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[bookmark: _Toc31618254]Section 1 – Power Generation and Storage (Thomas Crocker)
[bookmark: _Toc31618255]Section 1.1 – First Concept Design 
The first design idea is a crossbow-like system, taking inspiration from Bournemouth University’s 2016 entry shown in figure 1. The squash ball sits in a cylinder, which also sits inside the barrel, and is propelled using two bungee cords attached to an arm on either side of the barrel. 
Figure 1 – An image of Bournemouth University’s 2016 entry into the IMechE design challenge (Hopkins, Huish and Irving, 2016)











In the team’s design, the ball will sit in a small plastic bowl like device, which will then sit inside the barrel. The device will have two holes either side of the ball, from which a length of elastic cord will attached to a piece of metal either side of the barrel. These pieces of metal will act as the “arms” of the crossbow. To generate the power to propel the squash ball, the housing will be pulled back into the firing position and held in place by the firing pin along with a secondary pin acting as the safety system. 





Figure 2 – A rough technical drawing of the first concept design for the power generation and storage systems








To decide on what materials to use on the elastic cord, the elastic potential energy must be considered. Elastic Potential Energy (PEE) is the energy stored as a result of a force being applied to deform an elastic object (Khan Academy, 2019). This PEE can be calculated using the equation:

Where k is the spring constant of the material and Δx is the extension of the material in metres. The first material to be considered is the rubber band. Using equation 1 and the knowledge that the spring constant (k) for an elastic band is 45N/m (Study.com, 2012), the elastic potential energy of the rubber band at an extension of 0.3m is calculated to be 2.025 joules. Another material under consideration is bungee cord. Again, using equation 1, and the knowledge that the spring constant (k) for a bungee cord is 100N/m (MyTutor, 2013), the PEE of the bungee cord at the same extension is 4.5 joules. 
This design could be useful as it can easily work alongside the designs for the range adjustment system. However, manufacturing the crossbow arms to be strong enough to withstand the forces involved in firing the squash ball could be difficult. Despite this, the cost for this design would be relatively low with the total material costs coming to between £5 and £10. 
[bookmark: _Toc31618256]Section 1.2 – Second Concept Design 

The second concept design takes its inspiration from a separate Bournemouth University design mimicking a catapult. In this design, the squash ball sits in a cradle and is fired by a spring-loaded arm that will pivot about a point and propel the ball towards the target. 
Figure 3 – An image of Bournemouth University’s Catapult Design (Keech, Lane and Long, 2016)












For the team’s design, the squash ball will sit inside a shallow cylinder, as seen in figure 4, made of plastic. This cylinder will be on the end of a long metal beam that will also attach to the power generation system. The power will be generated using a spring-loaded system that will, once triggered, release and pull the arm up, firing the ball towards the target. 
Figure 4 – A rough technical drawing of the second concept drawing for the power generation and storage systems










This design will be easy to manufacture and a relatively low-cost solution for generating power. Despite this, the design will struggle to fully collaborate with the range adjustment system as, to generate the correct amount of power, the spring must be fully extended. This, therefore, doesn’t give much leeway for the range to be adjusted properly. 

[bookmark: _Toc31618257]Section 1.3 – Final Design
The final design, shown in figure 5, will be similar to the first concept design but with small changes to accommodate for the other team members designs as well as the problems that arose from the original concept design. 
Figure 6 – A rough technical drawing of the complete final design for the power generation and storage systems










The squash ball will sit in a cup-like mechanism, which will have a small plastic bar protruding out of the barrel on either side that a bungee cord will attach to. This cord will then run up and attach to two arms either side of the barrel. To generate the power, the storage device will be pulled back and held in place by the firing pin. Using the bungee cord will generate 9 joules of elastic potential energy and using the law for the conservation of energy, which states that energy cannot be created or destroyed only transferred (ThePocketLab.com, 2017), the assumption that all of the PEE will be converted into kinetic energy in the process of firing the squash ball can be made. 
This is the perfect design for the job as the cost of materials can be kept relatively low, with the cost of two small bungee cords, small sheet of plastic and another small sheet of metal will be quite low. In fact, the costs can be cut even more by recycling and adapting a bottle cap to use in the storage system. During the building and testing phase, careful consideration must be taken to try and reduce the frictional drag between the storage device and the barrel itself ready for the competition. The inside of the barrel will most likely need to be lubricated to avoid the friction from the storage device rubbing against the barrel affecting the overall power output of the launcher. 


