have limited time to set up and aim, so these trade-offs will have to be assessed and discussed with the team. The effects of these are relatively small too, so other areas have higher priority at this point.
Air resistance is a much bigger factor affecting the range, the equation for drag is:
FDRAG = Cd.A.ρ.V2 / 2       	where	Cd = Coefficient of drag		(NASA, 2015)
					A = Area
					ρ = air density
					V = velocity
And Work Done by FDRAG = FDRAG x distance the ball travels through.
I will have to look into this further to find all of the unknowns and find a way to calculate the distance the ball will travel through for each shot, again this will have to be done quickly in the time limit given for each shot, so I am hoping to put this and the equations to find the launch angle or speed all into one equation, so we can put a range in, and get a launch power and angle/speed out.
Energy will also be lost in the barrel in launch, so I will have to work with Kielder to discuss the trade-offs between barrel length and accuracy. There may be options without a barrel that would lose less energy, but accuracy may suffer more with these. Further investigation is needed.
Rifling the barrel would improve lateral accuracy, but the effects may be negligible for a relatively heavy ball over the short distances here. We also can’t use parts from firing devices, and manufacturing this in budget might not be possible. I’ll need to discuss this further with Kielder.
The mechanics of making something pivot both vertically and laterally from a stationary mounting system are easy if we work it as 2 separate pivot points, so I will concentrate on that when the team has a firmer idea of what our design will be. Lateral aiming is also straightforward with the use of a viewfinder, and my initial thoughts are that we could use a laser pointer to aim.
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My role in the project is to link the different aspects of the design into one product whilst maximizing efficiency, accuracy, and costings. To do this, certain things will be taken from the other group members specification will have to be prioritized. It is likely that the main instance for this will be to do with costings. The budget will have to be well allocated to get the most out of the final design. This means it is unlikely that everyone will get the budget that they need to make the project the absolute best that it could be on paper. There will also be several discrepancies where certain demands simply are not compatible, make it smaller and stronger for example. This is possible but there is always a sacrifice to be made in another area. To priorities this, a QFD (Quality Function Deployment) diagram will be utilized; an example of this is shown below. 