[bookmark: _Toc31618258]Section 2 – Safety and Trigger Systems (Thomas Crocker)
[bookmark: _Toc31618259]Section 2.1 – First Concept Design

This first concept design uses the crossbow design and the concept also makes the assumption that there will be a barrel involved in the overall line launcher design. 
Figure 7 – A rough technical drawing of the first concept trigger system 












The design involves a pin fitting into a hole in the storage device to hold the storage device in the firing position. Once the trigger is activated, a motor will pull the pin out of the storage mechanism and then fire the ball. For the safety system, a set of LEDs , powered by a battery, will sit along the outside of the barrel to indicate whether the launcher is active, indicated with red lighting, or when the launcher is safe to approach, indicated with green lighting. 




Figure 8 – A rough technical drawing of the first concept safety system 







This is a good concept for the trigger system as it will be cheap to make. The most expensive part of the design will be the motor, which will cost around £3 (RS-Online.com, 2011), with the rest of the parts (metal, wiring, solder) coming to around £5. In fact, the cost could be cut again with the use of wooden dowel instead of the original metal. As well as this, the safety system will be cheap to make as the cost of a few LED light bulbs will only come to around £2. Despite the low cost of this design, it will be difficult and time consuming to manufacture because the concept requires a lot of electronics work that will take a while to do. On top of this, the concept will be difficult to integrate with other areas of the launcher, for example the line management and storage systems. The designs for both the storage and line management systems will need to be altered to allow for this design. 

[bookmark: _Toc31618260]Section 2.2 – Second Concept Design
This design also assumes the use of the crossbow design mentioned in Section 1.3 as well as the use of a barrel. 
Figure 9 – A rough technical drawing of the trigger system for the launcher








With the storage device pulled down, a strap on either side of the barrel will cover the bars that protrude from the storage device. These straps connect on one side to the base and on the other side to 2 clips. When triggered, these clips will release and fire the ball towards the target. The safety system will be a cover that fits inside the barrel and prevents the ball from being fired. 
Figure 10 – A rough technical drawing of the second concept safety system










This is a good concept for the trigger and safety systems as they will be cheap to manufacture, with the cost of the materials and electronics being around £5-10. Despite this, finding a material strong enough to use for the straps, that also keeps withing our £30 budget will be difficult. As well as this, the design will struggle to fit around other areas of the launcher as the designs for both the chassis and the barrel will need to be altered for this concept to fit in. 
[bookmark: _Toc31618261]Section 2.3 – Final Design
This final design will be a combination of the two concept designs, utilising the strengths of both concepts. 





Figure 11 – A rough technical drawing of the final design for the trigger system










The design will use two firing pins, one on either side of the barrel, that will sit over the two bars that protrude out of the barrel to hold it in place when in the firing position. When the trigger is activated, an electric motor will retract the two pins and fire the ball towards the target. This is the perfect design for the trigger as it will be cheap to make, with the cost of materials totalling to around £8. The safety system will be the LED system designed in Section 2.1. A set of LED bulbs will line the barrel to show when the launcher is primed, indicated with a red light, and when the launcher is safe, indicated with a green light. This is the perfect design for the safety system as it is a simple and clear way to show if the launcher is safe. As well as this, the cost to make the system will be quite low, with the total cost for this system coming to around £4. However, during the testing and building phase, the design may need to be altered to collaborate with the other areas of the launcher better. 
Figure 12 – A rough technical drawing of the final design for the safety system







[bookmark: _Toc31618262]Section 3 – Chassis (Tamzyn Davis)
This section of the report is to show design ideas and final design of a line launcher chassis.
[bookmark: _Toc31618263]Material Pricing
MDF: W-0.61m L-1.22m T-0.09m £8.65   (Smooth MDF Board | DIY at B&Q, no date)
Sheet Steel: W-0.5m L-1m T-0.01m £25  (Steel Panel | DIY at B&Q, no date)
Wood Screws: D-5mm L-30mm £2.10 for 20 (Diall Zinc plated Carbon steel Wood screw | DIY at B&Q, no date)
Wood Glue: 118ml £3.99 (Gorilla Wood Glue | DIY at B&Q, no date)
[bookmark: _Toc31618264][image: ]Base
Figure 1 - Base design
The base is a simple part to design for the line launcher. The best and most cost-efficient design is simply a block of wood or metal. This design spreads the weight and forces across a larger surface area making it more stable when stationary and when firing. As per the regulations a hole will be drilled into the base to bolt it down to the table and will provide a pivot point for lateral aiming.
The material used for the whole design will be chosen based on budget and strength. It needs to be as cost effective as possible (see material pricing) while still having enough strength to cope with the firing. This means the best material for this application is wood because it is cheaper than steel but still a strong alternative, it is also easier to bond together as glue can be teamed with screws.