[image: ]
A large part of the project will be the design of the chassis itself. This job involves taking the individual parts of the project and making them fit together whilst maintaining the design criteria and rules outlined by IMechE.
These specifications are as follows. The height limitation that the projectile can ascend to shall be no less than 3m above the floor. The device must sit on a 600mm x 600mm table at 760mm above floor height, bolted down to the table via a “launch location pin” which is 100mm in from the rear of the table. The target shall be a circular container made up of several concentric rings and the distance from the launch pin shall vary from 2m-6m whilst maintaining a height of 655mm. Scoring will depend on which part of the target the ball passes through. The angle may also be altered within 0-45 degrees. (1)
There are two main variables to be taken out of these specifications. Firstly, the distance to the target can vary between 2m and 6m. The second is the angle varying between 0-45 degrees. What this means is the device must be adaptive to these criteria. The chassis itself will need to have variance to aim the squash ball at the target. The way that this is accomplished will vary drastically depending on the methods that have been selected for the other variables. If the power generation/ release is static, then it may be that the trajectory can be variable by changing the angle of launch within the chassis. It is likely that the aiming system will be adjustable by rotating the chassis to directly face the target. If this is the case, then the way that the chassis attaches to the firing pin may also have to be variable. 
	When the cad model is used to integrate all the different components of the device, the chassis will be designed around them, limited by the 600mmx600mm box stated in the regulations stated in the design brief. It is important that each section of the project operates perfectly with the other sections without impacting any other in a negative way. This will be one of the main challenges of the as everything can work perfectly independently but may not always interact positively with all other parts of the design. The design of the chassis will be very important to ensure that every part works in unison with every other part.
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As a group we agreed in a meeting that I would take on the research and specifications for power generation for the line launcher.
Types of Power generators:
· Spring power
· Gas canister
· Compressed air
· Weight dropping
Research done:
Spring Power: Looking into a spring powered mechanism the most suited spring for the task is the Helical Compression spring. (1). The reason behind this type of spring being best suited to this task is due to its shape. It can be easily compressed down inside a barrel or tube and can be released with relative ease making the whole design simpler to design.
Another type of spring worth considering is the Helical extension spring (2), in a very similar way to the compression spring it can be compressed and released with relative ease. Where these 2 differ is in the design of the launcher and the barrel. The extension style spring can be used in the same way as a slingshot where as the compression spring will vary more towards being preloaded and set pushing the ball out the barrel instead of impacting it.
[image: ](1)[image: ](2) 
Gas Canisters and compressed air: Gas and compressed launchers are way more complicated in design and setup compared to a spring design. They require a more complex trigger system and the barrel needs to be tighter and way more precise to stop air or gas being wasted and escaping therefore losing pressure. The co2 sits in a chamber which then goes through a valve knocked on by a small hammer similar to an air rifle but on a bigger scale, to then release the gas out the barrel. 
[image: ](3)        [image: ](4)
Weight Dropping: The weight dropping system works by launching a heavy counterweight where the power is transferred via a pulley system to a push device sending the ball out of barrel.
A am example of this would be the Thunder Looper attraction at the Alton Towers theme park. (5)
[image: ](5)
Weight, Sizes, cost:  Since we’ve only been given a small table of 600 x 600mm in size to mount our launcher too, the type of power will have to accommodate a smaller design. So where as a spring and co2 powered launcher may be a better option, trying to build a weight dropping system that fits on the table as well as the barrel and trigger mechanism seems overly complicated and restricted.
The co2 powered launcher may be the most powerful of launchers but it comes at a price. Being expensive, time consuming and very complicated to design a co2 powered launcher will fit easier on a small table but due to the canisters weight being 500g or 2kg for a larger bottle, it will most likely be the heaviest of the styles looked at, especially if one large co2 canister is used instead of reloading three single use smaller bottles.
A spring setup seems to be the all rounder here, light, cheap, a design can be very simple or as complex as we like. By being so cheap it allows the team to also build a prototype or two beforehand. If a larger bigger spring is used it will be a lot lighter design than a co2 powered mechanism and will be a lot simpler to reload.
Cost and availability: Checking on the web for weights, springs and co2 bottles I found that all can be purchased with ease on amazon. A pack of 10 single use co2 cartridges will cost between 9 and 10 pounds sterling, whereas a larger multi use bottle approximately 2kg in weight can vary from 30 pounds to 150. (6)
 If we look at a weight dropping system, we can either us 3 different weights or drop the same weight from 3 different heights. Depending on the weight we use almost all weights within reason, can be purchased on amazon. (7) 
[image: ][image: ]

(6)          			      (7)
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A electromagnetic lock, magnetic lock, or maglock is a  system that consists of an electromagnet and an armature plate. There are two main types of electric locking devices. Locking devices can be either "fail safe" or "fail secure". 
A fail-secure locking device remains locked when power is lost. Fail-safe locking devices are unlocked when de-energized. Direct pull electromagnetic locks are naturally fail-safe.
(Wikipedia, 2019)
Using the Biot–Savart law, it can be shown that the magnetic flux density {\displaystyle B}B  induced by a solenoid of            effective length {\displaystyle l}L with a current I {\displaystyle I}through N {\displaystyle N}NN loops is given by the equation:{\displaystyle B={\frac {\mu _{0}\mu _{r}IN}{l}}}  
{\displaystyle F={\frac {B^{2}S}{2\mu _{0}}}}[image: ]
The force F{\displaystyle F} between the electromagnet and the armature plate with surface area {\displaystyle S} exposed to the electromagnet is given by the equation:
[image: ]
In both equations, {\displaystyle \mu _{0}} represents the permeability of free space and {\displaystyle \mu _{r}} the relative permeability of the core.
Although the performance of a magnetic lock may differ due to various losses (such as flux leakage between the electromagnet and the conductor), the equations gives a good insight into what is necessary to produce a strong magnetic lock. For example, the force of the lock is corresponding to the square of the relative permeability of the magnetic core. 
(Wikipedia, 2019)
Cylinder valves open in an anticlockwise direction and close in a clockwise direction. Valves should never be opened without a regulator in place. Always open cylinder valves at a slow steady pace.