[bookmark: _Toc31618265]Design 1
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Figure 2 - Design 1 with support poles
For the first design, two supports have been incorporated. These are also made wood for the low cost and it is strong enough for this application. These two posts have equal height holes drilled near the top for the barrel to be held up and steady. To mount the poles, a hole the same diameter and 1mm deep will be made and the pole glued in, this could be changed for screws for extra strength, but this is more expensive. However, this design does not account for the range adjustment so this will need to be added to the future designs. 



[bookmark: _Toc31618266][bookmark: _GoBack]Design 2
[image: ]
Figure 3 - Design 2 with aim adjuster
The second design keeps the two poles from the first design for the initial height but at the rear it has the addition of a simple height and range adjuster. These are just two blocks of wood with a section cut from the centre. This design incorporates everything that is needed for the launcher. However, as these parts are all singular pieces of wood, they have a higher chance of breaking. So, an alternative method of incorporating these into the design will need to be designed. Another disadvantage of this design is the adjuster being on the rear as this gives limited range of adjustment. 
[bookmark: _Toc31618267]Final Design 
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Figure 4 - Final design
The final chassis design has changed some of the disadvantages of the previous designs. The singular poles have been replaced with one section of wood with a curved section cut out for range adjustment, the other end has a pivot point for the barrel. The bigger sections of wood give it extra strength to withstand the firing forces and the larger range adjuster cut out allows for larger adjustment for longer range, to mount these larger sections screws would be used underneath with the possibility of glue adding extra strength. A disadvantage of this design is the cutting of the wood into this shape and cutting out the adjuster curve, this would mean laser cutting, which is expensive, however this could be done in house which takes the cost away.

[bookmark: _Toc31618268]Section 4 – Line Management and Barrel (Dan Morris)
My job for the group was to design the Projectile Launch and Line Management systems. I have done research to find the optimum setup for a barrel and line management system. With respect to the overall system of using a small holder system to encapsulate the ball within a barrel, my options were limited. 
[bookmark: _Toc31618269]Line Management System

There was only one design path I believe I could’ve gone down to fit the requirements of the device. I have decided to go with a fishing reel like system with a wheel connected to a rod and which the line will sit on. Using the wheel to turn the rod, and therefor reel the line/ball back into its original place. 


[image: ]
Figure 1-Technical drawing of line management system
[image: ]
Figure 2-3D model of the line management system



It’s clear by the drawings and the 3D model of how the system will work. There is a requirement that needs to be adhered to for this system to work. And that is the ball holder to have a hole in it, in order for the line to go through and this be attached to the rod between the two sidewalls. If this can be adhered to, this system will work. In order for the device to be as efficient as possible, the entire system needs to be made as light as possible, in order for the ball to travel for enough when the line is attached to the rod. We will need to use light materials such as acrylic (which is what we will use) to have the lightest wheel and rod possible. Using this method, the line should have minimal drag. There is no possible way we can have no drag in the line as we would need a material with no mass, which can’t exist for a solid body. This system should have minimal entanglement. This is because during the firing and rewinding/reloading processes, the line will be fully extended, and fully coiled in the same way every time. I have done this by having a small area between the sidewalls for the line to sit, so it can’t get tangled across the rod
[bookmark: _Toc31618270]Barrel

[image: ]
Figure 3-Technical drawings of barrel system


The barrel system had to be adapted for the power generation method we will be using, which is using bungee cord to generate a tensile force within the cord to contract when released, sending the ball in the trajectory of the barrel. A barrel is used to increase the accuracy of a projectile, so the main design factor I needed to think about was how to increase the accuracy of the shot. There are 2 features I can change to alter this, the diameter and the length of the barrel. 
[bookmark: _Toc31618271]Diameter

The diameter of the barrel has to be larger than the diameter of the ball in order for it to fit within the barrel. So I decided to have a 2mm larger diameter for the barrel. This is because I want the ball to have enough room to not create friction with the sides of the barrel, as this would result in varied shot range due to energy loss. Along with having the barrel tight enough in order to give guidance to the ball, as having a larger diameter may result in the ball not being guided by the barrel, eliminating the point of the barrel in the first place. 