The regulator is the most important safety device to be fitted to a gas cylinder before use. It allows for the high pressure of the cylinder contents to be brought down to a safe working pressure. Regulators come as single stage for short term applications and two stages for long term applications. Regulators are also constructed from different materials, primarily brass or stainless steel. The application will define the required regulator. Regulators are designed to be fitted directly to the cylinder valve.   
(Wollongong, 2019)
A trebuchet works by using the energy of a falling counterweight to launch a projectile, using mechanical advantage to achieve a high launch speed. For maximum launch speed the counterweight must be significantly heavier than the payload to achieve said lunch speed, since this means that it will drop quickly.

[image: trebuchet launch 1]
The motion of a trebuchet during launch can become somewhat complicated and cannot be fully understood using intuition alone. Therefore, one must analyse the physics behind the trebuchet in order to make accurate predictions of where the projectile will land.
(Trebuchet Physics, 2019)
The difference between counterweight and traction trebuchets is what force they use. Counterweight trebuchets use gravity; potential energy is stored by slowly raising an extremely heavy box attached to the shorter end of the beam (primarily on a hinged connection) and releasing it on command. The difficulties of coordinating the trebuchet repeatedly makes counterweight trebuchets preferable for the larger machines, though they are more complicated to engineer Further increasing their complexity is that either winches or treadwheels, aided by block and tackle, are typically required to raise the more massive counterweights.
(Trebuchet, 2019)
For instance, we can stop the heavy counter weight by using a safety pin to stop the counter weight from dropping down avoiding any chance misfire.
[bookmark: _Toc26744428]Projectile Launch and Line Management (Kielder Francis)
The Barrel and Line System is probably the most important thing excluding the Power Generation and Storage. There can be many different sorts of barrels and ways of holding fishing line that can affect the movement of the ball as it travels through the air. 
The coil can be stacked in many ways to prevent it from overlapping when the ball is released from the launcher. If the coil is wrapped in a coil then there would be some new resistance added as the ball has to carry the weight of the line and cause the coil container to spin as well causing more resistance and therefore effecting the overall distance that the ball travels. However, if the coil in not looped around a container then there could be some unknown knots if it is suddenly fired or reloaded quickly. 
According to Line Launcher, they use compressed CO2 to fire a pod. The line is stuffed inside as they probably found that using a coil is not the most efficient and most reliable method of containing the cable. It also has a very short reload time as well, which shows that having it wrapped around a cylinder may not be the quickest way of dealing with it or that wrapping it round a cylinder may not totally effect the accuracy that much after all.
The barrel on this launcher is a cylinder about 0.6m long and has a diameter of about 90mm. The launcher is made up of various materials such as an aluminium alloy, stainless steel and plastic for containing the line.
(Line Launcher, 2019)
According to NASA, the Drag equation is D = Cd*(ρ* V^2 *0.5)*A, so for the movement of a sphere, we can assume that the surface area is constant and that the density of air is constant too, and that the velocity is reasonably constant. However, the drag coefficient may not be as I do not know much about it, and according to ResearchGate, the drag coefficient of a squash ball varies roughly from 0.38 to 0.43. From this we can work out the drag acting on the ball, and hence find the correct values to use for firing the ball towards the target. We will also have to add a bit more force as well to make up for the line being pulled by the ball. 
(Hall, 2015)
(Moria, 2011)
An alternate method of propulsion is an elastic cable and a basket to carry the payload. Take, for example, the crossbow. Maybe crossbows are too strong, however if you make some adjustments for the shape and weight its carrying and change the force acting on it, you could eventually have a good slingshot capable of firing a ball a certain distance. However crossbows fire a single arrow that does not spin, so a basket or a pouch might need to be added to prevent any spin to any side. The length of the barrel could also make the movement more accurate. Crossbows are usually longer or as long as the arrow they’re firing, but other things such as grenade launchers have a shorter barrel, but can be just as accurate. If the barrel is too long, then we can make notes on how far to pull back the basket so that it will travel the correct distance. To do this we can add some holes in the barrel and put a pin in so that the basket is locked in place and ready to fire.
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Figure 7 Correct operation of gas cylinder head valve tap

8.2 Regulators

The regulator is the next most important safety device to be fitted to a gas cylinder before
operation/use. It allows for the high pressure of the cylinder contents to be brought down to a
usable working pressure. Regulators come as single stage for short term applications and two
stages for long term applications. Regulators are also constructed from different materials, mainly
brass or stainless steel.
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Image 1: Example of QFD
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