[bookmark: _Toc31618272]Length

The length of the barrel determines accuracy and also velocity. If the barrel is long, then this results ultimately in better accuracy but lower velocity at the end of the barrel, due to higher energy losses in sliding friction along the barrel. With all this in mind, I have decided to go with a rerlatively short barrel. This is because of the scale of the process. Were not firing a small bullet 900+ ft, otherwise the length of the barrel would have to be a much greater research matter, but as we only have to fire a ball 2-6m, the length doesn’t matter so much. With this, we can buy a shorter PVC tube (PVC because its easy to buy, cut and deform to our liking but it has good structural rigidity) which will save us money, as we only have a £30 limit. 
Referring to figure 3, there are two side holes along the barrel. The longer one is there in order to get the bungee cord into the barrel and attached to the ball housing. The smaller hole is for the line management system rod to fit into. 



[bookmark: _Toc31618273]Section 5 – Lateral Aiming and Range Adjustment (Hussain Khan)

[bookmark: _Toc31618274]Section 5.1 – Introduction

For this assignment I have been asked to write a report on my designs for the ImechE Challenge. I needed draw my final design as a technical drawing. My chosen area was Lateral Aiming and Range Adjustments.

[bookmark: _Toc31618275]Section 5.2 – Ideas for the Lateral Aiming First Design

The ideas for my Lateral Aiming part was to have a design of a catapult which will aim a squash ball that is easy to design and cost effective.
Range Adjustments
For the range adjustments I have decided to use a scope for my design as it will help to aim the line launcher and to see where it will land. The scope will go on top of the catapult.

[bookmark: _Toc31618276]Section 5.3 – Materials for the First Design

The material I was going to use for my first design was wood for the base of the catapult and a wooden spoon to fit the squash ball into, which would sit in the catapult. I planned to use a fishing line, which would help to aim the squash ball by having elastic bands and a spring which would keep the catapult balanced and would help to aim the squash ball.
Using wood for the first design would help to make the catapult strong and hold the base of the catapult. The wood would be cheap to buy rather than steel which is expensive, for the making of the catapult.
I planned to use a Scope Range Adjustment device which is easy to buy and set up on the catapult and which will help to aim the Line Launcher.
[bookmark: _Toc31618277]Section 5.4 – First Design Technical Drawing
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Figure 3  Range Adjustments  (Khan,2020)
Figure 2Lateral Aiming Positive and Negative (Khan 2020)
Figure 1 First Design for Lateral Aiming  (Khan, 2020)

[bookmark: _Toc31618279]Section 5.5 – Final Design for the Lateral Aiming

The Lateral Aiming for the final design will use a pivot for the Lateral Aiming and it will incorporate a hole through the barrel which will allow it to be adjustable. It will also have a bracket attached to the barrel. The Lateral Aiming System will have two pillars. The second pillar will have a bracket on top and the material used for the bracket will be made of metal. The pillars will be attached by bolts to the base in order to keep them in place and to make sure they remain still and do not move. The bolts will also be used as pivots and I will include nuts attached to the bolts, in my final design.

[bookmark: _Toc31618280]Section 5.6 – Materials for the Final Design

The material for the final design of the Lateral Aiming System will use nuts and bolts, a barrel, brackets, wood and steel for the pillars. I will also include bracket to keep the barrel secure.
For the Range Adjustments, I have decided not to use a scope, because I decided that the scope might slip off the launcher and that it would be a challenge to attach the scope to the Launcher. I have decided to use a small laser for the Range Adjustment which will help to aim the squash ball and to know where to hit the target and it will cost less. The laser will fit perfectly on top of the Launcher by having bolts securing it to the barrel.








[bookmark: _Toc31618281]Section 5.7 – Figures for Final Design



[image: Image][image: ]
Figure 4 Final Design (Khan,2020)
Figure 5 Top Final Design  (Khan , 2020)

     
Table 1 Materials costs 
	Martial 
	 Size
	Price
	Website

	Bolts (25 pack)
	M12x130mm
	£15.99
	Screw Fix

	 Nuts (Pack of 20)
	M12 
	£5.49
	Amazon

	Barrel  (Pack of 20)
	M6
	£3.46
	Amazon 

	Brackets (10 pack) 
	30 x30 x30mm
	£4.99
	Screw Fix


These are the materials I will use for my final design of the Lateral Aiming and Range Adjustments
Total cost of material = £15.99 + £5.49 + £3.46 + £4.99
Total cost = £29.83
The cost of the materials is very cheap from Amazon and Screw Fix and it is well within our £30 budget and the materials will be suitable for making the Line Launcher for the final design.  
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